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SECrvETAUY OE THE SMITHSONIAN INSTITUTION,
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The Tenth Annual Beport of the Board of Begents of that Institution.

July 25, 1856.—Kcad, and ordered to be printed. Motion to print 10,000 additlona

copies referred to tlie Committee on Printing.

July 29, 1856.—Ordered, That ten thousand additional copies of the Tenth Annual Report

of the Regents of the Smithsonian Institution be printed ; twenty-five hundred of th.-

same to be for the use of the Institution.

. Smithsonian Institution,

Washington, July 24, 185 «j.

Sir : lu behalf of tlie Board of Kegents, I have the honor to

submit to the Senate of the United States the Tenth Annual Keport

of the operations, expenditures, and condition of the Smithsonian

Institution,

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

JOSEPH HENRY,
Secretary Smithsonian Institution.

Hon. J. D. Bright,

President of the United States Senate.
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SMITHSONIAN INSTITUTION,

THU OPERATIONS, EXPENDITURES, AND CONDITION OF THE INSTITUTION UP TO JANUARY

1, 1856, AND THE PROCEEDINGS OF THE BOARD UP TO MAKCH 22, 1856.

To the Senate and House of Bepresentatives:

In obedience to the act of Congress of August 10, 1846, establishing

tlie Smithsonian Institution, the undersigned, in behalf of the Eegents,

submit to Congress, as a Report of the operations, expenditures, 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 1855.

2. Report of the Executive Committee, giving a general statement

of the proceeds and disposition of the Smithsonian fund, and also an

account of the expenditures for the year 1855.

3. Report of the Building Committee for 1855.

4. Proceedings of the Board of Regents up to March 22, 1856.

5. Appendix.

Respectfully submitted:

R. B. TANEY, Chancellor.

JOSEPH HENRY, Secretary.



OFFICEES OF THE SMITHSONIAN INSTITUTION

FRANKLIK TIERCE, Ex officio Presiding Officer of the Institution.

ROGER B. TANEY, Chancellor of the Institution.

JOSEPH HENRY, Secretary of the Institution.

SPENCER F. BAIRD, Assistant Secretary.

W. W. SEATON, Treasurer.

WILLIAM J. RHEES, Chief Clerk.

ALEXANDER D. BACHE, 1

JAMES A. PEARCE, j- Executive Committee.

JOSEPH G. TOTTEN, J

RICHARD RUSH, ^

WILLIAM H. ENGLISH, L .,^. ^
^Buudniff Committee.

JOHN T. TOWERS.
j

JOSEPH HENRY,
J

EEGENTS OF THE INSTITUTION.

— , Vice President of the United States.

ROGER B. TANEY, Chief Justice of the United States.

JOHN T. TOWERS, Mayor of the City of Washington.

JA]\IES A. PEARCE, member of the Senate of the United States.

JAMES M. MASON, member of the Senate of the United States.

STEPHEN A. DPUGLAS, member of the Senate of the United States.

WILLIAM H. ENGLISH, member of the House of Representatives.

HIRAM WARNER, member of the House of Representatives.

BENJAMIN STANTON, member of the House of Representatives.

GIDEON HAWLEY, citizen of New York.

RICHARD RUSH, citizen of Penrsylvania.

GEORGE E. BADGER, citizen of North Carolina.

CORNELIUS C. FELTON, citizen of Massachusetts.

ALEXANDER D. BACHE, citizen of Washington.

JOSEPH G. TOTTEN, citizen of Washington.



MEMBERS EX OFFICIO OF THE INSTITUTION.

FRANKLIN PIERCE, President of the United States.

, Vice President of the United States.

WILLIAM L. MARCY, Secretary of State.

JAMES GUTHRIE, Secretary of the Treasury.

JEFFERSON DAVIS, Secretary of War.

JAMES C. DOBBIN, Secretary of the Navy.

JAMES CAMPBELL, Postmaster General.

CALEB CUSHING, Attorney General.

ROGER B. TANEY, Chief Justice of the United States.

CHARLES MASON, Commissioner of Patents.

JOHN T. TOWERS, Mayor of the City of Washington.

HONORARY MEMBERS.

ROBERT HARE, of Pennsylvania.

WASHINGTON IRVING, of New York.

BENJAMIN SILLIMAN, of Connecticut.

PARKER CLEAVELAND,' of Maine.



PROGRAMME OF ORGANIZATION

SMITHSONIAN INSTITUTION.
[rilESENTED IN THE FIRST ANNUAL REPORT OF THE SECRETARY, AND

ADOl'TED DY THE BOARD OF REGENTS, DECEMBER 13, 1847.]

INTRODUCTION.

General considerations ivhicli should serve as a guide in adopting a

Plan of Organization.

1. Will of Smithson. The property is bequeathed to the United

States of America, " to found at Washington, under the name ofthe

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

perpelfuate 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 addi-

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

increased, among men,
T). 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 wdiole or in part, without a sacrifice of the funds.

10. In order to compensate, in some measure, for the loss of time

occasioned by the delay of eight years in establishing the Institution,



8 TENTH ANNUAL REPORT OF

a considerable povtion of the interest which has accrued shoukl 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 necessaril}^ connected

with it. There 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.

13. It should be recollected that mankind in general are to be bene-

fited by the bequest, and that, therefore, all unnecessary expenditure

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.

Plan of Organhation of the IndUuiwn in accordance iciih ilie forego-
ing deductionsfrom the Will of Smithson.

To Increase Knowledge. It is proposed

—

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

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 (IF THE FLAX TO INCREASE KNOWLEDGE.

I. By stimulating researches.

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

branches of knowledge.
2. The memoirs thus obtained to be published in a series of volumes,

in a quarto form, and entitled Smithsonian Contributions to Know-
ledge.

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

publication, Avhich does not furnish a positive addition to human
knowledge, resting on original research ; and all unverified specula-
tions to be rejected.

4. Eacl). memoir presented to the Institution to be submitted for

examination to a commission of persons of reputation for learning in
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the branch to which the memoir pertains ; and to he accepted lor pub-

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

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

and the name of the author, as far as practicable, concealed, unless a

favorable decision be made.
6. The volumes of the memoirs to be exchanged for the Transactions

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 pre-

served^ 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 aj^propriating a part of the income, annually, to special ohjects

of research, under the direction of suitable p)ersons.

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 Smithso-

nian Contributions to Knowledge.
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 i^hysical,

moral, and political subjects.

(5.) Historical researches, and accurate surveys of places celebrated

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.

DETAILS OF THE FLAN FOR DIFFUSING KNOWLEDGE

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

new discoveries in science, and of' the changes made from year to year

in cdl 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
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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.

3. Each collaborator to be furnished with the journals and publica-

tions, 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 distribu-

tion, the remaining copies to be given to literary and scientific insti-

tutions, and sold to individuals for a moderate price.

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

the reports:*

I. 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.

II. MORAL AND POLITICAL CLASS.

5. Ethnology, including particular history, comparative philology,

antiquities, &c.

G. Statistics and political economy.
7. Mental and moral ])hilosoi)hy.

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

in. 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 puhlicaiion of separate treatises on subjects of general in-

terest.

1. These treatises may occasionally consist of valuable memoirs
translated from foreign languages, or of articles prepared under the
direction of the Institution, or procured by offering premiums for the
best exposition of a given subject.

2. The treatises should, in all cases, be submitted to a commission
of competent judges, previous to their publication.

<^' This part of the plan has been but partially carried out.
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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 II.

Pla7i of organization, in accordance iviih the terms of the resolutions of
the Board of Regents providing for the two modes of increasing and

diffusing knowledge.

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 required,

consisting, 1st, of a complete collection of the transactions and pro-

ceedings of all the learned societies in the world ;
2d, of the more

important current periodical publications, and other works necessary

in pre]iaring 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 men-

tioned above, catalogues of all the different libraries in the United

States should be procured, in order that the valuable books first pur-

chased 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.

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.

« Tlie amount of the Smithsonian bequest received into the Ti-eaeury of

the United States is - S ">15, 1G9 OO

Interest on the same to July I, 1846, (devoted to the erection of the

building,) - - 242,129 00.

Annual income from the bequest 30, 910 14
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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 Congress,

will be required to illustrate new discoveries in science, and to exhibit

new objects of art ; distinguished individuals should also be invited to

give lectures on subjects of general interest.

This programme, which was at first adopted provisionally, 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 in-

come between tlie 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 difierent 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 comj)liance in good faith with the law.
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HEPOUT OP THE SECRETAEY.

To the Board of Regents of the Smithsonian Institution:

Gentlemen : The year which has elapsed since the List meeting of

the Board of Regents has been marked by events which must have a

decided influence on tlie future history of the establishment intrusted

to your care. The plan of organization adopted, and the operations

in accordance with it, have been widely discussed by the public. The
subject has also been brought before Congress, and referred to a spe-

cial committee of the House of Representatives, and to the Judiciary

Committee of the Senate. The committee of the House had not time,

before the close of the session, to visit the Institution, or to make such

an examination of the management and the condition of its affairs as

the importance of the matter referred to them would seem to demand.

The members were divided in opinion as to the question of further le-

gislation, and no action was taken upon the reports which they pre-

sented. The Judiciary Committee of the Senate reported on the sub-

ject, and unanimously approved the acts of the Regents in construing

the law of Congress, in interpreting the will of Smithson, and in what
they had done in the way of increasing and diffusing knowledge among
men.
The discussions that have taken place in the journals of the day in

regard to the policy pursued by the Institution, together with the print-

ing of an extra number of copies of the Regents' report to Congress,

have given the public generally an opportunity of becoming more

fully acquainted than heretofore with the character of the trust, and
the manner in which it has been administered. From the number of

letters received during the past year, containing spontaneous expres-

sions of opinion relative to the course pursued by the Regents, there

can be no doubt that the policy which has been ado])ted is the one

most in accordance with the views of a majority of the intelligent part

of the community.
It is not contended that the plan of organization is in all respects

what could be wished ; on the contrary, it is believed that more of the

income is devoted to local objects—in the support of a large building

and the expensive establishment necessarily connected with it—than

is entirely consistent with a proper interpretation of the will of Smith-

son. But in establishing an institution in which various opinions

were to be regarded, the question was not, what, in the abstract, was

the best system, but the best which, under the circumstances, could

be adopted. It can hardly be expected that any plan, however faith-

fully and cautiously pursued, will give general, not to say universal,

satisfaction. In the faithful discharge of their duty, the directors of

the Institution are liable, frequently^ to make decisions which conflict
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with wliat is deemed, the interests of individuals •, and when proposi-

tions intended only for personal'advantage are rejected, a hostile feel-

in <>• is sometimes engendered, which finds vent in misrepresentation

and public attacks. After due caution has been observed in order to

give no just cause of complaint, such attacks should be disregarded.

The Regents will, doubtless, adhere to the line of policy which has

been adopted ; turn neither to the right nor to the left to catch an ap-

parently favorable breath of ])opular applause, and continue to lead,

rather than foUoio, public o])inion. The directors of the establishment,

whose duty it is to make all that concerns it their special study, ought

to be better acquainted with the intentions of the donor, and the re-

sults produced by the expenditure of the income of his bequest, than

those Avho have no responsibility of this kind to induce that attention

to its aifairs which could alone qualify them to become proper advisers

as to its operations.

Since the last meeting of the Board, the Institution has not only

sustained, but has extended the reputation it had previously acquired.

The number of applications on favorable terms, even in a conimercial

point of view, which have been made from abroad for the Smithsonian

publications, has very much increased, and the number of volumes

received in exchange has exceeded that of any previous year. The
inquiries which have been made of the Institution for information in

regard to different branches of knowledge, the references to it for the

decision of important questions, and the applications for assistance in

the prosecution of original research, indicate an extending tield of

usefulness open to its cultivation. Indeed, so many objects of the

highest importance are presented, that much difficulty would be ex-

perienced in the selection of those which should first receive attention,

if the directors were not governed by fixed rules. The tendency to

expand the operations of the Institution beyond its means, enforces

the necessity of constant vigilance and forethought. While much
may be done in the way of advancing knowledge by the judicious ap-

plication of a small fund, it is surprising that so much is expected to

be accomplished by an income so limited as that of this bequest, and
that propositions should frequently be made to the Regents by intel-

ligent ])ersons to embark in enterprises which would involve the ex-

penditure of the whole annual interest on a single object.

The building is at length completed, and its several apartments

are now in a condition to be applied to the uses of the Institution.

As various changes have been made in the original plan, the follow-

ing brief description may not be inappropriate at this time. It con-

sists of a main edifice, two wings, two connecting ranges, four large

projecting towers, and several smaller ones. Its extreme lengtli from

east to west is 447 feet, with a breadth varying from 49 feet to 160

feet. The interior of the east wing is separated into two stories, the

upper of which is divided into a suite of rooms for the accommo-
dation of the family of the Secretary ; the lower story principally com-

prises a large single room, at present appropriated to the storage of

publications and the reception and distribution of books connected

with the system of exchange. The upper story of the eastern con-
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nectiiig range is divided into a number of small apartments devoted

to the operations in natural history, and the lower story is fitted up

as a working laboratory.

The interior of the main edifice is 200 feet long by 50 feet wide, and

consists of two stories and a basement. The upper story is divided

into a lecture-room capable of holding 2,000 persons ; and into two

additional rooms, one on either side, each fifty feet square, one of which

is appropriated to a museum of apparatus, and the other, at present,

to a gallery of art. Both are occasionally used as minor lecture-rooms

andVor the meetings of scientific, educational, or industrial associa-

tions. The lower story of the main building consists of one large hall

to be appropriated to a museum or a library. It is at present unoc-

cupied, but will be brought into use as soon as the means are pro-

vided for furnishing it with proper cases for containing the objects to

which it may be appropriated. The basement of this portion of the

building is used as a lumber-room and as a receptacle for fuel.

The west wing is at present occupied as a library, and is suffi-

ciently large to accommodate all the books which will probably be

received during the next ten years. The west connecting range is

appropriated to a reading-room.

The principal towers are divided into stories, and thus furnish a

large number of rooms of different sizes, which will all come into use

in the varied operations of the Institution. A large room in the

main south tower is appropriated to the meetings of the " Establish-

ment" and the Board of Kegents ; three rooms in one range, in the

main front towers, are used as offices ; and two rooms below, in the same

towers, are occupied by one of the assistants and the janitor ;
other

rooms in the towers are used for drawing, engraving, and work-shops.

There are in the whole building, of all sizes, ninety diiferent apart-

ments ; of these eight are of a large size, and are intended for public

exhibitions.

The delay in finishing the building has not only been attended with

advantage in husbanding the funds, but also in allowing a more com-

plete adaptation of the interior to the purposes of the Institution. It

is surely better, in the construction of such an edifice, to imitate the

example of the mollusc, who, in fashioning his shell, adapts it to the

form and dimensions of his body, rather than that of another animal

who forces himself into a house intended for a different occupant. The
first point to be settled, in commencing a building, is the uses to

which it is to be applied. This, however, could not be definitely

ascertained at the beginning of the Institution, and hence the next

wisest step to that of not commencing to build immediately, was to

defer the completion of the structure until the plan of operations and

the wants of the establishment were more precisely known.
From the report of the Building Committee it will appear that about

$6,000 remain to be paid upon the contracts, which amount will be met

by the interest of the extra fund during the present year. The whole

amount expended on the building, grounds, and objects connected

with them, is $318,727 01. This exceeds considerably the original

estimate, and the limit which was at first adopted by the Regents.

The excess has been principally occasioned by substituting fire-proof
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materials for the interior of the main hiiikling;, instead of wood and
phister^ which were originally intended.

It is to be regretted that a design so costly was adopted ; hut the

law of Congress evidently contemplated an expensive building, and
l)laced no restriction on the Regents as to cost or plan, except the

preservation of the principal of the bequest.

From the report of the Executive Committee it will be seen that not
only has this restriction been observed, but that, notwithstanding the

enhanced expenditure, a considerable augmentation of the fund has
been effected. The original $515,000, received from the bequest of

Smitbson, is still in the treasury of the United States; and, after

the present debt on the building shall have been discharged, there

will remain in the hands of the treasurer the sum of §125,000 of unex-
pended interest. Though this is a favorable condition of the finances,,

yet caution in the expenditure is still imperatively required. We
should not forget that the ordinary expenses of the Institution have
constantly increased ; and that, whilst the nominal income has re-

mained the same, the value of money has depreciated ; and, conse-

quently, the capability of the original bequest to produce results has
been abridged in a corresponding proportion. Besides, when the

building is entirely occupied, the expense of warming, attendance,

&c., must necessarily be much increased beyond its present amount.
The repairs, on account of the peculiar style of architecture adopted,
will ever be a heavy item of expenditure. The several pinnacles,

buttresses, and intersecting roofs, all afford points of peculiar ex-

I)Osure to the injuries of the weather. In this connexion, I cannot
help again expressing the hope that Congress will, in due time, relieve

the Institution from the support of this building, and that it will ulti-

mately appropriate at least the greater part of it to a national museum,
for the general accommodation of all the specimens of natural history

and of art, which are now accumulating in the Capital of the nation.

The two wings and connecting ranges would be quite sufficient for all

the operations of the Institution, and a large j)ortion of the funds now
absorbed in the incidental expenses, which have been mentioned, could

be devoted to the more legitimate objects of the bequest.

It was mentioned in a previous report that the rooms of the upper
story of the building Avere particularly arranged with a view to accom-
modate the meetings of literary, scientific, and other associations which
might assemble at the seat of government. During the past year the

following societies have availed themselves of the facilities thus af-

forded, viz : the United States Agricultural Society,the Metropolitan
Mechanics' Institute, a musical convention of the choirs in this city and
of ])('rsons invited from a distance, also a second convention under the
auspices of the Philliarmonic Society of Washington. Besides these,

the Teachers' Association of the District of Columbia has held its

monthly meetings in this building, and the rooms have been frequently
occupied during a single evening for public purposes. The use of the

lecture-room is granted when the object for which it is asked is of

general public utility, and not of a party or sectarian character, or

intended to promote merely individual interests.

Since the death of the lamented Downing, but little has been done
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to complete the general plan of tlie improvement of tlie mall proposed
by him and adopted bj^ Congress. An annual appropriation, however,
has been made for keeping in order the lot on which the tSmithsonian
building is situated, and it is hoped that in due time the whole reser-

vation from the Capitol to the Washington Monument will, in ac-

cordance with the original design, be converted into an extended park.
The Smithsonian building having been completed, the refuse mate-

rial will be removed from the south part of the lot, and the whole
grounds around the institution will then be in a condition for per-

manent imjirovement. It is to be regretted that Congress has not
made an appropriation to carry out the suggestion of Dr. Torrey, and
other botanists, of establishing here an arboretum to exhibit the vari-

ous ornamental trees of indigenous growth in this country. The
climate of Washington is favorable to the growth of a very large num-
ber of the products of our forests, and an exhibition of this kind would
serve to render better known our botanical wealth, and to improve the
public taste. The preservation and cultivation of our native trees are
objects of national importance.

A subscription has been collected by the members of the American
Pomological Society for the erection of a monument to the memory of
Downing, and the President has given his consent to the placing of
this in the same lot with the Smithsonian Institution. The monument
will be erected in the course of the present year, and will serve to per-
petuate the memory of a public benefactor, as well as to embellish the
grounds.

Publications.—Since the last meeting of the Board of Regents, the
seventh volume of the Smithsonian Contributions to Knowledge has
been printed and distributed. Owing to certain changes, which were
considered desirable in some of the memoirs mentioned in the last
report, they were not ready in time for the press, and this volume was
consequently made up without them. It therefore does not contain as
many pages of printed matter as some of the previous volumes. It has,
however, a larger number of plates, and consequently the expense of
its publication has been equal to that of any of the preceding ones.

1. Among the papers mentioned in the last report was one by Mr. S. F.
Haven, librarian of the American Antiquarian Society, on the progress
of information and opinion respecting the archa3ology of the United
States. The printing of this paper, which is now nearly completed, was
delayed for the purpo'§e of enabling the author to extend it in some par-
ticulars, and to include in it a more definite account of some branches
of ethnological investigation than was at first contemplated. It will
be recollected that the object of this paper is, first, to present the specu-
lative opinions relative to American antiquities, which preceded anv
systematic or scientific investigation, and to exhibit the various hypo-
theses advanced, as to their origin, based upon hints from sacred or
profane history ; secondly, to follow the steps of inquiry, nearly in
the order of time, and to present a summary of facts supposed to be
developed, and views entertained at different stages of research and
discovery. When the author^ in pursuing his subject, arrived at the
consideration of the period when philological and physiological deduc-

2
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tions, from reliable information, were specially and scientifically broiiglit

to bear upon this investigation, it seemed necessary to enlarge the

original plan, and to exhibit, concisely, the considerations involved

in the discussions, the course they had taken in this country, and the

conclusions to which different writers in these departments of research

had been led.

The last chapter will present a sketch of what appears to be the

actual information now possessed respecting the vestiges of anti-

quity in the United States, and will include the consideration of the

following points :

1st. To what places of the American continent the known courses

of the wdnds and currents might casually bring the vessels of ancient

navigators.

2d, The evidences of foreign communication said to be observable

at those places.

3d. The other known means of access from foreign countries.

4th. The topography of ancient remains in the United States.

5th. The external character of those remains.

6th. Their local peculiarities.

Tth. The character of the articles taken from them, and supposed to

be of contemporaneous origin.

8th. The inscriptions, medals, and other remains, supposed to indi-

cate the use of letters or hieroglyphic symbols.
Tin's rvanpr ns imnal, "will be is«nprl. at first, senaratplv. nnr! pffpp-

wards published as a part of the eighth volume of Contributions.

2. The paper mentioned in the last report, on the Tangencies of

Circles and Spheres, by Major Alvord, of the United States army,
Las been printed, and is now ready for distribution. It is due to

Professors Church and Gibbes, to whom the memoir was submitted,

to mention that they have given it critical examination, have sug-
gested several improvements, which have been adopted by the author,

and that, in his absence on official duty in Oregon, they have read

the proof-sheets, and corrected the plates and text—a service of no
small moment in the publication of an abstruse mathematical j)aper,

in which extreme precision_, if not absolute accuracy of typography, is

required.

3. The paper on the Aurora Borealis, by Professor Olmsted, de-

scribed in the last report, has also received some emendations, and
is now in the press. The valuable collection of notices of the appear-
ances of the aurora in northern latitudes, by Peter Force, Esq., of

Washington, is also in the lumds of the printer, and will form an ap-

pendix to the eighth volume.
4. A corrected edition of the first part of the tables for facilita-

ting the investigation of physical problems, mentioned in the fifth and
sixth reports, has been })repared, and, with the second part of the

sam§ series, is now in the i)ress. No publications of the Institution

have been called for more frequently than these tables. They have
been introduced into Great Britain, and have supplied a want wiiich

has long been felt by the practical cultivator of physical science in

that country, as well as our own.
Each set of tables has a distinct title and paging, and may be
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separately stitched and distributed in a pamphlet form, or honnd to-

gether in a single octavo volume. Tlie following is the list of the

tables: 1. Coni[>arison of the thcrmomctrical scales; 2. A series of

hygrometrical tables ; 3. Tables for comparing the quantities of rain
;

4. A series of tables for comparison of different barometrical scales,

&c. ; 5. Tables for computing differences of level by means of the

barometer ; 6. To ascertain elevations by the boiling-point of water
;

7. For the conversion of different measures of length.

A full descriptive list will be found in the appendix.

In connexion with the publication of these tables, I may allude to

the fact which is constantly to be regretted, that, while the charac-

ters which indicate the numerals of ordinary and scientific computa-
tion are the same in all civilized countries, there should exist, in this

age of the world, such a diversity in the s'andards and divisions of

measures. The present appears to be an auspicious moment for at-

tem})ting to introduce a uniform system of weights and measures.

This would probably present no great difficulty in the case between

Great Britain and this country, and since England and F'lance are

now allied in a common cause,- they might both be induced to agree

upon a general standard ; and if this were adopted by all who speak

the English and French languages, it would soon become common to

every part of the civilized world.

5. Another paper submitted for publication is on a special branch
of natural history, called Oology. The design of this memoir is to

give, by means of colored engravings, correct representations of the

eggs of the birds of North America, so far as they have been ascer-

tained, and to accompany each figure with an account of whatever
may be known as to tlie mode of breeding, the construction of the
nests, and the geographical distribution of the species during the
hatching season. It is believed that this paper will supply a defi-

ciency in the mitural history of North America. There is no separate

treatise on its oology, nor do any of the works on American ornitho-

logy furnish reliable descriptions under this head, except in regard
to a few of the more common birds. All our ornithologists-, says the
author, Audubon not excepted, have given their attention almost ex-

clusively to the birds, and have omitted to notice the p<3Culiaritiesof

their propagation. The reason for this may readily be found in the
difSculty attending the investigation, which is to be appreciated only
by those wlio have sought to make a study of this branch of natural
history. The author has devoted to this subject all the leisure he
could spare during twenty years, and each year he has been able to

add new contributions to the stock of knowledge, as well as illustra-

tions and specimens to the common store, until he is now enabled to

describe and figure at least four-fifths of the oology of this continent.

In the commencement of the operations o-f the Institution, the Re-
gents might have hesitated to sanction the publication of a paper on
a subject which at first sight would apjiear to be so far removed from
•practical application. But it is believed that since that period, more
just views of the importance of such subjects have become prevalent,

and that the Smithsonian publications themselves have done good
service in diffusing more liberal sentiments. Indeed, it is an import-
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ant part of the duty of this Institution to encourage special lines of

research into every department of the varied domain of nature.

Though it might be a perversion of intellect for a large number of

23ersons in the same country to occupy themselves in any one pursuit

of this kind, when so much on every hand is required to be done, yet

it is highly meritorious in any individual to devote himself systemati-

cally, industriously, and continuously, for years, to the elucidation of

a single subject. He may be said to resemble in this respect the ex-

plorer of an inhospitable region, who enables the world to see through
his eyes the objects of wonder and interest which would otherwise be

forever withdrawn from human knowledge. Let censure or ridicule

fall elsewhere—on those whose lives are passed without labor and
without object ; but let praise and honor be bestowed on him who
seeks with unwearied patience to develop the order, harmony, and
beauty of even the smallest ^^art of God's creation. A life devoted

exclusively to the study of a single insect, is not spent in vain. No
animal, however insignificant, is isolated ; it forms a part of the great

system of nature, and is governed by the same general laws which
control the most prominent beings of the organic world.

It is proposed to publish this paper in a number of parts, com-
mencing with the oology of the birds of prey. This is one of the

most difficult of all the families to study with precision, on account

of the retiring habits of the birds and their almost inaccessible breed-

ing places.

6. The next paper is on the relative intensity of the light and heat

of the sun upon the different latitudes of the earth, by L. W. Meech,
Esq. This memoir, which was submitted for examination to Prof.

Peirce and Dr. B. A. Gould, of Cambridge, presents a thorough mathe-
matical investigation of the only known astronomical element of me-
teorology. It gives a distinct^ precise, and condensed view of this

element ; enables the practical meteorologist to compare it with the
results of observation ; to eliminate its influence and obtain the resid-

ual phenomena in a separated form and better fitted for independent
investigation. It determines, from the apparent course of the sun,

the relative number of heating and illuminating rays which fall upon
any part of the earth's surface. The rays of light and heat from the
sun to the earth, though imperceptible in their passage through free

space, and manifest only by their results at the surface of the globe,

evidently constitute a primary element of meteorology. The subse-

quent effects ,which are measured by the thermometer and designated
by the word temperature, are secondary, and modified by a variety of

proximate causes. In accordance with tliis distinction, the numerous
researches in this field may be divided into two classes, namely, those

which relate to the number of rays falling on a given phice, and those
which relate to the temperature produced by these rays under different

conditions of surface, &c. To the former of these belongs the investi-

gation of Halley, given in the Philosophical Transactions for 1G93.

By regarding heat as of the nature of force and resolving it into a
horizontal and a vertical component, he drew the proi)er distinction

between the number of rays and their heating effector "impulse,"
which is expressed in the well known law, that the sun's intensity at
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any time is proportional to the sine of the sun's altitude above the

horizon. The subject was also investigated by Euler in 1*739, in the

Petersburg Commentaries, with some improvements upon the metliod

of Halley, but owing to the introduction of false hypotheses, it was

not brought to a successful conclusion. More recently, Fourrier and

Poisson have discussed the problems of terrestrial heat at great length,

but in so general a way as to leave very much yet to be accomplished.

The present memoir, avoiding hypotheses, proceeds entirely in ac-

cordance with the principle that the intensity of the heat and light

radiated from the sun to the earth, is inversely proportional to the

square of the distance. By strict adherence to this primary law, the

principles of the astronomical branch of meteorology are deduced in a

connected series with geometrical precision, while at the same time an

account is taken of all the modifying circumstances of which the effects

are definitely known, such as the geographic latitude, the changes of

the sun's distance from the earth, the changes of the sun's altitude or

oblique direction of the solar beams, and changes in the length of the

day.

Among the more interesting results thus obtained are the simple

expressions for annual intensity and the duration of sunlight and twi-

light, and a more full delineation of the peculiar increase of summer
heat around the poles, first pointed out by Halley.

The secular changes of solar heat^ or those which relate to long

periods, are also analyzed in accordance with the received variations

of astronomical elements, particularly those given by Leverrier^ and

extended to very remote epochs. This part of the investigation is in-

timately connected with the geology of the globe, and the question as

to the amelioration of the climate of America since the period of our

colonial history. The paper is accompanied by a number of graphical

illustrations, which, besides exhibiting the general results, show the

reflex agency of the earth and its atmosphere in modifying the direct

heat of the sun, and the progressive change of climates, and the seasons

of the year. A small appropriation was made to defray the expense

of the arithmetical calculations necessary for deducing the numerical

values from the general formula.

7. In a previous report it was stated that a small appropriation had
been made to defray, in part, the expense of some special geological

explorations, under the direction of Professor E. Hitchcock, of Amherst

College, Massachusetts. The papers containing the result of these in-

vestigations have been presented to the Institution for publication.

They all relate to surface geology^ or the geological changes which

have taken place on the earth's surface since the tertiary period.

The first paper treats of the unconsolidated terraces, beaches, sub-

marine ridges, &c., that have been formed along the shores of the

ocean, lakes, and rivers, since the last submergence of the continents.

The author has given the heights of a great number of these above

the ocean, and the rivers, and a map of those in the valley of the Con-

necticut river. The evidence they afford of a submergence of this

continent, at least, and a part of Europe, since the Drift Period, is re-

garded by the author as one of his most important conclusions. But
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many others, however, are presented, which will tend to modify the

opinions entertained of the superficial deposits of the glohe.

The second paper is on tlie erosions of the surface of the earth, espe-

cially hy rivers. Of this phenomenon numerous examples are given,

and those described minutely which have fallen under the author's

own observations. Some of the conclusions to which he has been con-

ducted are new and unexpected. He has, for instance, pointed out

several traces of old river-beds, now filled up and abandoned, through
which, in his opinion, tlie streams ran on a former continent.

The third paper would appear to establish the fact that glaciers

once existed on some of the mountains of New England, in distinction

from the drift agency, which he regards as chiefly the result of ice-

bergs and oceanic currents. This paper is accompanied by a map of

the ancient glaciers, so that geologists can examine for themselves the

data from which the deductions are made.
These investigations, says the author, "are an humble attempt to

penetrate a little distance into the obscurities of surface geology, and
to exhibit changes which seem to have been moi'e overlooked than

any other which the earth has undergone." Whatever may be the

opinions entertained of the conclusions of the author, the facts which
he has collected must ever be of importance.

On account of the colored maps which are necessary to illustrate

these papers, their expense will be considerable, and we shall be

obliged, perhaps, to defer their publication until towards the close of

the i)resent year.

It is a subject of congratulation, and an evidence of the advance of

liberal sentiments in regard to the importance of abstract science in

our country, that within the last few years liberal donations have
been made for the publication of original research and the j*rrmotiou

of original scientific investigations. In addition to the i^lOO.OOO be-

queathed some years since to the Harvard Observatory, the same
establishment has lately received from the Hon. Josiah Quincy the

sum of |10,000 for the publication of its observations ; and $10,000
has been bequeathed by Mr. Appleton for the publication of original

memoirs in the Transactions of the American Academy. A M^ealthy

lady of the city of Albany has just reared a monument to the memory
of her husband in the establishment of an observatory, which, we
trust, will be more enduring than any merely material edifice, how-
ever permanent and unalterable may be its character. Discoveries

will undoubtedly be made by means of this enlightened bequest, which
will indelibly associate the name of Dudley with the future history of

astronomy. The love of posthumous fame is a natural and laudable de-

sire of the human mind. It is an instinct, as it were, of immortality,

which should be fostered and kept alive by example as one of the most
powerful inducements to enlightened benevolence. x\nd what prouder

monument could be coveted than that which shall associate a name
with the discovery of truths, the knowledge of which will be as widely

extended and as continuous in duration as civilization itself? Smith-
son was ambitious of this distinction, and has presented with rare

sagacity, to all who have the means of gratifying the same feeling, a
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noTjle example. In connexion with the same snhjcct, I may refer to

tlie unexampled provision which has heen made by subscription for

the publication of the extended researches of Prof. Agassiz. The re-

sults of these researches are to he comprised in ten quarto volumes, at

a subscription price of ,^1 20. Tlio whole number of subscribers already

obtained is three thousand, which will produce $300,000. The Smith-

sonian Institution bad commenced the preparation of the plates of

several memoirs by Prof. Agassiz, which will now be probably merged
in this work ; and thus, though it may lose the honor of a more per-

manent association of the name of this celebrated individual with its

own publications, yet a portion of its funds Avill thus be set free for the

publication of the researches of less fortunate though meritorious

laborers in the field of knowledge. The Institution, however, will

have largely contributed from its museum to the materials wliich will

be required in the preparation of this great work, and will thus be

still connected with this important enterprise.

Exchanges.—The system of scientific and literary exchanges, of

which an account has been given in the previous reports, has become
more widely known and its advantages more generally appreciated.

Nearly all the exchanges of scientific works between societies and in-

dividuals in this country and abroad are now made through the agency
of this Institution. The whole number of articles transmitted during

the year 1855 was 8,585. The whole number of separate articles re-

ceived during the same time cannot be stated, as those addressed to

particular persons or societies were enclosed in packages which were
not opened. The articles received in behalf of the Institution amounted
to 4,500, and the number of packages for other parties to 1,445. The
latter, in almost every case, contained several different works, which
would swell Vae amount received to a larger number than that which
was sent. The associations in this country which have availed them-
selves of the facilities of the system comprise nearly all those that

publish Transactions. Among these are many of the agricultural

societies of the western States. In a number of cases societies and
individuals have transmitted sets of their works, to be distributed by
the Institution to such associations as it might deem best entitled to

receive them.
The Smithsonian agency is not confined to the transmission of

works from the United States, but is extended to those from Canada,
South and Central America, and in its foreign relations embraces
every part of the civilized world. It is a ground of just congratula-

tion to the Regents, that the Institution, by means of this part of the

plan of its organization, is able to do so much towards the advance of

knowledge. It brings into friendly correspondence cultivators of origi-

nal research the most widely separated, and emphatically realizes the

idea of Smithson himself, that 'Hhe man of science is of no country;"
that "the world is his country, and all mankind his countrymen."
The system of exchange has found favor with foreign governments,

and the Smithsonian packages are now admitted into all ports to which
they are sent, without detention, and free of duty. It has also been

highly favored by the liberal aid of companies and individuals in this
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country. The mail steamship line to California via Panama conveys
our packages free of cost to the Pacific coast. The line of steamers to

Bremen has also adopted a like liberal policy, and Messrs. Oelrichs &
Lurman, of Baltimore, have indicated their estimation of the value
of the system, by making no charge whatsoever for transmitting a large

number of boxes to Germany, and in receiving and forwarding others

from that country.

In connexion with the subject of exchanges, it becomes my duty to

announce the loss which the Institution has experienced in the death
of one of its Avarmest friends and most active agents, Dr. J. Gr. Fliigel,

of Leipsic. After a residence of several years in this country he re-

turned to Germany as United States consul, in which capacity he was
unremitting in his efforts to render service to American travellers,

and, by his untiring industry and zeal in behalf of the Institution,

contributed more than any other person to make it known through
northern and central Europe. His son, Dr. Felix Fliigel, has been
appointed his successor, and has evinced a desire and given evidence
of his ability to carry on the system with promptness and efficiency.

The agent of the Institution in London is Mr. Henry Stevens, and in

Earis Mr. Hector Bossange; and to these gentlemen the thanks of the
Eegents are due for important services in the distribution and recep-

tion of packages without charge.

Correspondence.—The correspondence during the last year has been
more extended than that of any preceding period. The character of

the Institution becoming more widely known, the number of applica-

tions for information relative to particular branches of knowledge
has been increased. The correspondence relates to the exchanges,
the collections, the publications, the communication with authors and
the members of commissions to which memoirs are submitted, an-
swers to questions on different branches of knowledge, and reports as

to the character of specimens of natural history, geology, &c.; also

explanations of the character of the Institution, the distribution of its

publications, its system of meteorology, &c.
The whole number of pages copied into letter-books in 1855 is

about 4,000.

Besides this correspondence, there have been sent off from the In-

stitution upwards of 5,000 acknowledgments of books and other ar-

ticles presented to the Institution^ and 6,000 circulars, asking for

information on special points, such as natural history, meteorology,
physical geography, statistics of libraries and colleges, &c.
Many of the communications are interesting additions to knowl-

edge, though tlicy are scarcely of a character to warrant their publi-

cation in the quarto series of Contributions ; and it is now proposed to

append some of these to the annual report to Congress to illustrate

the operations of the Institution, as well as to furnish information on
subjects of interest to the public. The meteorological system gives

rise to an extensive correspondence, and maintains a lively sympathy
between the institution and a large number of intelligent individuals.

During the past year, as usual, many crude speculations on scientific

and philosophical subjects have been presented for critical examina-
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tion. To these, in all cases, respectful answers have been returned,

and an endeavor has been made to impress upon the correspondent

the distinction between fanciful speculation and definite scientific in-

vestigation.

Education.—The plan of organization of this Institution does not

include the application of any of its funds directly to educational jmr-

poses. Were the whole Smithsonian income applied to this one ob-

ject, but little, comparatively, of importance could be effected, and

that little would scarcely be in accordance with the liberal intention

of the testator, as expressed in his will, by the terms "the increase

and diffusion of knowledge among men." Still, the theory and art

of education are susceptible of improvement, as well as of a wider ap-

plication ; and therefore, though the Institution may not attemptto do

anything itself in the way of elementary instruction, it may, in ac-

cordance with its plan of operations, assist in diffusing a knowledge

of the progress of the art of teaching, and of its application in this

country.

At a meeting of the American Association for the Advancement of

Education, held in this building in December, 1854, a committee was

appointed, which called the attention of the Institution to the im-

portance of aiding in preparing and publishing a history of education

in the several States of the Union, the object of which would be to

diffuse a knowledge of what has been done in each section of the

country among all the others, and thus to render the separate expe-

rience of each beneficial to the whole. After consultation with the

members of the Executive Committee, then in the city, it was con-

cluded to devote |350 to this purpose. This sum has accordingly

been advanced to the Hon. Henry Barnard, of Connecticut, who has col-

lected and digested for publication the materials for a work of this kind.

The subject will be presented under the following heads

:

1. Survey of the principal agencies which determine the education

of a people, with an explanation of the American nomenclature of

schools and education.

2. A brief sketch of the action of the general government in the

matter of education and schools.

3. Legislation of each State respecting education,

4. Condition of education in each State, according to the census re-

^rns of 1850, and other reliable sources of information.

5. Educational funds—State, municipal, and institutional.

6. Educational buildings : remarks on their general condition, with

illustrations of a few of the best specimens of each class of buildings.

7. Catalogue of documents relating to the educational systems and

institutions in each State.

8. Statistical tables, with a summary of educational agencies, such

as the press, ecclesiastical organizations, facilities of locomotion, &c.

9. A brief statement of the educational systems and statistics of

the most civilized countries of Europe.

The work will either be published as a separate report on educa-

. tion, or may be given in a series of numbers of the American Journal

of Education, extra copies of which will be obtained for distribution.
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It is believed that tins exposition of the subject will supply a deficiency

which has long been felt, and be of much service in advancing the

important cause to which it relates.

Lahorafory, Itesearches, &c.—The law of Congress incorporating

the Institution directed the establishment of a laboratory, and, in ac-

cordance with this, a commodious room has been fitted up with the

necessary appliances for original research in chemistry and other

branches of physical science.

During tlie past year a number of different researches have been
prosecuted in this apartment.

1. A continuation of those mentioned in the last report on building

material.

2. A series relating to combustion^, and some points on meteorology.

3. On the flow of air through tubes of various forms.

4. On the application of some newly-discovered substances to prac-

tical purposes in the arts.

5. The examination of the minerals of the Pacific railroad and
other expeditions.

Though the funds of the Institution will not permit the constant

employment of a practical chemist, yet we are enabled to do some-
thing towards the support of a person in this line, by referring to him
ihe articles of a commercial value which are submitted to us for ex-

amination, and for which the cost of analysis is paid by the parties

seeking the information.

A young chemist, who has spent three years in Germany, has now
the use of the laboratory, and is prepared to make any analyses which
may be required. For the facilities afforded him he is to keep the

apparatus in working order, and to make such examinations of speci-

mens as may not require much labor.

In one of the previous reports it was mentioned that a set of instru-

ments for observing the several elements of terrestrial magnetism
was lent to Dr. Kane for use in his Arctic explorations, and I am hap-

py to inform the Board that these instruments have done good service

to the cause of science in the hands of this intrepid explorer and his

assistants, and that they have been returned in good condition. They
will be again intrusted to other persons for observations in different

parts of this country.

Meteorology.—Since the last meeting of the Board an arrangement
has been made with the Commissioner of Patents by which the sys-

tem of meteorology, established under the direction of the Institution,

will be extended, and the results published more fully than the Smith-
sonian income would allow. A new set of blank forms has been pre-

pared by myself, and widely distributed under the frank of the Patent
Office. An appropriation has also been made for the purchase of a
large number of rain-gages, to be distributed to different parts of

the country, for the purpose of ascertaining more definitely with com-
pared instruments the actual amount of rain which falls in the dif-

ferent sections of our extended domain. A series of experiments has
been made with regard to the different form of gages, and a very
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simple one, which can be manufactured at a small expense, is ea'=!y of

application, and can be readily transported by mail, has been adopted.

Mr. Jas. Green, of New York, has continued to manufacture standard

instruments in accordance with the plan adopted by the Institution,

and to suj)ply tiiese at a reasonable price to observers, lie preserves

an accurate record of the comparison of each instrunieut with the

standards furnished by the Institution, and in this way good service

is rendered to the advance of this branch of knowledge by tbe general

introduction of compared and reliable instruments. The system is

constantly improving in precision and extent.

Com])laints have been made that but few of the materials collected

by the Institution have yet been })ublished. The answer to these,

however, is readily given in the fact that so much of the income up to

this time has been devoted to the building, and so many demands
have been made upon the Smithsonian funds for objects requiring

more immediate attention, that little could be done in tliis line ;
and,

besides, it is more important that the information should be reliable

than that it should be quickly published. The value of observations

of this character increases in a higher ratio than the time of their con-

tinuance, and^ therefore, what may be lost by delay is more than

compensated by the precision and value of the results.

The reduction of the meteorological observations has been continued

by Professor Coffin during the past year. He has completed the dis-

cussion of all the records for 1854, and those of 18.55 as far as they

have been sent in. The publication of these, however, in full, will

require a volume which, we trust, will be printed at the expense of

the general government, as an appendix to the Agricultural Report

of the Patent Office.

Important additions have lately been made to the physical geogra-

phy of the western portions of the United States, under the direction

of the Secretary of War, by the officers of the army engaged in the

explorations of the several routes for a railway to the Pacific. A
series of exact barometrical sections has been measured from the Mis-

sissippi river to the Pacific ocean. The elevations of the extended

plain which constitutes the base of the Rocky mountains and of the

parallel ridges have been determined. Temporary meteorological ob-

servations have also been made, which afford approximate data rela-

tive to the climate of this region.

The elevation and direction of the ridges which separate the valley

of the Mississippi from the Pacific ocean have a controlling influence

on the climate, particularly on the precipitation of the North Ameri-
can continent, and especially distinguish the storms of the Pacific

coa,st from those of the Atlantic States.

The additions which have been made to the physical geography

and natural history of this continent under the enlightened policy of

the Secretary of War, will be received with great interest by the scien-

tific men of Europe.
In studying the general physical i^henomena of the globe, the west-

ern half of the North American continent, in comparison with other

.
parts of the world, has been almost a blank. It is hoped, however,

that the spirit of inquiry that has been awakened and the enterprises
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wliicli have been commenced, and tlius far successfully prosecuted in

this line, will be continued, and will supply the desiderata which
have so long been felt. If all the military posts, or a selection which
might be made from them, were furnished with a full set of instru-

ments, and the observations made with due precision, results of the
highest interest to the man of science, as well as to the agriculturist,

the physician, and the engineer, would be obtained.

As first approximations tlie simple observations at the diiferent

posts, which have thus far been published, are acceptable additions

to knowledge; but whatever is worth doing at the expense and under
the direction of the general government, ought to be as well done as

the state of science and the circumstances under which the work is

commenced will admit.

A series of continued observations at a few. posts, made at each
hour during the twenty-four, similar to those carried on under the

direction of Major Mordecai, at the Frankford arsenal, would afford

materials of much interest for determining in the interior of the con-

tinent the hours of the day most suitable to be chosen for ascertaining

the mean temperature, and for reducing the observations made at

different times to the same hours, as well as for settling the time of

occurrence of the daily periodical changes of the atmosphere.
Besides the collection of meteorological materials relative to the

climate of the United States, the Institution has in its j)ossession an
extensive series of observations made in Texas and Mexico by Dr. Ber-
landier. These were placed at our disposal by Lieutenant Couch^ who
was favorably mentioned in the last report as having made a valuable
exploration a few years ago in the southern part of our continent.

Portions of this material will be published, from time to time, as an
appendix to the Smithsonian Contributions.

I am happy to state to the Board, that the Provincial Parliament
has made provision for the establishment of a system of meteorology
in Canada^ which will co-operate with that of the Institution. The
act is in the following words :

'
' Whereas it is desirable at all seminaries and places of education

to direct attention to natural phenomena, and to encourage habits of

observation ; and whereas a better knowledge of the climate and
meteorology of Canada will be serviceable to agricultural and other

pursuits, and be of value to scientific inquirers ; be it therefore en-

acted, that it shall be part of the duty of every county grammar
school to make the requisite observations for keeping," and to keep a
meteorological journal, embracing such observations, and kept accord-

ing to such form as shall from time to time be directed by the council

of public instruction
; and all such journals, or abstracts of them,

shall be presented annually by the chief superintendent of schools to

the governor-general, with his annual report.
" Every county grammar school shall be provided, at the expense

of the county, with the following instruments : One barometer, one
thermometer for the temperature of the air, one thermometer for

evaporation, one rain-gage, one wind-vane."

The Library,—More has been accomplished in the library during
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the past year than at any previous period. The books have heen pro-

visionally arranged according to subjects, and considerable progress

made in a full catalogue as well as in an index to the chronological

record of the daily reception of books as they are placed in the library.

The first part of a descriptive catalogue of the works received in ex-

change has been published, and the second part is now in process of

preparation. An extra number of the first part has been struck off,

and copies have been sent in the form of an appendix to the seventh

volume of Smithsonian Contributions to Knowledge, to all foreign

societies, in order that our deficiencies may be made known, and an

appeal made to our contributors for their supply. This list will also

be of much importance to persons engaged in original research in this

country, since it will give them, in a separate catalogue, a knowledge

of the rich collection of Transactions and proceedings of literary and

scientific societies in the possession of the Institution.

The value of a library is not to be estimated by the number of

volumes it contains, but by the character of the books of which it is

composed. It is the present intention of the Regents to render the

Smithsonian library the most extensive and perfect collection of Trans-

actions and scientific works in this country, and this it will be enabled

to accomplish by means of its exchanges, which will furnish it with

all the current journals and publications of societies, while the sep-

arate series may be completed in due time as opportunity and means

may offer. The Institution has already more complete sets of Trans-

actions of learned societies than are to be found in the oldest libraries

in the United States, and on this point we speak on the authority of

one of the first bibliographers of the day. This plan is in strict ac-

cordance with the general policy of the Institution, viz : to spend its

funds on objects which cannot as well be accomplished by other means,

and has commended itself to those who are well able to appreciate

its merits, and who are acquainted with the multiplicity of demands

made upon the limited income of the Smithsonian fund. In a letter,

after a visit to "Washington, the bibliographer before alluded to remarks

:

"My previous opinions as to the judiciousness of the system pur-

sued by the Smithsonian Institution, in every respect, were more than

confirmed. I hope you will not change in the least. Your exchanges

will give you the most important of all the modern scientific publica-

tions, and the older ones can be added as you find them necessary.

The library, I think, should be confined strictly to works of science."

A thorough examination has been made of the series of journals and

transactions of societies ; deficiencies have been noted, and, as far as

possible, supplied, and the whole placed in the hands of the binder.

This was considered indispensable for their preservation and use.

The separate parts are in danger of being lost or injured so long as

they remain in a pamphlet form. During the past year $2,043 have

been expended in the binding of 3,668 volumes. The entire west wing

of the building has been appropriated to the library, and three sides

of this large apartment are now occupied with books. By placing

two rows of cases, each of a double story, along the middle of the

room, the amount of shelf room may be tripled, and space may thus be

obtained sufiicient for the wants of the library for a number of years.
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It lias before been observed that the Smithsonian library is intended
to be a special one, as complete as possible in Transactions and all

works of science. There is now in the city of Washing^'on tlie large
miscellaneous library of Congress and a city library of ten thousand
volumes. Besides these, are the libraries of Georgetown College and
of the several executive departments^ and the invaluable collection of
"works i^ertaining to America, belonging to Peter Force, esq. The
latter, with commendable liberality on the part of its enlightened
owner, is open to the use of all who are engaged in research with
reference to the speciality to which it pertains ; and we trust that
means will be provided by the general government to secure this col-

lection in case of its ever being exposed to the danger of disj)ersion.

Washington is, therefore, better supplied with miscellaneous books
than any other city of the same size in the Union, and it can
scarcely be considered necessary, or even just, to expend any portion
of the income of the small fund intended for the good of mankind
generally, in duplicating collections already to be found in the same
city. Indeed it would be well if in every city of this country arrange-
ments could be made by which each library should aim to be as com-
plete as possible in certain branches ; and we are pleased to learn that
this policy has been adopted in the formation of tlie Astor library,

the superintendent of which, in purchasing the rare books which it

contains, having given a preference to such as were not to be found in
any other collection in the city of New York.
To assist in rendering available the several libraries of the country,

it has from the first been an object of the Institution to collect a com-
plete set of their catalogues, and it is believed it now possesses a more
extensive collection of this kind than is to be found elsewhere. Any
person desiring to ascertain where a book may be obtained, can in

most cases acquire the knowledge desired by addressing the Secretary
of the Smithsonian Institution. At the last session of Congress an
act was passed authorizing the transmission free of postage of articles

entered for copyright. The effect of this law has been to diminish
considerably the expense to which the Institution had been subjected
in receiving books of this kind. Still there is a class of books on
which postage is cliarged, namely, all those we receive in exchange
through the mail for our own publications, including the laws and
legislative documents of the several States. On the whole, the law
relative to the deposite of works intended for copyright has thus far

been of no real benefit ; for the expense of clerk-hire, certificates, and
shelf-room, would far exceed the value of all the books received in
this way. While-school books, works intended for cliildren, and the
lighter and more worthless publications of the day, are forwarded to

us, the larger and more valuable productions of the American press
are often withheld. The principal office of these books has been to

swell the number of volumes contained in the library, and in some
respects to satisfy those who desire a large number of books rather
than a choice collection. The process of cataloguing the library of
Congress, in accordance with the plan proposed by this Institution,

has been carried on under the direction of Professor Jillson, of Co-
lumbian College. The number of titles prepared is 15,885, with
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7,949 cross-references—the whole numher of volumes catalogued heing
32,98G. This number, according to Professor Jillson's rej)ort, em-
braces all the volumes wliich were in the library at tlio time the cata-

logue was commenced, with the exception of the law department, the

bound volumes of tracts, and some incomplete works. It also in-

cludes the additions made in the general library to chapters 1st, 2d,

3d^ and 4tli, previous to April, 1855, the additions to the different

chapters previous to the time they were catalogued, and at least on»-

half of the additions made during the past year. The whole amount
expended on the preparation of the 15,885 titles is $4,971 07, and
that of stereotyping about 4,000 titles, $2,974 91. This is exclusive

of the expense incurred by the Institution in making the experiments
on the stereotyping process, and the cost of the press, type, general

apparatus, fixtures, &c.

The appropriation made by Congress has been exhausted, excepting

|54 02.

3Iuseum.—The specimens of natural history which have been re-

ceived during the past year have been very numerous and of great

value, the number of distinct contributors amounting to 130. As in

former years, the most valuable additions liave been received from the
officers engaged in the various scientific expeditions of the govern-
ment. An illustration of the extent of our receipts during the year is

exhibif-pd in the fact, that the specimens of mammals alone amount
to 2,500.

The following is a general summary of the present state of the col-

lections : The number of jars containing specimens of mammals in

alcohol is 350: of birds, 39; of reptiles, 3^344; of fishes, 4,000; of

invertebrates, 1,158; of miscellaneous, 28; making a total of 9,171
jars. Most of these contain a number of specimens ; and there are

about 30 barrels and cans filled with other specimens, which have not
yet been assorted. There are also 1,200 prepared mammals, 4,425
birds, and 2,050 skulls and skeletons generally.

It is no part of the plan of the Institution to form a museum merely
to attract the attention and gratify the curiosity of the casual visitor

to the Smithsonian building, but it is the design to form complete col-

lections in certain branches, which may serve to facilitate the study
and increase the knowledge of natural history and geology.

Though the statement may excite surprise, yet I may assert, on the
authority of Professor Baird, corroborated by the opinion of others well

qualified to judge, that no collection of animals in the United States,

nor, indeed, in the world, can even now pretend to rival the richness

of the museum of the Smithsonian Institution in specimens which tend
to illustrate the natural history of the continent of North America.
Not only have representatives of animals of every part of the country

been obtained, to illustrate the entire American fauna, but also speci-

mens of the same animal, from different parts, have been procured, in

order to determine the geographical distribution of a species.

Of the vertebrate animals, there is scarcely a known species not al-

• ready in the collection, while of those which have not yet been criti-
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cally studied, there are probaHy a large number which have never

"been scientifically described.

These specimens have not, up to this time, been exhibited to the

public, for want of suitable cases, in the large room, to properly dis-

play them; but they are accessible to those who are pursuing original

investigations, during nearly the whole year. They have almost con-

stantly been used for this purpose, by a succession of individuals en-

gaged in the preparation of reports for the government, or the study

of particular branches of natural history.

It is a part of the plan to give encouragement and assistance to

original investigations, and persons who visit AVashington for the

purpose of studying the collection are furnished with all the facilities

which the Institution can afford, and these, in the specimens, instru-

ments, and the ample library of reference, are already such with re-

gard to certain branches as cannot elsewhere be obtained.

The use of the specimens is not confined to persons who visit

Washington, but, in accordance with the general policy of the In-

stitution, they are sent to individuals who are engaged in the study

of particular classes of animals, and with this view a large number

of duplicates are in almost every case obtained. A considerable por-

tion of the materials of the great work now in preparation by Agassiz

will be derived from this Institution, and it is considered an import-

ant part of the duty of the directors to induce persons to undertake

the study of special branches of natural history, and to afford them
the means of its successful prosecution. For example, one of the

researches of Dr. Leidy has been thus undertaken ; and Dr. Jeffries

Wyraan, of Cambridge, is now engaged in the study of the peculiar

character of tlie batrachian animals, and of the anatomical structure

of the undeveloped organ of sight of the blind fish of the mammoth
cave, and he has been supplied, for this purpose, with a large number

of specimens of each of these animals by the Institution. In most

cases of this kind the results of these investigations are published in

the Smithsonian Contributions ; though this is not strictly required,

it being considered sufficient that full credit be given for all that has

been contributed at the expense of the Institution.

The labor necessarily expended in unpacking, assorting, and label-

ling the specimens has been very great ; and when to this is added

the constant care required for the preservation of so many objects of

a perishable character, the cost of the maintenance of an extended

museum must be evident.

A large number of the specimens now in the museum have been

procured by the several expeditions under the general government
;

and as in but few cases an api)ropriation has been made for their

preservation, the expense of this has fiillen on the Institution.

For a detailed account of the present condition of the collections,

and the operations in the museum during the past year, I must refer

to Professor Baird's report, herewith transmitted. Besides the re-

searches mentioned, a number of explorations in natural history

have been undertaken. The most important of these is that of Cali-

fornia, by Mr. E. Samuels, under the patronage of this Institution and

the Boston Society of Natural History. He expects to remain on the
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Pacific coast about a year, and will doubtless secure nnraerons speci-

mens in all departments of natural history, and will devote himself

to completing such collections as are imperfectly re])resented by the

results of the various Pacific railway surveys. Mr. Samuels is also

charged, on the part of the Commissioner of Patents, with collecting

specimens of seeds of the trees, shrubs, and grains of the country. A
division of the expense, and the liberality of the Panama line, have

enabled this exploration to be instituted at a small cost to each of

the parties interested.

A small appropriation has also been made to assist in forming a

complete collection of specimens to illustrate the zoology of Illinois,

under the direction of Mr. LI. Kennicott.

Another exploration was made in the northern part of the State of

New York, during the past season, by Professor Baird.

The collections which have resulted from these expeditions, to-

gether with those from the Mexican boundary commission, and the

several railway surveys, will furnish important additions to the

natural history of the North American continent.

Lectures.—The interest in the lectures still continues, and the

large lecture- room during the past winter has frequently been filled,

to overflowing by an attentive and intelligent audience. The plan

has been adopted to give courses of lectures on special subjects^ inter-

spersed occasionally with single lectures, principally of a literary

character. Courses of lectures on a single subject, it is believed,

serve to convey more valuable and permanent instruction than a

number of separate lectures on different subjects. To impress a gene-

ral truth upon the mind, requires frequent repetition and a variety

of illustrations, and hence but little impression can be made with re-

ference to any subject involving scientific principles by a single dis-

course ; and the lecturer who appears but once, too often attempts to

interest his audience by the enunciation of vague generalizations or

by mere rhetorical display.

This is, however, not always the case, since, for example, a single

lecture may be given on the history of a discovery, or a brief analysis

of the life of a distinguished individual.

As a general rule, therefore, we consider a number of single lectures

by difi"erent persons, as of less value than a series on one subject by the

same person. The latter requires a more profound acquaintance with

the subject, and a greater amount of previous preparation. There
are many persons who might be able to give a single popular lecture

on some branch of knowledge, who would fail in attempting an ex-

tended course.

The following is a list of the lectures which were delivered during
the winters of 1854-'55 and 1855-'56.*

1854-'55.—One lecture by Prof. Elias Loomis, of New York :
" The

zone of small planets between Mars and Jupiter."

^- In order to complete tlie list for the winter of 1855-56, the lectures delivered after

the date of the report have been added.
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One lecture by Dr. D. Brainard, of Cliicago, Illinois, " On the

nature and cure of the bite of serpents, and the wounds of poisoned

arrows."
Four lectures by Hon. Geo. P. Marsh :

1st. "Constantinople and the Bosphorus."

2d. Do. do. do.

3d. "The Camel."
4th. "Environs of Constantinople.—Political and military import-

ance of the position of that Capital.—The reform system in Tur-

key."
One lecture by Dr. PiOBT. Baird : "History of the war between

Eussia and Turkey, with notices of those countries."

Nine lectures by Prof. Asa Gray, of Cambridge, Massachusetts,

" On Vegetation
:"

1. " Development from the seed and from buds, root, stem, and

leaves.

2. Aerial^ ephiphytic, and parasitic vegetation.

3. Morphology of branches.—Subterranean vegetation.—Adapta-

tion of bulb-bearing plants and the like to regions subject to^ a sea-

son of drought ; of forests and the like to regions of equable distribu-

tion of rain.—Anatomy and action of leaves.

4. How plants grow.—Anatomical structure.—Development from

the cell.—Gradation from plants of one cell to the completed type of

vegetation.

5. Wood.—The tree.—Life and duration of plants.—The individual

in its various senses.—The tree a community as well as an indi-

vidual.

6. How plants multiply in numbers.—The flower.

7. Fruit and seed.—Fertilization and the formation of the em-

bryo.—Reproduction in flowerless plants.

8. Movements and directions assumed by plants generally.—The

relations of vegetation to the sun.

9. Relations of vegetation to the sun continued.—The plant con-

sidered as the producer of food and a medium of force."

One lecture by Rev. J. S. Fletcher, on " Brazil."

Two lectures by Hon. Henry Barnard, of Connecticut: "Recent

educational movements in Great Britain."

Two lectures by Rev. E. A. Washburne :

1. "Confucius, or the Chinese mind."

2. "The Chinese war."

Two lectures by Prof. Joseph Lovering, of Cambridge, Massachu-

setts : "The progress of electricity."

One lecture by Oliver P. Baldwin, esq., of Richmond, Va.: "Na-
tional characteristics."

One lecture by Dr. W. F. Channing, of Boston: "The American

fire alarm telegraph."

Tbree lectures by Robert Russell, esq., of Scotland, on "Meteor-

ology."
1«55-' 56.—Three lectures by Prof. E. S. Snell, of Amherst Col-

lege, Massachusetts, on "Architecture;" and one lecture on "Plane-

tary motion and disturbances."
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Six lectures by Prof. 0. M. Mitchell, of Cincinnati, Ohio, on ''As-

tronomy."
One lecture by JonN C. Devereux, esq.^ of New York, on "The

popular influences of architecture."

Six lectures by Prof. George J. Cuace, of Brown University, Provi-

dence, Rhode Island, on " Chemistry applied to the arts."

One lecture by Prof. C. C. Felton, of Cambridge, Massachusetts,

on " Greece."
Five lectures by Rev. John Lord, of Connecticut, on the " Gran-

deur and fall of the French Bourbon monarchy."

From the foregoing statements, I trust it will be evident that the

Institution is realizing the reasonable expectations of its friends ; that

its funds are in a prosperous condition, and that, so long as the

present policy is maintained, it will continue to promote the advance

of knowledge, and thus carry out the cherished object of its founder.

Respectfully submitted

:

JOSEPH HENRY, Secretary/.

January, 1856.
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APPENDIX TO THE EEPOET OE THE SECPxETAEY.

Decembek 31, 1855.

Sir : I beg leave to present herewith a report for the year 1855, of

operations in such departments of the Smithsonian Institution as have
been intrusted by you to my care.

Ees^jectfully submitted:

SPENCER F. BATED,
Assistant Secretary Smitlisonian Institution.

Joseph Henry, LL. D.,

Secretary Smithsonian Institution.

I.—PUBLICATIONS.

The seventh volume of Smithsonian Contributions to Knowledge
was issued in July last and promptly distributed.

The octavo publications during the year have been confined tp the

ninth annual report, of 464 pages.

The eighth volume of Smithsonian Contributions is in an active state

of forwardness, and will soon be ready for delivery.

II.—EXCHANGES.

a—Foreign Exchanges.

Owing to unavoidable delay in printing the seventh volume, the
packages for foreign distribution could not be made up until the mid-
dle of July. By the end of the month, however, they were all sent

off, and by October had safely reached the hands of the agents of

distribution. As in past years, most of the active scientific and lit-

erary institutions of America embraced the 02)portunity to transmit
their exchanges.

The returns, during 1855 have been very valuable, considerably ex-

ceeding those of any previous year, excepting so far as relates to maps
and charts. Even here, however, the decrease is more apparent than
real, as several extensive series have been received, bound into vol-

umes instead of being in loose sheets, as is frequently the case. The
particulars of these returns are presented in the following tables

:

A.

Table exhibiting the number of pieces received in exchange during 1855.

Volumes—folio 87
" quarto 233
" octavo 717

1,037
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Parts of volumes and pamphlets—folio... 41
" " " " quarto. 239
" " " '' octavo. 1,427

1,707

Maps and engravings 2G

Total 2,770

'

" By comparison Avith the table of last year, it will be seen that there

has been an increase in the receipts, by 111 volumes and 239 parts of

volumes and pamplilets.

The number of donations for 1855 amounts to 1,779 ; that for 1854
to 806.

The list of receipts for other parties during the year exhibits a

large increase over that of 1854, both in the number of packages and
of addresses. Thus

—

In 1855 were received 1,445 packages to 44 addresses.

In 1854 were received 987 packages to 36 addresses.

Diiference 458

The Institution is indebted for aid in expediting its parcels to Mr.

Zimmerman, consul-general of the Netherlands ; to Dr. Henry Wheat-
land, of Salem ; to Lieutenant J. M. Grilliss, U. S. Navy ; to the

American Board of Commissioners for Foreign Missions, and to the

Board of Missions of the Presbyterian church.

The following tables exhibit the chief statistics respecting the for-

eign exchanges for the year. To table B should be added two boxes

of books sent in December to Chile, and one to London, consisting

chiefly of copies of the report on Chile, made by Lieutenant Gilliss.
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B.

Table slioioing the amount of printed matter sent abroad by the SmitJi-

sonian Institution in July, 1855.



TUE SMITHSONIAN INSTITUTION. 39

C.

Table of 'packages received in 1855 from American institutions for dis-

tribution abroad.

Boston—
American Academy of Arts and Sciences 14o

Natural History Society ^9

Cambridge—
Observatory Harvard College 124

Botanic Garden 1 ^

New Haven—
American Journal Science ^^

Albany—
New York State Library 5

New York State Agricultural Society 1

New York— ^
, ^

American Geographical and Statistical Society ^50

Philadelphia—
American Philosophical Society 28

Philadelphia Academy of Natural Sciences 91

Philadelphia College of Pharmacy 1

Pennsylvania Institute for Blind 48

Historical Society of Pennsylvania 1

Washington—
SecretarV of War "

United States Patent Office 200

Bureau of Ordnance and Hydrography < 8

United States Naval Astronomical Expedition 20

Columbus, Ohio—
Ohio State Board of Agriculture 126

Detroit—
Michigan State Agricultural Society 47

New Orleans—
New Orleans Academy of Natural Sciences 200

San Francisco—
Califoi nia Academy of Natural Sciences 46

Geological Survey of California 128

Santiago, Chile—
University of Chile 147

Observatory of Santiago 34

Various individuals °°^

Total 2,712
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Table of packages received from Europe for distribution to various
societies in America.

Canada—
Various institutions 7

Boston—
American Academy of Arts and Sciences 74
Natural History Society 20
Bowdi tell Library. 13

Cambridge—
Obser v^atory 26
Botanic Garden 41
Harvard University 39
Astronomical Journal 28
American Association for Advancement of Science 6

Worcester—
American Antiquarian Society 6

New Haveii—
American Journal of Science 36
American Oriental Society 7

Providence—
Brown University 10

Albany—
Albany Institute 17
New York State Library 27
State Agricultural Society 1

New York—
Lyceum of Natural History 23
American Ethnological Society 1
Geographical and Statistical Society 5
American Institute 13
A stor Library 15

West Point—
United States Military Academy 2

PJiiladelphia—
American Philosophical Society 72
Academy of Natural Sciences 45
Franklin Institute 17*
Geological Survey of Pennsylvania 3

Washington—
President of the United States 1
United States Patent Office 23
Congress Library 15
United States and Mexican Boundary Survey 1
United States Coast Survey 33
National Observatory 38
National Institute 26
Commissioner of Indian Affairs 1
United States Naval Astronomical Expedition 19
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Georgetoiuoi, I). C.—
Georgetown College -^^

Cincinnati—
Observatory ^ -"

Columbus—
Ohio State Agricultural Society 2

Detroit—
Micliigan State Agricultural Society o

Anil Arhor—
Observatory ^

Ifadison—
Wisconsin State Agricultural Society

^J>

Colleges in different places • ' ^^'

Various State Libraries 28

Miscellaneous societies and individuals --••• 508

Total 1^445

By reference to the preceding ta'bles, it will be seen that the Insti-

tution acts as agent not only ibr parties in the United States and

Canada, but also for the University and Observatory of Chile.

The facilities for conducting the Smithsonian exchanges have been

greatly increased by the liberal act of the mail line of steamships to

California via Panama, in carrying, without charge, its parcels for

the west coast of America. The line of steamers to Bremen has also

granted the same privilege. Messrs. Oelrichs & Lurman, of Balti-

more, as in previous years, have marked their sense of the value of

the operations of the Institution by making no cliarge whatever for

their agency in shipping from Baltimore the large number of boxes

sent to Bremen, and in receiving and forwarding others from that

port.

h—Domestic Exchanges.

The copies of volume VII of Smithsonian Contributions were dis-

tributed promptly through the following agents, whose services, as

heretofore, have been given without charge : Dr. T. M. Brewer, Bos-

ton ; George T. Putnam & Co., New York; J. B. Lippincott & Co.,

Philadelphia; John Russell, Charleston; B.M.Norman, New Or-

leans ; Dr. George Engelmann, St. Louis ; H. W. Derby, Cincinnati

;

and Jewett, Proctor & AVorthington, Cleveland.

Nearly all the parties to whom copies were addressed have already

returned acknowledgments to the Institution.

A few copies of volumes IV and V of the History, Condition, and

Prospects of the Indian Tribes of the United States have been dis-

tributed in behalf of the Commissioner of Indian Affairs.

IIL—MUSEUM.

A

—

Increase of the Museum.

The year 1854 was a marked one in the history of the Institution,

on account of the magnitude and intrinsic value of the collections re-
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ceived. These were mainly from the survey for marking the boundary
between the United States and Mexico, and those for a practical rail-

road route to the Pacific, from the North Pacific exploring expedition
under Captain Piinggold, and the expedition to the Parana and its

tributaries under Captain Page, from the exploration"of the coast of
California by Lieutenant Trowbridge, and many others, enumerated
in detail in the last report. It was supposed that, with the return of
most of these expeditions, and the diminution in extent of the field

of labor, the receipts during the year 1855 would show a considerable
falling off. This, however, has by no means been the case

; on the
contrary, the additions have not only been greater in number, but of
even greater interest, many new regions having been almost ex-
hausted of their scientific novelties. The following table will illus-

trate the difference in the receipts for the tv/o years :

1854. 1855.
Number of kegs and barrels received 35 26

Do. cans 26 18
Do. jars 175 187
Do. boxes 91 148
Do. bales — 7
Do. packages 32 79
Do. cabinets — 2

Total of pieces 362 467

Distinct donations 130 229

The entire number of different contributors during 1855 has ex-
ceeded 130. There has been a considerable decrease in 1855 in the
number of fishes and reptiles received, owing to the fact that full

collections have been made in previous years at many points, which
thus became exhausted as far as contributions of desirable specimens
were concerned. In the department of mammals, however, the in-

crease over previous years has been very marked, in consequence of a
circular which you issued early in the year calling attention to the
subject. The number of specimens received, preserved either in alco-

hol or as dry skins, amounted nearly to 2,500, an aggregate which
few museums in the world can probably give, as received in the same
space of time.

As in 1854, the most important of the collections received, whether
their extent or novelty be considered, were made and sent home by
the government exploring expeditions, as follows :

a—THE MEXICAN BOUNDARY LINE.

Survey of the boundary between the United States and Mexico—Major
W. H. Emory, U.S. A., commissioner.—In the last annual report, atten-

tion was called to the fact that the active survey of this line had been
resumed, for the purpose of accurately marking the new portion of the

United States boundary, acquired by the G-adsden treaty. The part}'-

of the Commissioner left Washington in September for the field of
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operation, and got back to San Antonio in one year, after running a

boundary line of seven hundred miles in length. Operations were
commenced simultaneously at both extremities of the line, Major
Emory himself taking charge of the eastern end, and intrusting the

western to Lieutenant Michler.

As in all previous surveys of the Mexican ])oundary line, much at-

tention was jiaid to the collection of facts and specimens illustrating

the Natural History of the region traversed, and very full series of the

animals, plants, minerals, and fossils, were secured % the gentlemen
specially charged with this duty—namely, Dr. C. B. Kennerly, sur-

geon of the expedition ; Captain E. K. Smith, commander of the
escort ; and Arthur Schott, esq., assistant to Lieutenant Michler.

The collections thus made, at the close of the field labors of the

Boundary Survey, were in no respect inferior to the preceding ones,

and formed an appropriate winding up of the natural-history opera-

tions of a great work. The pioneer of all those government explora-

tions which have yielded such important fruits to natural science,

traversino; hundreds of miles previously unvisited by the naturalist,

and ])rovided with a scientific outfit devised expressly for it, and well-

tested previously to its adoption by other parties, the Mexican Bound-
ary Survey has imperishably identified itself with the history of the

progress of science in the collecting of perhaps a larger number of

new species of North American animals and plants than any one
party ever gathered before, or will again.

h.—REGIONS WEST OF THE MISSOURI.

Exploration of northern route for Pacific railroad, under Governor
I. I. Stevens.—The rich results of explorations along this line have
already been adverted to. The naturalists of the expedition—Dr.
George Suckley and Dr. J. G. Cooper—after the expiration of their

connection with the survey in 1854, continued making collections of
facts and specimens at their own expense, and added much to their

previous acquisitions. The numerous specimens gathered by Dr.
Cooper, principally at Shoalwater bay and near San Francisco, have
not yet been all received : those of Dr. Suckley, made at the Dalles,
Fort Steilacoom, and in various portions of Oregon, have arrived, and
are of the first importance. They are especially rich in mammalia,
and will again be referred to.

Exploration of California hy Lieut. Williamson.—Lieut. William-
son, after completing the report of his survey of 1853, was sent out
again in May last to examine the region along the Cascade range of
mountains in California and Oregon, for the purpose of discovering,
if possible, a j)racticable pass through these rugged mountains. His
labors were completed in November, and in December Dr. J. S. New-
berry, geologist and naturalist of the party, arrived in Washington
with the rich fruits of his labors, consisting of full collections in all

departments of natural history. In mammals this collection is espe-
cially ample, containing among others many of the larger species, as
bears, deer, &c., not previously secured by any expedition. Facts of
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the greatest interest in the geographical distribution of manj^ forms
were obtained, especially in determining the existence west of the
Cascade mountains of the genera Coregorius, Siredon and Scaphiopus.

Dr. Newberry brought with him a donation to the Institution by
Dr. W. 0. Ayres^ of San Francisco, of a series of types of his new
species of California fishes, which will prove of very great value for

comparison.

The exploration under Lieut. J. G. Parhe in California has also re-

turned to Washington with important collections, mainly in geology
and botany, made by Dr. Antisell. The expedition under Capt. Pope,
for the purpose of testing the question of artesian boring on the plains,
is still in the field, where Capt. Pope is engaged in continuing the nat-
ural history explorations commenced by him in previous expeditions.
No specimens have, however, been received from him during the year.

Survey in Texas of Capt. R. B. 31arcy.—The collections made by
Dr. Shumard during this survey, referred to in 1854, were not received
until the present year, having been detained for many months at Fort
Smith by low water in the Arkansas. They consist of many interest-

ing specimens of vertebrates, insects, and plants, with full series of
the minerals and fossils of that region.

Collections made by Dr. Anderson, U. S. A., at Fort McKavit,
Texas^ have served to illustrate still further the zoology of this State.

Lieut. W. P. Trowbridge.—The researches of Lieut. W. P. Trow-
bridge, U. S. Engineers, superintendent on the Pacific coast of the
tidal stations of the U. S. Coast Survey, have been vigorously con-
tinued since last year, as shown by the record of his donations, con-
sisting of many specimens of vertebrates and invertebrates from dif-

ferent points, as Cape Flattery, Astoria, San Francisco, the Faral-
lones, and San Diego. No one explorer, unaided by government
resources, has done so much in the way of collections in American
zoology as Lieut. Trowbridge accomplished by his own personal labor,
assisted by Messrs. James Wayne, T. A. Szabo, and Andrew Cas-
sidy, tidal observers under his command. It is thus that the oper-
ations of the Coast Survey, under the liberal countenance of its chief,

have tended to advance the knowledge of the natural history of our
coast to a degree only second to that of its physical features.

To Richard D. Cutts, esq., in charge of a surveying party of the
Coast Survey, the Institution is indebted for specimens of the mam-
mals, birds, reptiles, and fishes of California, of rare excellence of
preservation and scientific interest.

Another exploration made by a party of the U. S. Coast Survey
was conducted by Mr. Grustavus Wiirdemann, in continuation of former
efforts of similar character on the coasts of Louisiana and Texas. Mr.
Wtirdemann's operations were carried on at Indian river, Florida, on
the St. John, and on the coasts of Georgia and South Carolina, at
which places he gathered many interesting specimens of animals.

Dr. J. F. Hammond, U. S. A., stationed at Fort Reading, sent in

some valuable collections from that part of California. Specimens
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from Fort Yuma were presented by Major Gr. S. Thomas, Lieut. Pat-

terson, and Dr. K. P. Abbott, of the U. S. army.

Geological Survey of Orego7i.—A large number of boxes of minerals

and fossils have been received from Dr. J. Evans, now occui)ied in

the geological survey of Oregon. To these vy^ere added a number of

specimens of the mammals and birds of Oregon, as well as some still

more valuable from the region of the Upper Missouri.

Explorations on the Mismuri.—The explorations on the Upper Mis-

souri and Yellowstone, by Dr. F. V. Hayden, in connexion with

Col. Vaughan, Indian agent, Mr. Alex. Culbertson, and Mr. Chou-

teau, continue to yield results of much importance. Large collections

of fossils, minerals, mammals, birds, insects, and plants, have been

made and sent in.

Dr. Hayden has revisited the Mauvaises Torres of White river

during the year, and ])rocured some forms of fossil mammals not pre-

viously discovered. The Mauvaises Torres of the Blackfeet country

have also furnished him a rich harvest. His geological collections

now amount to nearly six tons in weight.

The expedition of United States troops under Gen. Harney against

the Sioux has also resulted in the collecting of many specimens of

fossil mammals and reptiles in the Mauvaises Torres. Most of these

will probably go to enrich the cabinet of the U. S. Military Academy
at West Point.

A valuable series of specimens, made at Fort Benton, oa the Upper
Missouri, by Mr. Harvey, was received during the summer, and serves

to complete the collections in the same vicinity by Dr. Geo. Suckley.

Exploration of Mr. Samuels.—The exploration of California by Mr.

E. Samuels, under the patronage of the Smitlisonian Institution, the

Boston Society of Natural History, and the United States mail line

to California— consisting of the tjnited States Mail Steamship Com-
pany, (M. 0. Roberts, esq., president,) the Panama Railroad Company,
(David Headly, president,) and the Pacific Steamship Company, (Mr.

Aspinwall, president)—promises to do much towards the development
of the natural history of that State. Mr. Samuels left New York on

the 5th of November, and by last advices had arrived in San Fran-

cisco. He expects to remain in California about a year, and will secure

numerous specimens in all departments of natural history, devoting

particular attention to completing such collections as are imperfectly

represented in the results of tlie various Pacific railroad surveys. The
above-mentioned companies have, in the most liberal spirit, granted

free passage to Mr. Samuels and his collections, besides adding other

facilities, thereby reducing materially the expenses of the work.
The California Express Company of Messrs. Wells, Fargo, & Co.,

and J. M. Freeman & Co., at the suggestion of officers of the Panama
line, have instructed their agents in California to render Mr. Samuels
all the aid in their power.
In addition to his other collections, Mr. Samuels is specially charged

by the Commissioner of Patents with securing seeds of the trees and
shrubs of California for distribution throughout the country.
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C—REGIONS EAST OF THE MISSOURI.

In anticipation of the great fair in Chicago of the Illinois State

Agricultural Society, it was proposed to secure and exhibit full col-

lections of the natural history of the State on that occasion. Accord-
ingly, Mr. Robert Kennicott was selected by the society to travel

throughout Illinois, especially along the lines of the Illinois Central
railroad, and not only to make collections himself, but to instruct the
employes of the railroad company and others, so as to enable them to

assist in the work. Aided by a small appropriation by the Institu-

tion, in addition to the facilities furnished by the society and the rail-

road company, Mr. Kennicott collected in a few months the finest

cabinet of Illinois specimens ever brought together. This collection

constituted one of the most striking features of the fair, and after the
latter was closed was in great part forwarded to the Smithsonian In-

stitution. It is much to be regretted that a very large and valuable
collection of living reptiles of Illinois, transmitted by Mr. Kennicott,
should have been destroyed throTigh a misunderstanding with the ex-
press company. To Mr. Kennicott is due the praise of having been
the first to enter on a systematic zoological exploration of Illinois.

Thanks to his efforts, we have few States better, or even so well, repre-

sented in our cabinet. In this labor he has been worthily seconded
in the more southern portions of the State by Mr. William J. Shaw,*
from whom many valuable collections, especially of insects, have
already been received.

In company with William A. Henry, esq., I visited the wild regions
of northern New York, for the purpose of studying the habits, and
collecting specimens, of the mammals inliabiting it. With the assist-

ance of Mr. M. Baker, of Saranac Lake, we succeeded very well in ac-

complishing our object.

Mr. Henry and myself also visited the region along the St. Law-
rence, and made some interesting collections, aided by Mr. E. A. Day-
ton, of Madrid, and Mr. W. E. Guest, of Ogdensburg.

d—MEXICO.

Two very important additions to our collection of specimens, illus-

trating the natural history of Mexico, have been received during the
year. The first consists of a series of types of Mexican serpents as

described in the Erpetologie generale of Messrs. Dumeril and Bitoron,
and presented by the Jardin des Plantes, of Paris, through the agency
of the Messrs. Dumeril. The other collection was forwarded by John
Potts, esq., and contains specimens of reptiles, fishes, birds, and mam-
mals, made in central and northern Mexico, and all in the highest
state of preservation. Some of the specimens were received by Mr.
Potts for the Institution from Mr. Schleiden. Additional collections

from Mexico are earnestly desired, as serving to determine more accu-

rately the nature and geographical distribution of North American

* Since writing the above, intelligence has been received of the death of Mr. Shaw.
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animals. Thanks to the disinterested zeal of Mr. D. N. Couch, for-

merly of the United Slates army, we already possess, in the rich col-

lections made by himself and Dr. Berlandier, very full series from many
provinces of northern Mexico, as Tamaulipas, Coahuila, New Leon,

Durango, &c. The fruits of the travels of Dr. Thos. Webb, in the

more western portions of northern Mexico, are also of very great value.

The vicinity of the city of Mexico is probably the point where the

Mexican specimens of most interest are to be derived.

e—SOUTH AMERICA AND THE REST OF THE WORLD.

Survey of North Pacific and China seas, under Commander John

Rodgers, United States Navy.—The collections made by this naval ex-

ploring expedition, while first in charge of Captain Ringgold, and

subsequently of Captain Rodgers during 1854 and part of 1855, have^

been received in good order, and consist of many boxes and kegs of

specimens in zoology and botany, collected chiefly by Messrs. \Vm.

Stimpson and Charles Wright, naturalists to the survey.
_

These

specimens are principally from the South Pacific and the China seas.

Collections of very great interest were made during the past spring

and summer about Japan, Kamschatka, and in and along Behring's

straits, and subsequently on the coast of California.

The Japan Expedition, under Commodore Perry, was also the means

of adding some fine collections of birds, reptiles, and shells to the

zoological treasures of the country.

From Dr. James Morrow, agriculturist to the expedition, has been

received a number of jars filled with reptiles and fishes of Japan, em-

bracing several novelties in science.

Exploration of the Parana, under Captain T. J. Page, United States

Navy.—This expedition has continued its important agency in devel-

oping the natural history resources ot^ Paraguay, by sending home
many specimens of the mammals, birds, reptiles, fishes, invertebrates,

plants, minerals, &c. These, with previous collections-from the same

source, constitute the most important series of South American ani-

mals, especially of the reptiles and fishes, ever brought to the United

States.

Arctic Expedition of Dr. Kane, United States Navy.—Dm'mg the re-

cent voyage of Dr. Kane along the west coast of Greenland, many col-

lections in natural history were obtained. It became unfortunately

necessary to abandon them, however, after the vessel became frozen

up, and "the party was obliged to return in sledges.

/—GENERAL STATEMENTS OF ADDITIONS.

I shall now proceed to discuss briefly the more important contribu-

tions to the museum during the past year, referring for particulars to

the general list of donations.

Mammals.—The most marked increase during the year has been in



48 TENTH ANNUAL REPORT OF

the collection of mammals, of wliicli aLout 2,500 specimens were re-

ceived. Much the larger number of these, as might be expected, con-

sisted of very small S})ecies, as of Arvicola, Sorex, Hesperomys, &c.,

although many of the larger kinds, as bears, deer, wolves, foxes, &c.,

are included. Most of the specimens were preserved entire in alcohol,

affording means of anatomical as well as zoological research. About
eight hundred skins have been registered as received or prepared in

the Institution. The additions to tliis departr^ient have been from all

parts of the world, including an interesting collection of English
species from Sir W. Jardine.

One of the most important contributions to the geographical collec-

tions of the institution has been the series of mammals of eastern

Massachusetts, received from Mr. J. W. P. Jenks, of Middleboro.

Large numbers of all the species from about Middleboro have been
collected and forwarded by Mr. Jenks, amounting to over eight hun-
dred specimens, and with the result of adding several species to those

known to inhabit the State.

Another collection of mammals of nearly equal extent, but of less

variety of species, was made in Clarke county, Virginia, at the instance

of Dr. Kennerly, by Mr. John A. Kniesley. This also contains some
rare species. Others were received from Mr. Bridges, in North Caro-

lina. The Eev. M. A. Curtis, of South Carolina, aided by his sons,

has also I'uruished the largest number of mammals, both specimens
and species, ever received from the southern States.

Birds.—Of birds, several thousand specimens have been received

;

the most important from the west coast of America. The principal

extra limital collections were from the expeditions of Captain Ring-
gold, Captain Rodgers, Commodore Perry, Captain Page, and Lieut,

Gilliss. Mr. Naffer presented some very rare species from the Phil-

ippine Islands ; and Dr. Tolmie a series of skulls of birds of the

Pacific ocean, as penguins, cormorants, &c.

Reiotiles.—Many interesting collections of rejitiles have been re-

ceived from different portions of North America and Mexico, as well

as from other parts of the world. Among the species collected in

Japan by Commodore Perry is a specimen of the Flestiodon, supposed

by authors to be identical with a North American lizard, (P. quinqui-

lineatus.) The collection of types of Mexican species from the Jardin

dcs Plantes has already been referred to.

Fishes.—The number of fishes received has been less than in pre-

vious years, although by no means deficient in interest. Those from
west of the Rocky mountains were mostly made by the government
expeditions, as also by Lieutenant Trowbridge, Dr. Ayres, Dr. J. F.

Hammond, Dr. Cooper, Dr. Suckley, Mr. Cutts^ &c. The most im-

portant of the eastern were a collection from tlie Tortugas, made by
Lieutenant H. G. Wright^ U. S. Navy, assisted by Dr. White-
luirst, and one from the Maumee river, by Mr. George Clark. Some
Cuban fishes were presented by Professor F. Poey, of Havana, and
some South American, by Thomas Rainey, esq., United States consul.
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Invertebra fes.—The principal addition to the series of invertelarata,

not yet mentioned, consists of two laro;e cabinets, containing the valu-

able and extensive collection of shells belonging to General Totten,

and deposited, by him. Such a collection has been much needed in

the Institution for purposes of comparison.

Plants.—A series of the plants of the Berlandier collection, selected,

by Dr. Grra}'', was presented by Dr. Short, of Louisville. By s])ecial

request of Lieutenant Couch, Mr. Ervendberg forwarded a collection,

from Ooraal county, Texas, and Dr. Glisan one from Fort Arbuckle.

Seeds of a valuable Texan grass were received from Major Carleton.

Fossils and Ifinerals.—The very valuable collection of minerals and
fossils collected in the Lake Superior mining region by Messrs. Foster

and Whitney, and illustrating their government report, has been re-

ceived during the year, and with the other government geological

collections, previously secured, furnish rich material for representing

the geological features of the country. The Oregon collections of Dr.

Evans have been already mentioned.

A collection of Niagara fossils and minerals was received from

Thomas Barnett, esq.

Miscellaneous.—A fine specimen of the Australian Boomerang, and
other articles, were received from Mr. Carrington Raymond, of New
York. From Mr. N. Triibner were obtained two sets of microscopic

slides: one containirg illustrations of organic tissues and organs; the

other constituting a complete system of entomology, in numerous
moimted preparations, showing the family characteristics of the prin-

cipal orders of insects.

Living Animals.—Among the additions to the museum during the

past year have been quite a number of living animals, some of them
species of great rarity, or else but seldom seen out of their native lo-

calities.

These have answered an excellent purpose in serving as models for

drawings by the various artists engaged in figuring the collections of

the different surveying and exploring expeditions.

Although the institution is, of itself, unable to provide suitable ac-

commodations for the larger mammals and birds, it is fortunate in

the zealous co-operation of Dr. Nichols, the superintendent of the

United States Lisane Asylum, who cheerfully receives any specimens

sent him, and gives them every attention which they may require.

As a source of harmless amusement and mental diversion to the pa-

tients of an insane asylum, a collection of living animals has no equals

and it is much to be desired that the number at the Washington asylum
may be materially increased.

The most conspicuous addition to the menagerie of the institution is

a huge grizzly bear, {Ursus ferox,) received in July. It was caught
in 1853, while quite young, by Dr. John Evans, United States geol-

ogist, during his overland journey to Oregon, and sent to Mr. Hen-
dricks, in Indiana, by whom, after two years' time, it was forwarded
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to Washington. It is now a little more than two and a half years'

old, and has already attained a large size, weighing probably five or

six hundred pounds.

Dr. Evans has also forwarded, through D. D. Owen, two living

wild cats, {Lynx riifus,) from the Upper Missouri. One of these died

last S])ring ; the other still survives.

A fine specimen of the American antelope (Antelope americana)

was presented by Dr. W. W. Anderson, of South Carolina, and was, as

far as I can learn, the first living one brought to the Atlantic States,

although the species is very common on the Western plains. It was

taken in the vicinity of Fort McKavit, when quite young, by Dr. W,
W. Anderson, U. S. A., together with a Virginia deer, (Cerims vir~

ginianus,) likewise presented to the Institution. The antelope, unfor-

tunately, died from some unknown cause; some months ago; the deer

is still in good health.

Among the small quadrupeds, received alive, of most interest is a

epecimen of the grey gopher, {SpermopMlus franMinii,) presented by
Robert Kennicott, esq. This species is an inhabitant of the prairies

of Illinois, Iowa, and Wisconsin, and probably of Minnesota, and the

plains north of it. In some of its habits, it is not dissimilar to the

prairie dog, (Cyiiomys ludovicianus .) Several squirrels, {Tamias
americana, Sciurus migratorius, d:c.,) together with some wild mice

and moles, have also been received from various sources. A living

racoon has also been received from California.

A pair of young roseate spoonbills, {Platalea Ajaja,) caught in

Plorida, was presented by Mr. Wiirdemann.
Very large numbers of living serpents, embracing many rare species,

have been received from different regions ; much the greater number,
however, from Illinois, where they were collected by Mr. Kennicott,

Others were presented by Mr. Sergeant^ Mr. Kirkpatrick, &c. A
portion of the specimens from Illinois were sent to the Jardin des

Plantes, in charge of Mr. J. H. Richard, but were wantonly thrown
over-board during the passage by a young American, to the profound

regret of this Institution, and of the administrators of fhe Paris

Museum d'Histoire Naturelle. A second collection, duplicate of the

first, sent by Mr. Kennicott, was destroyed by the Express Company,
to whose charge it was commited in Chicago. A long time will pro-

bably elapse before some of the species can be replaced.

Some interesting species of living frogs, salamanders, &c., have
also been received, together with a considerable number of turtles.

In view of the very great number and extent of donations to the

museum in 1855, as well as of the limited space allotted to me, it is

clearly impossible to mention here in detail any but the most import-

ant, and even some of these must be omitted. As an index, how-
ever, to the alphabetical list of donations herewith presented, I have

prepared the following tables—the first, showing the principal addi-

tions by States ; in the second, the arrangement is by systematic clas-

sification :

I.

—

Geographical Index to Specimens received.

Washington and Oregon.—Andrews, Cooper, Evans, Tolmie, Suckley,



THE SMITHSONIAN INSTITUTION. 51

California.—Abbott, Ayres, Baird, Campbell, Cooper, Cutis, Ham-
mond, Newberry, Patterson, Taylor, Thomas, Trowbridge,

Williamson.

Southern Boundary.—United States and Mexican Boundary Commis-

sion.

Texas,—Anderson, Carleton, Ervendberg.

Louisiana.—Andrews.
Arkansas and Indian Territory.—Glisan, Marcy, Shumard.

Missouri.—Engelmann, Hilgard, Shumard.

Kansas.—Couch, Hammond.
Nebraska.—Evans, Harvey, Hayden, Vaughan.

loiua.—Moore, Stevens.

Wisconsin.—Barry, Child, Hoy, Kumlien.

Lake Superior.—Agassiz, Foster, Whitney.

lUhwis.—Kennicott, Sergeant, Shaw.

Ohio,—Clark, Kirtland, Kirkpatrick, Lesquereux, Wormley.
Kentucky.—Grant.

Tennessee.—Means.
Alabama.—Pybas.

Mississippi.—Robinson , Spillman

.

i^^onWa.—Casey, Whitehurst, Wright, Wiirdemann,

Georgia.—Lecontc, Neisler, Postell.

South Carolina.—Anderson, Barratt, Curtis, Morrow, Pvavenel, Weston.

North Carolina.—Bridger, Dewey, Erwin, Fitzgerald.

Virginia.—Goldsboro, Kniesley, McDonald, Palmer, Robertson.

District of Columbia.—Biown ^ Dougal, Herder, Johnson, Nichols.

Maryland.—Bowers,

Pennsylvania.—Patton.

New York.—Baird, Davis, DaytoHj Hall, Howell^ Lawrence, Oakley,

Ward, Welsh,
Connecticut

.

—Plumb.
Vermont.—Thompson.
Massachusetts.—Agassiz, Brewer, Jenks, Wyman.
British Provinces —Barnett, Bell, Dawson, Montreal Natural History

Society, Wyman.
Cuba,—Poey.
Mexico.—Jardin des Plantes, Potts.

South America.—Gilliss, Nichols, Page, Rainey,

Europe.—Clark, Easter, Jardine, Karsten, Sturm.

China, Japan., and South Pacific Ocean,—Agassiz, GiiKck, Morrow-,

Ringgold, Rodgers.

East Indies.—Nappe r.

Australia .—Raymoud

.

II.

—

Systematic Index to Specimens eeceiyed.

31ammals.—Agassiz, Anderson, Ayres, Baird, Barratt, Barry,

Brewer, Bridger, Brown, Campbell, Child, Clarke, Cooper, Couch,
Curtis, Cutts, Davis, Dawson, Dougal, Engelmann, Evans, Hale,
Hammond, Howell, Hoy, Jardine, Jenks, Kennicott, Kniesley, Kirt-

land, Kumlien, Lawrence, Leconte, Montreal Natural History So-
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ciety, Moore, Morrow, Nichols, Shaw, Stevens, Sturm, Siicldey,T]iomp-

son, Trowbridge, Yaughan & Hayden, Tuley, Welsh, Wiirdemann,

Wyman.

_BiV(fs._Bowers, Couch, Curtis, Cutts, Davis, Fitzgerald, Gulick,

Johnson, Kennicott, Napper, Postell, Pyhas, Shaw, Sturm, Suckley,

Tolmie, Trowbridge, Vaughau & Hayden, Wiirdenaann.

Jleptiles.—Ahhott, Andrews, Anderson, Baird, Bridger, Curtis,

Cutts, Easter, Engelmann, Evans, Fitzgerald, Goldsboro, Hammond,
Howell, Jardin des Plantes, Kennicott, Kirkpatrick, Kirtland, Les-

quereux. Palmer, Patterson, Postell, Pybas, Sergeant, Shumard,

Spillman, Suckley, Trowbridge, Vaughan & Hayden, Ward, Weston,

Wormley, Wiirdemann, Wyman.

FisJies.—Agassiz, Anderson, Baird, Casey, Clark, Cutts, Dayton,

Evans, Grant, Hammond, Howell, Kennicott, Means, Poey, Pvainey,

Shumard, Spillman, Suckley, Trowbridge, Vaughan & Hayden, Wes-

ton, Wormley, Wright, Wurdemann, Wyman.

Invertehrates.—Burratt, Easter, Engelmann, Hammond, Lewis,

Neisler, Ravenel, Shaw, Totten, Trowbridge, Wilson, Wright.

Plants.—Carleton, Eversfield, Glisan, Hilgard, Short.

Fossils and 31inerals.—Andrews, Barnet, Dewey, Erwin, Foreman,

Karsten, Oakley, Pybas, Ravenel, Spillman, Thomas, Vaughan &
Hayden.

Miscellaneous.—Raymond, Ringgold, Triibner.

B

—

WorJc done in iJie Museum,

Owing \o the very great number of specimens received weekly at

the Institution, the labor involved in unpacking, assorting, and la-

belling, has been very onerous, considerably greater than in 1854,

No arrears, however, have been suffered to accumulate, every collec-

tion on its arrival being promptly entered on the books of registry,

and appropriately ticketed, with date, locality, &c. In this labor, as

in (jrevious years, I have been assisted by Dr. Charles Girard,

A considerable amount of taxidermical work has also been per-

formed within the walls of the Institution ; several hundreds^ of

skins of mammals and birds, and an equal number of skulls, having

been prepared. All such specimens as admitted of it have been regu-

larly catalogued on the books of the museum : the serial numbering

of prepared mammals having been advanced, during the year, from

351 to 1,200 ; of birds, from 4,354 to 4,425 ; of skeletons and skulls,

from l,2'r6 to 2,050. The entries of mammals and skulls have been

brought completely up ; those of several collections of birds havC;

however, been purposely deferred for the present.

All the collections of vertebrata in the Institution (with the excep-

tion of the fishes) have, during the year, been re-arranged systemati-

cally on shelves or in drawers, so as to bring together all the speci-

mens of each species. Owing to the want of space, this could not be
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done previously ; the acquisition of several additional rooms lias, how-
ever, supplied all the accommodations at present necessary. Nothing
satisfactory can be done with the collection of fishes, now filling 4,000
jars, until the erection of cases in the main hall shall furnish a suit-

able place of exhibition.

During the past year my own leisure time has been chiefly em-
ployed in working up the mammalia of the collection, and tlie mono-
graphing of the genera has been completed, with the exception of a
few families.

Particular attention has been paid to the study of the skulls and
skeletons of the species, for which the large collections of the Institu-
tion affords unrivalled facilities. C. Girard has also prepared several
zoological monographs.

C

—

Present Condition of the Museum.

The richness of the museum of the Smithsonian Institution at the
present time must be a source of national pride to all who are desirous
of seeing at Washington a satisfactory exposition of the natural his-

tory of North America. No collection in the United States, nor in-

deed in the world, can pretend to rival it in this respect. Every part
of our continent, from the British line on the north to central Mexico
on the south, has abundant representatives here of its peculiar inhab-
itants, while the collocation of specimens of one species from many
different localities furnishes materials towards determinations of geo-
graphical distribution of inestimable value. Thus of the known spe-
cies of North American vertebrata there is scarcely one not already in
our possession, while of nondescripts we have scores. Among the
mammals alone it is probable that the final result of a critical exami-
nation of the specimens will be the addition of over fifty species to the
list, given recently by Messrs. Audubon and Bachman, most of them
being new to science.

Of North American reptiles but two or three of those described by
Holbrook are wanting, while his aggregate has been more than
doubled.

The following table will illustrate the statistics of the alcoholic col-
lections at the present time, while the addition of similar data for
1851 will show the increase in four years. Five years is the entire
period during which the collections generally of the Institution have
been forming

; and when it is considered that no purchases whatever
have been made, save of an occasional specimen in the city market,
it must be admitted that few Institutions, even those under the direct
patronage of wealthy governments, can present such results. Nearly
every specimen, too, has been collected at the express instance of the
Institution.
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Tahle exh'hiting the number ofjars, with specimens in alcohol, in the

Smithsonian Institution December 31, 1855, compared with December
31, 1851.
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kinds, even tliose most common, of the mice, moles, shrews, &c., are

very desirable.

A particular desideratum, as yet unsatisfied, is the Florida pouched
rat, or "salamander," {Geomys pineti,) abundant in Florida and
Georgia, where, though its heaps of earth are met with in every direc-

tion, the animal itself is rarely seen and caught. A steel trap set at

night, and baited with sweet potatoes, or other vegetable substance,

would probably secure them readily, as the western species may be
taken in like manner.
While the species from the west of the Missouri are universally

desirable, the large reddish-brown hare of northern Texas, the black

and grizzly bear, the wolverine or glutton, the black-tailed deer of

the Missouri, and the Rocky mountain goat, are of particular in-

terest.

As an additional illustration of our desiderata among the mammals,
I subjoin a copy of a circular on the subject, issued by you last spring,

and containing special instructions for preserving and forwarding.

Skeletons, with skulls of mammals, as indeed of all vertebnita, are

always desirable.

Of birds, the most prominent desiderata from the eastern portion

of the continent are the American golden eagle, {Aquila cJirT/saetos,)

the flamingo, (Fhcenicopterus ruber,) and tbe courleco, (Aramils scolo-

paceus,) from Florida, and the trumpeter-swan, (Ci/gmis buccinator,)

of the upper Mississippi.

Eggs of birds are always desirable, especially such as may serve to

complete the work of Dr. Brewer on American eggs, now under way.
Among the North American reptiles, there are but two species of

serpents described by Dr. Holbrook not in the collection ; these are the

Coluber couperi, or gopher snake, a very large, thick blue-black snake,

found on the dry pine hills on the seaboard of Georgia, especially

along the Altamaha river ; the other is the Trigonocephalus airofuscus

^

a ooppei'-head snake, having subquadrate blotches on the back, and
quite dark in color. This species is found in Tennessee.

Of tbe tortoises, any terrapins from the Atlantic, Gulf coasts, or

the West, are desirable, and these can readily be sent alive. The
Florida land-turtle, or "gopher," is also wanted. Of the salaman-
ders, large numbers of the Menobranchus, Menopoma, Siren, and Am-
phiuma, are always wanted for dissection or distribution. These
may be popularly described as lizard-shaped animals, with slimy
skins, living in water or mud, especially of rice-fields, (from the south-

ern kinds,) having two or four legs, and with or without gills on the

sides of the neck. They are usually called alligators in the western
States, though erroneously ; in size they range from six inches to two
feet.

Of fishes, those particularly desirable are the species of sunfish,

&c, , found in fresh-water creeks, emptying directly into salt or brack-

ish water.

E

—

Premiums for Collections.

It may, under certain circumstances, be desirable for State organiza-

tions, such as that of the New York Cabinet of Natural History, to
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offer premiums for the best collections in particular departments of
natural history, (within the State,) with the privilege of taking the
others offered at a fair valuation. This would excite a spirit of
emulation between societies and individuals, which could not fail of
beneficial results, independently of the value of the collections them-
selves. The credit of having been the first to propose this plan in
America is, perhaps, due to the Ottawa Atheneum, oWtfawa, Canada,
which* has offered premiums of from two to ten pounds, amounting
in the aggregate to £33 10s.*DO

F

—

Distribution of Collections.

With increasing materials at its command, the Institution is able
to do more and more in furnishing the means of scientific research to
naturalists at home and abroad, either as an absolute donation or as
an exchange for specimens received or promised. More assistance of
this kind has been rendered in 1855 than in any previous year. Thus
many specimens of American turtles and terrapins have been sent to
Professor Agassiz to aid him in preparing materials for the first vol-
ume of his great work on American zoology. To Dr. J. Wyman also
have been sent specimens of lophoid fishes and Perennia brapchiate
reptiles, to be used in his investigations. Coleoptera have been sent to
J. L. Leconte, mammals to Major LeConte, eggs of birds to Dr. T.
M. Brewer, infusorial earths to Professor Bailey, plants to Drs. Torrey
and Gray.
A collection of 21 species of North American serpents was sent to

the Jardin des Plantes, of Paris, embracing a number not previously
in its possession. Many living specimens were also sent, but unfortu-
nately lost, in a manner previously referred to. Duplicates of collec-

tions received have also been sent to institutions in this country, as
fishes, birds and mammals to the Philadelphia Academy of Natural
Sciences, fishes to the medical department of Pennsylvania University,
mammals to the Boston Society of Natural History, &c.

G

—

Exchange of S])ecimens.

Much has been done by the Institution in 1855, as in preceding
years, in the way of facilitating the labors of naturalists, by bring-
ing into communication those of like tastes in different parts of this
country, or the world. Many persons have thus been enabled to secure
important additions to their means of research. Its extensive lists of
workers in natural science throughout the world enables the Institu-
tion readily to meet the wishes of parties, by referring at once to those
most likely to assist in accomplishing some special object.

Among the gentlemen who are desirous of having their wishes
made known to fellow-workers in science_, may be mentioned the fol-

lowing :

M. Zanardini, of Venice, desires to exchange specimens of Medi-

Journal of Education for Upper Canada, (Toronto,) November, 1855, page 175.
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terrcancan and otlier Europccan algae for specimens from Novtli

America.
W. A. Thomas, of Irvington, AVestchester county, New York, de-

sires to excliange minerals and fossils of New York for those of other

States.

James Lewis, of Mohawk, New York, is prepared to excliange

shells of New York for others from the south and west.

B. Fyhas, of Tuscumbia, Alabama, will exchange shells of the

Tenness'^ce river for Silurian and Tertiary fossils.

Frank Higgins, of Columbus, Ohio, will exchange Ohio shells for

those of southern States.

Dr. Emile Cornaria, Assistant Director of the Civic Museum,^

Milan, will exchange vertebrata, mollusca, insects, and fossils of

Italy, Hungary, &c., for corresponding specimens from America.

H

—

List of Additions to the Iluseum of the Smithsonian Institution in

1855.

Br. B. P. Ahhott, U. S. ^.—Keptiles from near Fort Yuma, Cali-

fornia.

Professor L. Agassiz.—Fresh-water fish from China ;
mammals

from Massachusetts and Lake Superior.

Dr. W. W. Anderson.—Living deer and antelope from Texas.

Specimens of destructive insects {Spenophorus) from South Carolina.

Dr. W. W. Anderson, V. S. ^.—Reptiles, fishes, and young beaver

in alcoliol;, from Texas.

Professor E. B. Andrews.—Eeptiles from western Louisiana.

Deposited.

Seth Andrews.—Infusorial earth from Olympia, Washington Ter-

ritory.

Dr. TV. 0. Ayres.—Fishes and scalops from San Francisco.

S. F. Baird.—Collections of fishes and reptiles made at Elizabeth-

town, Saranac Lake, Ogdensburg, and Madrid. Thirty skins of mam-
mals from northern New York. Living racoon from California.

Thomas Barnett.—Minerals and fossils from Niagara Falls.

Dr. J. B. Barratt.—Skin of scalops, and two boxes of insects from

South Carolina.

A. C. Barry.—Mammals and fishes from Wisconsin.

John G. Bell.—Polar hare [Lepus glacialis) and mounted quail,

{Ortyx vlrginianus.) Specimens in flesh of the varying hare of New
York, [Lepus americanus.)

J. Jacob Boiver.—Specimen in flesh of black swan of Australia,

Barnacle goose, and blue-headed pigeon from his aviary.

Dr. T. 31. Brewer.—Mammals in alcohol from Massachusetts.^

J. L. Bridger.—Keg of mammals and reptiles, skins of squirrels

and hares, from North Carolina.

Solomon G. Broion.—Mammals from vicinity of Washington.

A. Camphell.—Two foetal black-tail deer from California.

Major J. H. Carleton, U. S. ^.—Seeds of grass from the Pecos

river.
• Captain J. B. Casey, U. S. ^.—Tail of a ray, (Tampa Bay.)
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Rollin R. Child.—Skin of VespertiUo novebo7'acensis, from Wisconsin.
George Clarice.—Box of fresh white fish (Coregonus) from Lake

Erie, in ice. Barrel of fishes in alcohol from the Manniee river.

James Clarke.—Specimens of Stickleback from Enf2;land.

Robert Clarice.—Skulls of wolf and mcose from northern New York.
Dr, J . G. Cooper.—Skins of mammals, birds, and case of speci-

mens in alcohol, Shoalwater bay. Mammals from Santa Clara, Cali-

fornia.

Lieut. D. N. Couch, U. S. A.—Box of mammals and birds, Kansas.
Rev. M. A. Curtis y Armand D. R. Curtis, and 31. Ashley Curtis.—

Numerous skins of mammals and birds, eggs of birds, reptiles in alco-

hol, from North and South Carolina.

R. D. Cults.—Skins of birds and mammals, with reptiles and fishes

in alcohol, from San Francisco county_, California.

H. Davis.—Nests and eggs of birds, mammals in alcohol, from New
York.

J. W. Dawson.—Specimens of Jaculus, Arviola, and Sorex, from
Nova Scotia. Deposited.

E. A. Dayton.—Keg of fishes (crooked mullet) from Grass river,

New York.
Samuel A. Deivey.—Chalcedony and Itacolumite from North Caro-

lina.

W. A. Dourjul.—Living mole, (Scalops aquaticus.)

Dr. John D. Easter.—Salamander and gryllotalpa from Germany.
Dr. George Engelmann.—Mammals, reptiles, and Crustacea from

Missouri.

Professor L. C. Ervendherg.—Collection of plants from Comal coun-
ty, Texas.

S. B. Erwin.—Slab of Itacolumite from Burke county. North Caro-
lina.

Dr. John Evans.—Can of reptiles and fishes from Upp>er Missouri.

Pair of living wild cats.

Dr. J. Evans and Wm. P. Hendricks.—Living grizzly bear from
Upper Missouri.

Dr. Eversfield.—Nut of double cocoanut, (Lodoicea seychellana.)

Rev. Fredericlc Fitzgerald.—Reptiles in alcohol. Skin of barred
owl {Strix nehutosa) from North Carolina.

Dr. E. Foreman.—Two sets of minerals.

A. Galhraith.—Skin of purple sand-piper, [Tringamaritima,) Phila-

delphia.

C. Gautier.—Living deer mouse, {Hesperomys
.)

Dr. Rodney Glisan, U. S. A.—Bale of dried plants. Fort Arbuckle.
J. M. Gilliss, U. S. N.—Box of birds from Chili.

3Ir. Goldshoro.—Living Heierodon platyrhinos from Virginia.

Mr. P. Grant.—Blind-fish and crah, Amhlyopsis spelaeus, a.nd Com-
harus pellucidus, from Mammoth cave, Kentucky.
James T. Gidiclc.—Skin oi metarenia from Sandwich Islands.

Dr. S. E. Hale.—Two fresh specimens of pine martin or sable

(Mustcla liuro) from northern New York.
Dr. J. F. Hammond, U. S. A.—Box of mammals, reptiles, fishes,

&c., from Fort Reading, California.
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Dr. W. A. Hammond, U. 8. A.—Bottle of insects from Kansas.

Mr, Harvey.—Specimens of reptiles, fishes, and fossils from the

Upper Missouri.

Master Herder.—Irish specimen of Baltimore oriole, (Icterus Balti-

more.)

Dr. Hilgard.—Skeletons of Astur cooperi and Sciurus migratonus

(grey squirrel) from Missouri.

Br. Hihjard.—Three boxes dried European plants. Deposited.

llohert Howell.—Mammals, reptiles, and fishes of New York.

Dr. P. B. Hoy.—Skull of SpermojjhilusfranJdinn, and many skins

of mammals, from Wisconsin.

Jardin des P^aw^es.—Collection of Mexican serpents, types of spe-

cies described in Erpetologie generale.

Sir Wm. Jardine.—Skins of weasels, foxes, hares, and arvicolas

from Scotland.

J. W. P. Jenhs.—Ovev 600 specimens of small mammals of Mas-

sachusetts in alcohol, and 120 skins.

JDr. C. J. B. Karsten.—Specimens of meteoric iron from Thorn_,

Prussia.

George Kennicott.—Box of birds' eggs from Illinois.
_

Piohert Kennicott.—Several collections of living reptiles, about 200

in number ; reptiles, fishes, and mammals in alcohol ;
dried skins of

mammals ; eggs of birds ; specimens of seventeen-year locusts ; living

grey gopher, Spermopliilusfranklinii, &c., from Illinois.

J. Kirhpatrick.—Living Nerodia nigra from Lorain county, Ohio.

G. F. Kirtland.—Fishes and reptiles from Ohio.

Professor J. P. Kirtland.—Seven skins of mammals from Ohio.

Mr. Kniesley.—Eight hundred small mammals from Clarke county,

Virginia, in alcohol.

Th. Kumlien.—Five skins of birds from Wisconsin. Skin oi Sorex

hrevicaudus.

Geo. N. Lawrence.—Skins of Sciurus and Sorex from Iowa, of Ar-

vicola and Sorex from New York.

Major Le Conte.—Skin of Beithrodon lecontii from Georgia.

Leo. Lesquerenx.—Salamanders from Ohio.

J. Leiois.—Shells from New York.

Marshall MacBonald.—Living deer mouse [Hesperomys) from Vir-

ginia.

Dr. A. Means.—Specimens of Polyodon from Tennessee.

Montreal Society of Natural History.—Skin of Hesperomys from

Canada.
W. E. Moore and A. J. Stevens.—Mammals, fishes, and salaman-

der from Iowa.

Dr. James Morrow.—Five skins of Hesperomys aureolus from South

Carolina.

B. J. Napper.—Box of bird-skins from Manilla.

H. M. Neisler.—Fifteen specimens of shells from the Chattahooche

river.

Dr. NicJiols.—Mammals in flesh from vicinity of Washington. Two
specimens of Crax and Nasua in flesh from Paraguay.
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Geo. W. Oakley.—Box of pyntiferous rock from Cayuga county,

New York.
Captain W. P. Palmer, U. S. ^.—Specimens of Eeterodon plaiy-

rliinos from Virginia.

W. Patten.—Skin of Mus rattus from Pennsylvania.

Lieut. T. E. Patterson, U. S. A.—Double-lieaded rattlesnake from

Camp Yuma.
D. Orrin Plumb.—Box of infusorial eartli ; specimens in alcohol of

fishes ; skull of rattlesnake ;
specimen of gibbsite.

Professor F. Poey.—Fishes from Cuba.

James P. Posfell.—Eggs of birds and reptiles from Georgia.

John Potts.—Reptiles and fishes in alcohol; skins of mammals
and birds from Mexico.

B. Pyhas.—Reptiles, fishes, and fossils from Alabama.
Thomas Rainey.—Fishes {CallicJithys and Osteoglossum) from Para.

Edward Raventl.—Box of recent and fossil shells of Carolina, in-

cluding Encope macrophora, llellita ampla, and caroliniana.

Carrington i?a?/mowc?.^Australian Boomerang club and satchel.

Commander C. Ringgold, U. S. N.—Bow and four bone-tipped ar-

rows—island of Nitenda.

Wynaham Robertson.—End of lower jaw of young mastodon from

Wasbington county, Virginia.

E. S. Robinson.—Insects from Mississippi.

F. Schafhirt.—Separated human skull.

F. D. Sergeant.—Living specimens of bull-snake {PityopMs saiji)

and jar of reptiles from Illinois.

W. J. Shaio.—Mammals, birds, insects and plants from Illinois.

Er. Short, Lieut. D. N. Couch, and Professor A. Gray.—Set of

plants of Mexico and Texas from the Berlandier collection.

Dr. B. F. Shumard.—Reptiles and fishes from Missouri.

Er. Wm. Sjnllman.—Fishes, reptiles, shells, and fossils from Mis-

sissippi.

F. Sturm.—Skins, nests, and eggs of birds ; skins and skulls of

mammals from Europe.

Er. George Sucldey, U. S. A.—Very large collections of mammals,
birds, reptiles, fishes, and invertebrates from Washington and Oregon
Territories. Living serpent, Epicrates maurus, from Panama.

A. S. Taylor.—Dried specimens of grasshopper, and of Talitrus,

from California.

Major G. H. TJiomas, U. S. A.—Box of river sediment, &c._, from
the Colorado river.

Professor Z. Thompson.—Skins of mammals and alcoholic speci-

mens from Vermont.
Dr. W. F. Tolmie.—Skulls of birds from the Pacific.

General Totten, U. S. A.—Two cabinets containing a large collec-

tion of shells. Deposited.

Lieut. W. P. Troivbridge, U. S. A.—Box of birds and mammals
from San Diego, California, collected by Andrew Cassidy; collection

of muds from San Diego ; skins of mammals collected in Oregon by
Job Wayne ; box of marine plants ; two boxes mammals and birds,

collected by T. A. Szabo ; keg of reptiles and fishes from coast of Call-
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fornia; otlier collections, in alcoliol, from Cape Flattery and Farra-

lones; box of shells, La Paz, &c.

N. Triihner.—Collection of 150 slides from the microscope, ex-

hibiting:; dissections, illustrating difterent families of insects ; also 25
miscellaneous slides prepared by H. Frey.

Col. Joseph Tuley.—Fresh skin of elk (Elaphus Canadensis) from
his park.

Colonel Alfred Vaughan and Dr. F. V. Hayden.—Skins and skulls;

mammals and birds; reptiles and fishes in alcohol ; box of fossils, from
Upper Missouri.

Gen. Ward.—Heterodon niger from Sing Sing, New York.
David Welsh.—Skins of squirrels (Tamias and Sciurus) from New

York.
Flowdcn C. J. Weston.—Reptiles and birds in alcohol; fishes from

South Carolina; fern in alcohol.

Dr. Wilson, U. S. A.—Shells from Japan.
Dr. T. (f. Wormley,—Reptiles and fishes from Ohio. "*

'

Lieut. H. G. Wright, U. S. A., andDr.D.D. Whitehurst.—Fishes
and invertebrates from Tortugas.

Gustavus Wlirdemann.'—Eggs and skins of birds, reptiles, fishes,

and invertebrates, in alcohol
;
pair of living roseate spoonbills, {Pla-

falea AJaJa,) irom Indian river, Florida, and coast of Georgia and
South Carolina.

Professor J. Wyman.—Arviciola, Sorex, and Cycloj^terus, from
Labrador. Scaphiojnis JwlbrooJcii from Cambridge. Deposited.
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LIST OF METEOKOLOGICAL OBSERVERS.

state.

Nova Scotia

(Janacla

Maine

New Hampshire

-

Vermont

.

Massachusetts

Rhode Island .

.

Co^nnecticut . .

.

NcTT York.

Naroc of observer.

Henry Poole
Prof. A. P. S. Stuart

Dr. Charles Smallwood
Dr. A. Kali

J. D. Parker
Henry Willis

W. E. Dana
George B. Parrows
John J. Pell

R. H. Gardiner
Rev. S. H. Merrill

Samuel A. Evcleth
G. W. Guptill

B. Gould 13rown

Dr. William Prescott

R. C. Mack
Samuel N. Bell

R. F. Hanscom
Henry A. Sawyer, A. M
Rev. L. W. Leonard
D. Buckland-
James A. Paddock
J. C. Baker
A. Jackman
George Bliss

James K. Colby
Liicius C.Allin
William Bacon
John Broolvs

Rev. Emerson Davis
Amasa Holeomb
James Orton )

Lavalette Wilson, j

"

Hon. William Mitchell

Prof. E. S. Snell

H. C. Perkins, M. D
Edward A. Smith, M. D. j

Frank H. Rice, M. D
j

Samuel Rodman
John George Metealf

Henry Rice

Albert Sehlegel

W. C. Bond
R. R. Gifford

Prof. A. Caswell

E. G. Arnold
Rev. T. Edwards
D. Hunt
Aaron B. Hull
James Rankin
N. Scholfield

Prof. 0. W. Morris
Thos. B. Arden
E. W. Johnson
Ephraim Byram
John LefTerts

Wm. S. Malcolm
John Bowman

Residence.

Albion Mines
Horton, Acadia Col

St. Martin
Montieal
Steuben .

Portland
Perry

Fryeburg
Carmel
Gardiner
Bluehi'I -

Windliam
Cornish
Stratford

Concord
Londonderry
Manchester
North Barnstead

Great Falls

E.xeter

Bi'andon

Craftsbury

Saxe's Mills

Norwich
Shelburne
St. Jolmsbury
Springfield

Richmond .

Princeton

Westfield

Southwick

County.

Williamstown

Nantucket
Amherst
Kewburyport

Worcester

New Bedford
Mendon.
North Attleboro' .

.

Taunton
Cambridge
Wood's ilolc

Providence
East Greenwich ...

New London
Pomfret..
Georgetown
Saybrook
Norwich
New York
Beverly

Canton
Sag Harbor
Lodi.
Oswego
Baldwinsville

Pictou.

lege.

LavaL

Washington.
Cumberland.
Washington.
Oxford.

Penobscot.

Kennebec.
Hancock.
Cumberland.
York.
Coos.

Merrimac.
Rockingham.
Hillsboro'.

Belknap.

Strafford.

Rockingham.
Rutland.
Orleans.

Franklin.

Windsor.
Chittenden.

Caledonia.

Hampden.
Berkshire.

Worcester.

Hampden.
Hampden.

Berkshire.

Nantucket.
Hampshire.
Essex.

Worcester.

Bristol.

Worcester.
Bristol.

Bris;tol.

Middlesex.

Barnstable.

Providence.

Washington.
New London.
Windham.
l''airfield.

]\liddlesex.

New London.
New York.
Putnam.
St. Lawrence.
Suffolk.

Seneca.

Oswego.
Onondaga.
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state.

Ntnr York—Cout.

New Jei-sey.

Peuueylvania -

.

l>tlaware

.

Maryland.

,

Yirgiuia.

Name of observer.

W. E. Guest
A. W. Morehouse
J. Everett Breed
Rev. W. D. Wilson
P. 0. Williams, M. D
W. W. Sanger, M. D
John Felt

J. W. Chickering:.

E. M. Alba, MD
i'rof. C. Dewey..
Wm. C. Pratt

Joseph W. Taylor
Edw. C. Reed
W. H. Denning
Mrs. M. J. Lobdell
E. A. Dayton
John R. French
Stephen Landon.
S. De Witt Bloodgood
J. S. Gibbons
J. Caroll House
Dr. H. P. Sartwell

Rev. Thos. H. Strong
Stillman Spooner..
R. L. Cooke
Dr. E. R. Schmidt
W. A. Whitehead
Joseph Edwards.
Rev. Grier Ralston
John Heisely

M. Jacobs
Fenelon Darlington
Samuel Brown
Ebenezer Hance
Paul Swift.

Francis Schreiner.

Chas. S. James
J. F. Thickstun
W. W. Wilson
0. T. Hobbs
Win. Smith
John Eggert
II. A. Brickenstein

Prof. Jas. A. Kirkpatrick
Prof. W. C. Wilson
Victor Scriba

Jno. Hastings
Wm. Martin..
A. Heger
Professor W. A. Crawford..
R. A. Martin...

Miss H. M. Baer.

Henry E. Hanshaw
B. 0. Lowndes
James A. Pearce, jr

A. Zumbrock, M. D.

Lieut. R. F. Astrop
Samuf 1 Couch
Benjamia Hallowell..

Residence.

Ogdensburgh
Spencertown
Smithvillc

Geneva
Watertown
BlackweU's Island.

Liberty

Ovid
Angelica

Rochester

Plattsburg

Homer
Fishkill Landing
North Salem...
Madrid
Mexico
Eden

New York

Lowville
Penn Yan
Flatbush
Wampsville
Bloomfield

Burlington
Newark _

Chromedale
Norristown
Harrisburg
Gettysburg
Pocopson
Bedford
Morrisville

Haverford
Moss Grove
Lewisburg
Meadville
Pittsburg

Randolph
Canonsburg
Berwick
Nazareth Hall .

Philadelphia

Carlisle .

Troy Hill ,

Pittsburg

County.

Pottsville

Newark .

.

Sykesville

Frederick

Bladensburg
Chestertown
Annapolis
Crichton's Store
Buffalo

Alexandria Alexandria.

St. Lawrence.
(Johnnbia.

Jefferson.

Ontario.

Jefferson.

New York.
Sullivan.

Seneca.

Alleghany.

Monroe.

Clinton.

Cortland.

Dutchess.

Westchester.
St. Lawrence.
Oswego.
Erie.

New York.

Lewis.

Yates.

Kings.

Madison."
Essex.

Burlington.

Essex.

Delaware.

jMontgomery.
Dauphin.
Adams.
Chester.

Bedford.

Bucks.

Plnladclphia.

Crawford.

Union.
Crawford.

Alleghany.
Crawford.

Washington.
Columbia.
Northampton.
Philadelphia.

Cumberland.
Alleghany.

Alleghany.

Schuylkill.

Newcastle.

Carroll.

Frederick.

Prince George.
Kent.
Anne ArundeL
Brunswick.
Putnam.
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Yiririnia—Cont'd

.

North Carolina.

South Carolina.

'Georgia

Florida.

.

Alabama

Misijissippi

.

Louisiana.

.

Texas

Tennessee ,

Kentucky

Ohio.

D. n. Ellis

James T. Clarke

J. W. Marvin
Thomas Patton -

W. C. Quincy
Miss E. Kowuslar
William Skeen
Prof. N. B. Webster
Prof. Dan. Morclle.

Prof. James Phillips

E. N. Fuller..

Rev. A. Glennie
Dr. Jos. Johnson
H. W. Ravenel
T. A. Yorms", M.D
Dr. James Anderson
R. P. Gibson
F. M. Pendleton
John F. Posey
W. Haines
Dr. A. S. Baldwin
James B. Bailey

William C. Dennis.

Lieut. Jos. Fry
John Pearson
Hon. Augustus Steele

George Benagh
S. J. Gumming
Prof. John Darby
H. Tiitvviler

Prof. J. Boyd Elliott

Prof. L. Harper
James S. Lull

Rev E. S. Robinson
Dr. E. H. Barton
J. L. Forke
S. K. Jennings, M. D
Dr. R. T. Carver.
T. L. Griswold
William M. Stewart..

O. Beatty.

L. a. Ray, M. D
George S. Savage, M. D
John Swain, M. D
Mrs. Lawrence Young
Prof. J. W. Andrews
R. S. Bosworth
F. A. Benton
George L. Crookham
M. Gilmore.'.

Miss Ardelia Cunningham..
Jacob M. Desellem
L. M. Dayton
J. H. Fairchild

L. Gronewe:

Residence.

-& •

Geo. W. Harper
Ebcnezer Hannaford
James D. Hcrrick
F. HoUenbcck ,.

Wardensville
Mount Solon

Winchester
Lewisbm-g
West Union
Berry ville

Huntersville _

Portsmouth.
Goldsliorough

Chapel Hill

Edisto Island

Waccaman.
Charleston
Aiken
Camden
The Piock

Whitemarsh Island

Sparta

Savannah. -

Augusta
Jacksonville

Garrisville

Salt Ponds

County.

Pensacola

Cedar Keys
Tuscaloosa
Monroeville
Auburn
Green Springs..

Port Gibson
Oxford
Columbus.
Garlandsville ..

New Orleans...

New Wied
Austin

Friendship
Knoxville
Glenwood
Danville

Paris

Millersburg

Ballardsville ..

Springdale

Marietta

College Kill...

Mount Vernon

Jackson C. II.

.

Unionvillo

Richmond .

Newark
Oberlin

Germantown..
Cincinnati

Cheviot
Jefferson

Perrysburg

Hardy.
Augusta.
Frederick.

Greenbrier.

Doddridge.
Clark.

Pocahontas.
Norfolk.

Wayne.
Orange.

Colleton.

All Saints Parish,

Charleston.

Barnwell.

Kershaw.
Upson.
Chatham.
Hancock.
Chatham.
Richmond.
Duval.
Alachua.

Island Key AVest.

Escambia.

Levy.
Tuscaloosa.

Monroe.
Macon.
Green.

Claiborne.

Lafayette.

Lowndes.
Jasper.

Orleans.

Comal.
Travis.

Dyer.

Knox.
Montgomery.
Boyle.

JBourbon.
Bourbon.
Oldham.
Jefferson.

Washington.
Hamilton.
Knox.

Jackson.

Lake.

Jefterson.

Licking.

Loraiue.

Montgomery.
Plamilton.

Hamilton.
Ashtabula.

Wood.
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Name of observer. Eesidence. County.

Ohio—Contmued. J. G. F. Holston, M. D...
G. A. Hyde
S. L. Hillier.-

S. M. Luther ..

John Ingram, M. D
G. W. Livezay
J. McD. Mathews
James H. Poe
Prof. S. N. Sanford
Joseph Shaw
W. L. Sdienck, M. D
Prof. M. G. Williams
Seth L. Andrews, M. D...
Wm. Campbell
Alfred E. Currier

Rev. George Duffield

L. H. Strang
J. J. Strang
Isaac Stone

,

Miss Octavia C. Walker
H. Whelpley
Lum Woodruff
Prof. A. Winchell ,

W. W. Austin -.

C. Barnes.
John Chappellsmith
Dr. V. Kersey
Joseph Moore
Dr. Fr. Brendel
Wm. V. Eldredge...
John Grant
Joel Hall

J. 0. Harris, M. D.
John James, M. D
S. B. Mead, M. D..
Henry A. Titze

Benj. Whitaker
Chas. Q. Chandler, M. D._
Edw. Duffield, M. D.
Geo. Engelmann, M. D
0. H. P. Lear
E. C. Bidwell, M. D
Townsend M. Connel
Dr. Asa Horr
Daniel McCready
Benj. F. Odell

|

MaryG. Odell j

T. S. Parvin _•

E. H. A. Scheeper
MissM. E. Baker
Prof. S. A. Bean
John E. Himoe.
Wm. H Newton

|

L.Washington
J

J. L. Pickard
Prof. Wm. Porter
F. C. Pomeroy
J. F. Willard.
Carl Winkler

5

Zanesville .

Cleveland..

Hiram

Savannah
Gallipolis

Plillsborough-

Portsraouth ..

Granville

Bellcfontaine .

Franklin
Urbana
Romeo.
Battle Creek _

.

Grand Rapids.
Detroit

Saugatuck
St. James
Romeo
Cooper
Monroe

Ann Arbor . ,

.

Richmond
New Albany
New Harmony
Milton..

Richmond
Peoria

Brighton
Manchester
Athens
Ottawa
Upper Alton
Augusta
West Salem
Warsaw
Rockport
Hannibal
St. Louis

Dry Ridge
Quasqueton
Pleasant Plain

Dubuque
Fort Madison

Plum Spring

Muscatine
Pella.

Ceresca

Waukesha
Norway

Superior

Platteville

Beloit

Milwaukie
Janesville

Milwaukie

Muskingum.
Cuyahoga.

Portage.

Ashland.
Gallia.

Highland.
Scioto.

Licking.

Logan.
Warren.
Champaign.
Macomb.
Calhoun.
Kent.
Wayne.
Alleghany.

Michilimackinae.
Macomb.
Kalamazoo.
Monroe.

Washtenaw.

Wapic.
Floyd.

Posey.

Wayne.
Wayne.
Peoria.

Macoupin.
Scott.

Menard.
La Salle.

Madison.
Hancock.
Edwards.
Hancock.
Boone.

Marion.
St. Louis.

Marion.

Buchanan.
Jefferson.

Dubuque.
Lee.

Delaware.

Muscatine.

Marion.
Fond du Lac.

Waukesha.
Racine.

Douglas.

Grant.

Rock.
Milwaukie.
Rock.
Milwaukie.
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REPORT OP THE EXECUTIVE COMMITTEE.

Washington, January 1, 1856.

The Executive Committee submit to the Board of Regents the fol-

lowing" report relative to the finances of the Smithsonian Institution,

the expenditures during the year 1855, &c.

The following is a general statement of the fund :

The whole amount of the Smithsonian bequest deposited

in the treasury of the United States, (from which an

annual income, at 6 per cent., of $30,910 14 is de-

rived,) is $515,169 00

Amount of unexpended interest reported,

1855, January 1, as in charge of Messrs.

Corcoran & Riggs $125,000 00 *

From which deduct amount passed bythem
to the credit of the treasurer to meet

payments, on building during 1855 5,000 00

120,000 00

Balance in the hands of the treasurer^ 1st

January, 1856 8,189 84
. 128,189 84

643,358 84

The following is a general view of the receipts and expenditures

during the year 1855 :

RECEIPTS.

Balance in the hands of the treasurer, Jan-

uary 1, 1855 $14,159 59

Interest on the original fund ($515,169)

for 1855 30,910 21

Interest on the extra fund for the year

1855 6,044 38

Amount drawn from Corcoran & Riggs to

meet payments on building 5,000 00
^ ^

. '$56,114 18

EXPENDITURES.

For building, furniture, fixtures, &c $19,312 87

For items common to the objects of the

Institution 13,372 71

For publications, researches, and lectures 7,169 95

For librarv, museum, and gallery of art... 8,068 81
•

'

'
t, J

$47;924 34
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Balance in tlie hands of tlie treasurer, on tlie 1st of Jan-

uary, 1856 |8,189 84

56,114 18

The following is a detailed statement of the expenditures during

the year 1855 :

BUILDING, FURNITURE, FIXTURES, &C.

Pay on contracts $16,200 00

Pay of architects, draughtsmen, &c 500 00

Miscellaneous repairs to building_, &c 436 90

Furniture and fixtures for uses in common 1,488 04

Furniture and fixtures for library 400 00

Furniture and fixtures for museum 200 00

Grounds (lamps for the walks) "74 25

Magnetic observatory 13 68
$19,312 87

GENERAL EXPENSES.

Meetings of the Board of Eegents and com-
mittees 849 65

Lighting and heating 1_,022 80

Postage 495 41

Transportation and exchange 1,103 23

Stationery 411 98

General printing 827 55

Apparatus 257 06

Laboratory 123 14

Incidentals, general 1,257 16

Salaries—Secretary 3,500 00

Chief clerk 1,200 00
Book-keeper 200 00
Janitor 400 00

Laborer 250 00

Watchman 365 00

Extra clerks 250 00
12,512 98

PUBLICATIONS, RESEARCHES, AND LECTURES.

For Smithsonian Contributions to Know-
ledge 3,562 92

For reports on progress of knowledge 350 00

For other publications 316 83
For meteorology 1,862 28

For computations 50 00

For investigations 12 50

For lectures, illustrations, and apparatus 40 66

attendance, &c 60 76
pay of lecturers 914 00

7,169 95
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LIBRARYj MUSEUM, AND GALLERY OF ART.

Library:
Cost of books $3,186 15

Transportation for library 330 49

Stereotype system... 44 22

Pay of assistants 1,740 00

Incidentals to library 124 31

Museum

:

Salary of assistant secretary 2,000 00

Explorations 150 00

Collections.,, , 150 50

Alcohol, glass jars, &c 199 88

Assistance, labor, and incidentals to

museum 390 57

Transportation for museum 529 24

Gallery of Art , 83 18

$8,928 54

47,924 34

It will be seen, from the foregoing statement, that the expenditures

for the building differ considerably from the estimats of the commit-

tee. At the time of making the estimate, they had no means of as-

certaining what would be required for payment of the contractor.

The architect had not furnished his final statement of the entire cost

of the edifice, and it was in consideration of this that a resolution was

adopted, authorizing the Building Committee to pay out of the special

fund of the Institution such sum as would be required. They have

accordingly drawn $5,000 on this account from Messrs. Corcoran &
Eiggs, as is shown in the general statement.

On account of the large drafts required for payments on the build-

ing, an effort was made to curtail the expenditures on other parts of

the operations. The whole sum appropriated for the current expenses

of the Institution during the year 1855, exclusive of the building,

was $32,465. Of this sum there has been expended but $28,611 47;

the remainder, $3,853 53, serves to increase the amount in the hands

of the treasurer, and will be appropriated to discharging the sum still

due the contractor.

Hereafter the funds of the Institution will be in a much more

manageable condition. The architect has rendered his final account,

and the sum of about $6,000 still due on the building being definitely

known, a more precise estimate can be now made. If the expendi-

tures during the present year are kept within the estimate, as they

probably will be, the sum of $125,000 of accrued interest will be on

hand at the beginning of 1857, which may be permanently invested

as a part of the capital.

It has been stated, in the preceding reports, that a plan of finances

was adopted in the beginning, by which a portion of the income might

be saved for the purpose of increasing the capital rendered necessary

to defray the expense of the support of the large building authorized
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hj Congress. It was at first proposed to add $100,000 to the origi-

nal fund ; and afterwards the plan was enlarged, so as to make the

amount $150,000. This last plan, however, was based upon a limit

of expenditure of $250,000 for the building. The scheme would
have been entirely successful, and even a larger saving might have
been made had the building been completed within the estimated

cost ; but this was found inconsistent with a proper regard to the

safety and durability of the edifice. The actual cost, according to the

statement of the Building Committee, exclusive of furniture, is about

^310,000 ; notwithstanding this, the sum which has been saved is

|l25,000. Although this is not all that could have been wished, it is,

perhaps, more than could have been reasonably anticipated. The
committee have been informed that Messrs, Corcoran and Riggs do
not desire any longer to retain possession of the surplus fund, and it

will therefore be necessary to urge its acceptance by Congress as an
addition to the fund in the United States treasury, or securely invest

it in State stocks. The interest on the original fund is received semi-

annually^ and as far as possible it will be advisable to make the

payments of salaries and other objects at the same time. Unless
this is done, a surplus will continually be required which is not draw-
ing interest, or bills must be paid by drafts in anticipation of the end
of the half year. While the building was in process of erection, it

was impossible to observe a rule of this kind, since, according to the

original contract, the payments for the work done were to be made
monthly.

It will be recollected that a portion of the Smithsonian bequest
(about $25,000) still remains in England as the principal of a lile an-
nuity in favor of Madame de la Batut, the mother of the nephew of

Smithson. The annuitant is a very aged person, and cannot in the
ordinary course of nature be expected long to survive. The Hon.
Mr. Rush, to whom this matter was referred, has written to Messrs.
Clarke, Fynmore, & Fladgate, the solicitors employed in obtaining
the bequest, asking them to procure information in regard to this

point.

Another subject, which may require the attention of the Board, is

that of the Wynn estate, contingently bequeathed to the Smithsonian
Institution. It appears by a letter from Joseph H. Patton, esq. , of New
York, who was engaged by the Board to inquire into tlie matter, that
the widow of Mr; Thomas Wynn was married in 1854 to Captain An-
derson, of the Royal artillery, now stationed at Barbadoes, where she
resides with the child, upon whose decease, without issue, the bulk of
the estate is to come to this Institution.

Mr. Patton advises that the Board require from the executors secu-
rity for the proper fulfilment of the trust.
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The committee submit the following estimates for appropriations

for the year 1856 :

BUILDING, FURNITUEE, FIXTURES, ETC.

Dae on contracts $6,000 00
Repairs and miscellaneous incidentals to build-

ing 600 00
Furniture, &c., for uses in common 500 00

library 300 00
museum 150 00

Magnetic observatory 20 00

$7,570 00

GENERAL EXPENSES.

Meetings of Board and committees $375 00
Lighting and heating 1,200 00
Postage 400 00
Transportation and exchange 1,000 00
Stationery 300 00
General printing 350 00
Apparatus 300 00
Laboratory, fitting up 800 00
Incidentals general 500 00
Salaries—Secretary , 3,500 00

Chief clerk 1,200 00
Book-keeper 200 00
Janitor 400 00
Watchmen 550 00
Laborers 450 00
Extra clerks 200 00

11,725 00

PUBLICATIONS, RESEARCHES, AND LECTURES.

Smithsonian Contributions to Knowledge $5,500 00
Eeports on the progress of knowledge 1,000 00
Other publications 355 00
Meteorology 1,000 00
Investigations, computations, and researches... 500 00
Lectures 800 00

9,155 00

LIBRARY, MUSEUM, AND GALLERY OF ART.

Library

:

Cost of books $3,500 00
Pay of assistants 2,500 00
Transportation 300 00
Incidentals 500 00

Museum

:

Salary of assistant secretary 2,000 00
Explorations 200 00
Collections 150 00
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Alcobol, glass jars, &c |500 00
Transportation 300 00
Assistance and labor 500 00

Gallery of Art 100 00
110,550 00

39,000 00

Respectfully submitted
J. A. PEARCE,
J. G. TOTTEN,
A. D. BACHE,

Executive Committee.
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EErORT or THE EUILDING COMMITTEE.

TliG Building Committee of the Smithsonian Institution present the

following report of their operations and expenditures during the year

1855 :

It was stated in the last report that the main or centre building

was nearly finished on the 1st of January, 1855. Since lhen_ the

whole edifice has been completed, and the final report of the architect

approved by the committee. After the construction of the new lecture-

room, the east wing of the building was entirely unoccupied. It con-

sisted of a single room 15 feet long, 45 feet wide, and about SOfeet

high. This has been divided into two stories, the lower one princi-

pally consisting of a large room at present used for the reception and

distribution of all the articles of exchange, and also a depository of

the extra copies of the publications of the Institution. The upper

story is occupied by a suite of rooms for the accommodation of the

Secretary, in accordance with the original intention of the Board, as

expressed in their resolution fixing the compensation of that officer.

The fitting up of this Aving was made under a separate^ contract with

Mr. Wra. Choppin, and the whole completed to the satisfaction of the

architect for $3,500. This sum includes both the finishing of the

large room below and the apartments of the Secretary above.
_

The grounds around the building have been kept in repair under

the direction of the Secretary of the Interior, and it is hoped that an

appropriation by Congress will enable this officer to complete the de-

sign of Mr. Downing for the general improvement of the mall, and

the supply of specimens of our native forest-trees which may be used

for ornamental purposes.

The whole amount paid on account of the building during the last

year, including furniture and fixtures and grounds, is |] 9,312 87,

which added to the sum previously paid for the same objects as stated

in the last report, ($299,414 14,) will make |318,727 01. Of this

Bum $308,184 49 are for the building and grounds ;
and if to this we

add $4,569 10 due the contractor, and about $1,000 due on gas-fitting,

fixtures, &c., the whole amount expended on building and grounds,

exclusive of furniture, will be $313,753 59. The whole cost of the

building was at one time limited to $250,000 ; but this limitation was

made with the intention of finishing the interior of the main edifice

in wood and plaster. This plan was afterwards abandoned, and one

in which fire-proof materials were employed was substituted.

A statement on file from Capt. Alexander gives in detail the work

done and the payments made thereon from the time he took charge of

the work until its final completion. According to this, the whole

amount paid for completing the interior of the main building in fire-

proof materials is $79,684 17. This sum is much larger than his

original estimate ; the cause of the difference, as stated by himself,

being as follows

:
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" It is due in part to the rise in fhe prices of materials and labor, but
principally to the execution of many improvements which were not
originally contemplated, but which it was thought best to make during
the prosecution of the work. These improvements were the sewers
for drainage ; the cisterns for supplying water ; the substitution of
stone for iron stairs ; the making of new sashes for many of the win-
dows ; the strengthening and in part reconstruction of the roof of the
main building

;
putting in copper gutters and leaders on the towers,

besides other alterations and additions tending to swell the cost of

the work."
So many changes had been made in the plan of finishing the in-

terior, and such different materials had been employed, that it was
impossible to be guided by the original bid of the contractor, and
therefore the committee were obliged to be governed entirely by the
estimate of the architect. They, however, took the precaution to sub-
mit his award to Capt. Meigs, superintendent of the Capitol exten-

sion, who, under the circumstances of the case, expressed his approval
of it.

Though the building is finished, an annual appropriation will be
required for repairs and the substitution on parts of the roofs of the
ranges and wings, of copper in place of tin.

Eespsctfully submitted

:

KICHAED EUSH,
W. H. ENGLISH,
JNO. T. TOWEES,
JOSEPH HENEY,

Building Committee.
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JOURNAL OF PROCEEDINGS

OF THE

BOARD OF REGENTS
OF

THE SMITHSONIAN INSTITUTION.

TENTH ANNUAL SESSION.

WEDNESDAY, January 2, 1856.

In accordance with a resolution of the Board of Regents of the

Smithsonian Institution, fixing the time of the beginning of their an-

nual meeting on the first Wednesday of January of each year, the

Board met this day in the Regents' room at 12 o'clock m.

Mr. Rush was requested to take the chair.

The Secretary stated that, owing to the House of Representatives

not having elected a speaker, no Regents had yet been appointed to

fill the vacancies in the Board from that body.

There being no quorum present, the Board adjourned to meet on

Saturday, January 12th, at 12 m.

SATURDAY, January 12, 1856.

A meeting of the Board was held this day at 12 o'clock.

Present : Messrs. Mason, Rush, Totten, Bache ; Seatou, Treasurer,

and the Secretary.

There being no quorum present, the new Regents not yet having

been appointed, the Board adjourned to meet on Saturday, January

26th.

SATURDAY, January 26, 1856.

A meeting of the Board was held this day at 12 m.

Present: Messrs. Pearce, Mason, Rush, Totten, and the Secretary.

There being no quorum, the Board adjourned to meet at the call of

the Secretary, as soon as the vacancies should be filled by Congress.

SATURDAY, March 1, 1856.

An adjourned meeting of the Board was held this day at 12 m.

Present: Messrs. Pearce, Mason, English, Warner, Totten; Seaton,

Treasurer, and the Secretary.
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Mr. Pearce was called to the chair.

The Secretary announced the election, hy joint resolution of the

Senate and House ofEepresentatives, of the Hon. George E. Badger,

of North Carolina, and Professor Cornelius C. Felton, of Massa-

chusetts, as Regents to fill the vacancies occasioned by the death of the

Hon. John Macpherson Berrien, and the resignation of the Hon.
EuFus Choate.

Also, the appointment, by the Speaker of the House ofEepresenta-

tives, of the Plon. W. H. English, of Indiana, Hon. H. Warner,
of Georgia, and the Hon. B. Stanton, of Ohio, as Regents on the part

of the House.
Mr. Seaton, Treasurer, presented the statement of receipts and ex-

penditures for the year 1855, which was referred to the Executive

Committee.
The Secretary presented and read his report of the condition and

operations of tlie Institution for the past year, which was accepted.

It being announced by the Secretary that the Hon. J. MACPHERSOif

Berrien, one of the Regents, had departed this life since the last an-

nual session of the Board, Mr. Mason offered the following resolutions,

accompanying them with remarks suitable to the occasion:

Resolved, That the Regents of the Smithsonian Institution have

heard, with deep and sincere regret, that since their last annual meet-

ing, the Hon. J. Macpherson Berrien, late one of their associates, has

departed this life.

liesolved, That whilst deploring the severance of so enlightened

and able a coadjutor from the trust committed to the Regents of the

Institution, they sympathize with the country in the loss it has sus-

tained by the death of an eminent and virtuous citizen.

Ilesolved, That, in testimony of their high respect for the memory
of their late associate, the members of this Board will wear the custom-

ary badge of mourning for the period of thirty days.

Resolved, That these resolutions be entered upon the journal, and
a copy of them be transmitted to the family of the deceased.

The Board thenadjourned till Saturday, March 8th, at 11 o'clocka. m,

SATURDAY, March 8, 1856.

The Board of Regents met at 11 o'clock a. m.
Present : The Chancellor, Hon. R. B. Taney, and Messrs. Pearce,

English, Warner, Totten, and the Secretary.

The minutes of the last meeting were read and adopted.

Mr. English presented the report of the Building Committee for

the year 1855; which was read and adopted.

Mr. Pearce presented the annual report of the Executive Commit-
tee, containing an account of the finances, the receipts and expendi-

tures during the year 1855, the estimates for appropriations for 1856,

&c. ; which was read and adopted.

On motion of Mr. Pearce, the following resolution was adopted

:

Resolved, That, in order to give sufficient time to make up the

accounts for the year, the annual meeting of the Board shall hereafter

be held on the third Wednesday of January, instead of the first.
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The Secretary prcsentcfl a letter from Joseph H. Patton, esq., of

New York, rehitive to the Wyim estate ; which, after several docu-

ments relating to the subject had been read, was referred to Mr. Ma-
son, to whom former communications on this business had been sub-

mitted.

It was stated by the Secretary that .Messrs. Corcoran & Riggs were
not desirous to retain in their hands the extra funds of tlie Institution

;

whereupon, alter remarks as to the proper dis2)osition of the money,
on motion of Mr. Warner, it was

Resolved, That the committee appointed on the 24th of February,

1855, be directed to inquire and report upon the propriety and man-
ner of permanently investing the money of the Institution now in the

hands of Messrs. Corcoran & Riggs.

The Secretary read a communication from Frederick Gottcri, of

Malta, received through the Department of State, relative to the es-

tablishment of a school for the instruction of persons in this country

in silk culture and manufactures.

On motion, the letter was referred to the Commissioner of Patents.

A communication from John Phillips, esq., assistant general secre-

tary of tlie British Association for the Advancement of Science, was
read, containing the following extract from the proceedings of that

body

:

" A communication from Professor Henry, of Washington, having
been read, containing a proposal for the publication of a catalogue of

philosophical memoirs scattered throughout the Transactions of socie-

ties in Europe and America, with the oiFer of co-o]ieration on the part

of the Smithsonian Institution, to the extent of prejtaring and pub-
lishing, in accordance with the general plan which might be adopted
by the British Association, a catalogue of all the American memoirs
on physical science, the committee approve of the suggestion, and
recommend that Mr. Cayley, Mr. Grant, and Professor Stokes, be
appointed a committee to consider the best system of arrangement,
and to report thereon to the council."

The Secretary having stated to the Board that a number of the

steamship and railroad companies had granted special facilities to the

Institution, in forwarding its packages free of cost, and particularly

in granting a free passage to its agent sent to California to make col-

lections in natural history, &c.,
On motion of General Totten, the following resolution was adopted :

Resolved, Tliat the Secretary, on the part of the Regents of the
Smithsonian Institution, return thanks to the United States Mail
Steamship Company, M. 0. Roberts, president ; Pacific Mail Steam-
ship Company, W. H. Aspinwall, president ; South American Mail
Steamship Company, Don Juan Matheson, president; Mexican Gulf
Steamship Company, Harris & Morgan, agents ; and the Panama
Railroad Company, David Hoagley, president, for their liberality

and generous offices in relation to the transportation, without charge,
of articles connected with the operations of the Institution.

The Secretary read the following letter :
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Hamilton College, Clinton,

Oneida County, N. Y., February 2, 1856.

To the liegents of the Smithsonian Institution :

The trustees of Hamilton College, in the State of New York, made,
on the 22(1 dav of July, 1854, a contract with Messrs. C. A. Spencer

& Co. , of Canastota, in the same State, for the construction of an
"equatorial telescope of the first class, with all the mountings and
other incidents necessary and usual thereto."

There is a provision in this agreement, that " when the telescope

and work are finished and j^ut up in the ohservatory, the whole is to

he suhmitted to the examination of three men of science, to be agreed
upon by the parties, and their judgment and decision as to the char-

acter of the telescope and the whole work, and whether the contract

lias beeu iuily performed un ihe pari of the builders, shall be final and
conclusive."

The instrument is now nearly completed. The diameter of the

object-glass is thirteen and one-half inches.

The undersigned, as a committee in behalf of the College, request

that the above-named examining board of scientific men may be ap-

pointed by your body. They ask this for the following reasons :

First. This telescope is the largest ever constructed in this country

—

constructed in the face of many obstacles, with an adverse public

opinion. If it be equal to instruments made in Europe, its construc-

tion is a triumph of American genius in a hitherto untried field. The
contractors, if successful, deserve that their success should be made
known through some medium whose judgment shall be rigid and im-
partial, and shall have a character to be respected abroad as well as

at home.
Again. The funds for the construction of this instrument, and the

observatory to which it is attached, were contributed in various sums
by many persons interested in the advancement of science, and scat-

tered throughout the State of New York. To these persons our in-

stitution pledged itself to secure a first-class instrument. The college

corporation desires to satisfy them by an announcement from an au-
thoritative quarter that it has faithfully fulfilled the trust, and that

the contractors have produced the exact instrument provided for in

the specifications of the contract.

Furthermore, as persons interested in the advancement of science,

and desirous that telescopes hereafter built in this country may be
thoroughly and satisfactorily tested, the undersigned, in behalf of the

college, would be glad to establish a precedent, which might lead the
purchasers of other astronomical instruments to submit the question

of their proper construction to your body, as being an institution cen-

tral in its position and national in its character.

We are authorized to state that the contractors join with the cor-

poration in this application.

Should this proposition be accepted by you, we would like to receive



THE SMITHSONIAN INSTITUTION. 79

notice to that effect, and of the namea of the gentlemen who may he

selected as such committee.
CHARLES AVERY,
ORIN ROOT,
OTHNIEL S. WILLIAMS,
THEODORE W. DWIGPIT,

Commiitee.

On motion of Mr. English, the following resolution was adopted

:

Besolved, That the letter of the committee of the trustees of Hamil-
ton College he referred to Messrs. Bache, Totten, and Henry, with
authority to comply with the request contained in said letter.

The following letter from the corresponding secretary of the Amer-
ican Academy of Arts and Sciences was read :

Boston and Cambridge, Ilassachusetta , August , 1855.

My Dear Sir : The following extract from*the record of the annual
meeting in May last has just been furnished me hy the recording sec-

retary :

"Professor Agassiz referred to the allusion in the librarian's report

to the Smithsonian Institution, and expressed in strong language his

sense of the indebtedness of the scientific world to that Institution, for

its enlightened efforts to diffuse knowledge, particularly as a medium
of exchange of publications. In conclusion, he moved that the thanks

of the academy he presented to the Smithsonian Institution, for its effi-

cient agency in effectingfor the academy its exchanges with societies and
individuals, which was unanimously adopted." *

I have great pleasure in forwarding to you the vote of the academy,
in obedience to its instructions.

And I remain, very respectfully, your obedient, faithful servant,

ASA GRAY,
Corres2)onding Secretary.

Professor Henry,
Secretary of the Smithsonian Institution.

The Board then adjourned to meet on Saturday, the 22d instant, at

11 o'clock a. m.

SATURDAY, Blarch 22, 1856.

The Board of Regents met this day, at 11 o'clock.

Present : Hon. R. B. Taney, the Chancellor, Messrs. Mason, Doug-
las, English, Warner, Totten, Towers ; Seaton, Treasurer, and the

Secretary.

The minutes of the last meeting were read and approved.

Mr. Mason stated that he had made an examination of the papers
referred to him relative to the Wynn estate.

After some remarks respecting the proper course to be pursued, on
motion of Mr. Douglas, it was
. Resolved, That Messrs. Mason and English be appointed a committee
to draught a bill, and present it to Congress at their discretion; ask-
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ing the authority for the Institution to receive funds or legacies, and
for power to sue and he sued.

Tlie Secretary presented the subject of the removal of the collection

of objects of natural history, now in the Patent Office, to the Smith-
sonian building.

The Secretary presented to the Board a manuscript work on bibli-

ography by Mr. Ludewig, which had originally been oifered to the
Smithsonian Institution, but which Mr. Trubner, a liberal and intel-

ligent publisher in London, had now undertaken to present to the
world at his own expense.

The following letter from Mr. Stone, of Washington, was read:

Mount Pleasant,
Washington City, February 13, 1856.

Dear Sir : Some time since I spoke to you of the propriety and ad-

vantage of procuring from Europe copies in plaster of the best antique

and modern statues and bas-reliefs. Having since reflected on the

importance of cultivating a taste for the fine arts in our country, I now
communicate to you my views, knowing that the object will find in

you a zealous friend and advocate,

I am aware, to undertake what is required will subject you to some
trouble and opposition, owing to the absence of that knowledge, to

procure which your exertions are solicited.

As the country advances in science, the elegancies of life are in de-

mand ; decorations, ornaments, &c,, in every fabric, find purchasers,

and the higher the state of refinement, the more is art required. To
meet this demand, it is requisite that we should have the advantage
of seeing what has already been done in sculpture to serve as a basis.

Thus, we may not only cultivate the talent of the artist, but the taste

of the consumer, and thus the arts will meet with proper encourage-
ment.

It is not expected that all who study from the models will acquire

equal eminence ; still all who work with zeal will be improved and
find employment in the various branches of trade that require culti-

vated talent, as in works of design, including the various factories for

using the loom for wool, cotton, or silk, potteries, including porcelain

ware, foundries, &c. Painters, architects, and sculptors are usually

thought to be those only benefited by schools of art ; but it is not so :

they are a few among the thousands who will be prepared to give

beauty and elegance to every fabric of manufacture known in the
mechanic arts.

On examination it will bo found that the cultivation of the art of

design will thus be of immense value to the country. On application

being made by our minister in Rome, casts would be permitted to be
taken from the moulds in the possession of the government, the cost of

which would be trifling. The statues would decorate the Smithsonian
building, and many could be so placed as to appear as accessories to it.

If a school of design is formed, it may be independent of the Institu-

tion. But should the Smithsonian Institution deem it of sufficient

importance, and consider it as one of the means of difi'usion of useful
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knowleclc;e among men, and grant an occasional Icctnrc as on other

suhjects,"it would accomplish mucli, and Congress may he made to

feel that the interests of the country demand their fostering care in

re<^ard to the arts, I think you will find that ours is the only gov-

ernment that has not seen and felt the importance to manuftictures of

cultivating the fine arts. The great strife with manufacturers is, to

obtain elegance and beauty without interfering with durability.

Beauty aucl symmetry should be made essentials in the manufacture

of thesimplest articles, as they may be attained without interfering

with more substantial qualities. Articles manufactured with elegance

and good proportion will always be preferred to those of only equal

streu^gth and durability, of uncouth form. It is true that we may
manufacture from forms and patterns produced by the forethought and

liberality of other nations, and still be inferior to what our own genius

would produce, were the facilities of cultivation in the fine arts made

equal with those of other nations. The free institutions of our country

cause men to rely in a measure on their own resources, thus early de-

veloping and practising those inventive powers so peculiar to our peo-

ple. We are not bound dow^n by the local laws and prejudices of socie-

ties, as in the Old World. Here a man, if he pleases, is his own
carpenter, mason, or smith. His inquiring mind and ingenuity leads

him to undertake and accomplish what he desires. How little will be

required to cultivate talent, and produce men who will record the

history of their country in marble or imperishable bronze—in the

language of nature, always to be understood. Our monuments and

antiquities will not carry with them the odor of royalty and nobility,

but forms of elegance and beauty.

Very respectfully, your obedient servant,

WILLIAM J. STONE.^
Prof. Henry,

Secretary Smithsonian Institution.

The Secretary exhibited a new form of meteorological blaialvS which
he had prepared for the joint use of the Institution and the Patent

Office, and also a simple form of the rain-gage, of which a. uumber
had been ordered for distribution to difierent parts of the country.

They are so constructed as to be readily transmitted by mail.

The Secretary presented the following resolutions, wliich had been

unanimously adopted by the Illinois State Board of Educatiou, at a

meeting held in March last

:

"Whereas the Illinois State Board of Education concur in the

opinion of the necessity and importance of the meteorological observa-

tions to be made, in accordance with the system established by the

Smithsonian Institution, of simultaneous observations in every State

of this Union ; and whereas that Institution lias undertaken to col-

lect and digest all the observations which may be made on this conti-

nent ; therefore,
" Resolved^ That we will co-operate with said Institution in order

to obtain full and reliable reports from the various sections of this

State.
'

' Resolved, That each member of this Board select some competeni
6
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and reliable person in his congressional district to take charge of the
observations in said district, and I'rom time to time report the same to

the secretary of our Board.
" liesolved, That a committee of four be appointed by the president

to memorialize the legislature for an appropriation to aid in the pur-
chase of a set of meteorological instruments for each congressional dis-

trict in our State.
^' Jtesolved, That be appointed actuaries, in behalf of

this Board, to collect and prepare sj)ecimens of the natural history

and products of our State, and to co-operate with that department of

the Smithsonian Institution."

The blank in. the last resolution was filled with the names of Eobt,
Kennicott, of Cook county ; Dr. J. Niglas, of Peoria county ; and
W. F. M. Arny, of McLean county.

The Secretary also j^resented from the author a manuscript trans-

lation of a memoir on the origin of the human race, by Baron Muller,

of Marseilles, France.

He also exhibited, a copy of the great work on Egypt by Lepsius,

presented to the library by the Prussian government ; a very expen-

sive and valuable work on Eussian antiquities, from the Imperial

Library at St. Petersburg ; a portfolio of colored engravings to illus-

trate the mosque of St. Sophia, Constantinople, from the Sultan ; and
other valuable donations and articles received in exchange.

The Board then adjourned, to meet at the call of the Secretary, and
.§,fterwards visited the different parts of the building.
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APTENDIX.

REPORT OF THE SENATE JUDICIARY COMMITTEE.*

The following is tlie report presented in the Senate on the 6th Feb-
ruary, 1855, by Judge Butler, from the Committee on the Judiciary,

to whom was referred the inquiry whether any, and if any, what, ac-

tion of tlie Senate is necessary and proper in regard to the Smithso-
nian Institution

:

" It seems to be the object of the resolution to require the committee
to say whether, in its opinion, the Regents of the Smithsonian Insti-

tution have given a fair and proper construction, within the range
of discretion allowed to them, to the acts of Congress putting into

operation the trust which Mr. Sraithson had devolved on the federal

government. As the trust has not been committed to a legal corpo-

ration subject to judicial jurisdiction and control, it must be regarded
as the creature of congressional legislation. It is a naked and hon-
orable trust, without any profitable interest in the government that

has undertaken to carry out the objects of the benevolent testator.

Thg obligations of good faith require that the bequest should be main-
tained in the spirit in which it was made. The acts of Congress on
this subject were intended to effect this end, and the question pre-

sented is this : Have the Regents done their duty according to the

requirements of the acts of Congress on the subject?

"In order to determine v/hether any, and if any, what, action of
the Senate is necessary and proper in regard to the Smithsonian In-

stitution, it is necessary to examine what provisions Congress have
already made on the subject^ and whether they have been faithfully

carried into execution.
" The money with which this Institution has been founded was be-

queathed to the United States by James Smithson, of London, to

found at Washington, under the name of the ' Smithsonian Institu-

tion,' an establishment 'for the increase and diffusion of knowledge
among men.' It is not bequeathed to the United States to be used
for their own benefit and advantage only, but in trust to apply to
' the increase and diffusion of knowledge' among mankind generally,

so that other men and other nations might share in its advantage as

well as ourselves.
" Congress accepted the trust, and by the act of August 10, 1846,

established an institution to carry into effect the intention of the tes-

tator. The language of the will left a very wide discretion in the
manner of executing the trust, and different opinions might very nat-

urally be entertained on the subject. And it is very evident by the

» Messrs. Butler, Toucey, Bayard, Geyer, Pettit, and Toombs.
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law atove referred to that Congress did not deem it advisable to pre-

scribe any definite and fixed plan, and deemed it more proper to con-

fide that duty to a Board of Regents, carefully selected, indicating

only in general terms the objects to which their attention was to be

directed in executing the testator's intention.

" Thus, by the filth section, the Regents were required to cause a

building to "be erected of sufficient size, and with suitable rooms or

balls, for the reception and arrangement, upon a liberal scale, of ob-

jects of natural history, including a geological and mineralogical

cabinet ; also a chemical laboratory, a library, a gallery of art, and

the necessary lecture-rooms. It is evident that Congress intended by

these provisions that the lunds of the institution should be applied to

increase knowledge in all of the branches of science mentioned in this

section—in objects of natural history, in geology, in mineralogy, in

chemistry, in the arts—and that lectures were to be delivered upon

such topics as the Regents might deem useful in the execution of the

trust. And publications by the institution were undoubtedly neces-

sary to diffuse generally the knowledge that might be obtained ;
for

any increase of knowledge that might thus be acquired was not to be

locked up in the institution or preserved only for the use of the citi-

zens of Washington, or persons who might visit the institution. It

was by the express terms of the trust, which the United States was

pledged to execute, to be diftused among men. This could be done

in no other way than by publications at the expense of the Institu-

tion. Nor has Congress prescribed the sums which shall be appro-

priated to these different objects. It is left to the discretion and judg-

ment of the Regents.

"The fifth section also requires a library to be formed, and the eighth

section provides that the Regents shall make from the interest an ajv-

propriation, not exceeding an average of twenty-five thousand dol-

lars annually, for the gradual formation of a library composed of val-

uable works pertaining to all departments of human knowledge. .

" But this section cannot, by any fair construction of its language,

be deemed to imply that any appropriation to that amount, or nearly

so, was intended to be required. It is not a direction to the Regents

to apply that sum, but a prohibition to apply more ;
and it leaves it

to the Regents to decide what amount within the sum limited can be

advantageously applied to the library, having a due regard to the

other objects enumerated in the law.
'' Indeed the eighth section would seem to be intended to prevent the

absorbtion of the funds of the Institution in the purchase of books.

And there would seem to be sound reason for giving it that construc-

tion ; for such an application of the funds could hardly be regarded as

a faithlul execution of the trust ; for the collection of an immense

library at Washington would certainly not tend ' to increase or dif-

fuse knowledge ' in any other country, not even among the country-

men of the testator ; very few even of the citizens of the United States

would receive any benefit from it. And if the money was to be so ap-

propriated, it would have been far better to buy the books and place

them at once in the Congress library. They would be more accepta-

ble to the public there, and it would have saved the expense of a costly
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bnilcUnG; and the salaries of the officers
;
yet nohodv wouhl have listened

to such a proposition, or consented that tlie United States sliould take

to itself and for its own use the money which they accepted as a trust

for '^the increase and diffusion of knowledge among men.'

''This is the construction which the Regents have given to the acts

of Congress, and, in the opinion of the committee, it is the true one
;

and, acting under it, they have erected a commodious huilding, given,

their attention to all the branches of science mentioned in the law, to

the full extent of the means afforded by the fund of the Institution,

and have been forming a library of choice and valuable books, amount-

ing already to more than fifteen thousand volumes. The books are,

for the most part, precisely of the character calculated to carry out the

intentions of the donor of the fund and of the act of Congress. They

are chiefly composed of works published by or under the auspices of

the numerous institutions of Europe which are engaged in scientific

pursuits, giving an accountof their respective researches and of new dis-

coveries whenever they are made. These works are sent to the ' Smith-

sonian Institution,' in return for the publications of this Institution,

which are transmitted to the learned societies and establishments abroad.

The library thus formed, and the means by which it is accomplished,

are peculiarly calculated to attain the object for which the munificent

legacy was given in trust to the United States. The publication of

the results of scientific researches made by the Institution is calculated

to stimulate American genius, and at the same time enable it to bring

before the public the fruits of its labors. And the transmission of

these publications to the learned societies in Europe, and receiving in

return the fruits of similar researches made by them, gives to each the

benefit of the 'increase of knowledge' which either may obtain, and

at the same time diffuses it throughout the civilized world. The
library thus formed will contain books suitable to the present state of

scientific knowledge, and will keep pace with its advance
;
and it ig

certainly far superior to a vast collection of expensive works, most of

which may be found in any public library, and manv of which are mere

objects of curiosity or amusement, and seldom, if ever, opened by any

one engaged in the pursuits of science.

"These operations appear to have been carried out by the Re-

gents, under the immediate superintendence of Prof. Henry, with

zeal, energy, and discretion, and with the strictest regard to economy

in the expenditure of the funds. Nor does there seem to be any other

mode which Congress could prescribe or the Regents adopt which

would better fulfil the high trust which the United States have un-

dertaken to perform. No fixed and immutable plan prescribed by law

or adopted by the Regents would attain the objects of the trust.
^

It

was evidently the intention of the donor that it should be carried into

execution by an institution or establishment, as it is termed in his

will. Congress has created one, and given it ample powers, but di-

recting its attention particularly to the objects enumerated in the

law ; and it is the duty of that Institution to avail itself of the lights

of experience, and to change its plan of operations when they are

convinced that a different one will better accomplish the objects of the

trust. The Regents have done so, and wisely, for the reasons above
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stated. The committee see notliing, therefore, in their conduct whicli

calls for any new legislation or any change in the powers now exer-

cised by the Kegents.

"For many of the views and statements in the foregoing report the
committee are indebted to the full and luminous reports of the Boird
of Regents. From the views entertained by the committee, after an
impartial examination of the proceedings referred to, the committee
have adopted the language of the resolution, ' that no action of the

Senate is necessary and proper in regard to the Smithsonian Institu-

tution ; and this is the unanimous opiiiion. of the comwAttceJ
'*
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LECTUHES
DELIVERED AT THE SMITHSONIAN INSTITUTION,

SUBSTANCE OF A COUKSE OF LECTURES ON MARINE
ALG^

»Y WILLIAM HENRY HARVEY,
OF THE CNIVERSITir OF DCBLIS.

jTrofessor Harvey visited this countiy for the purpose of studying the marine Algce or

sea-weeds of our coast. Two parts of his work have been printed by the Smithsonian
Institution, and a tliird will appear soon after his return from his explorations on the

coixsts of the PaciSc ocean.]

Among tli<3 plants which constitute the ordinary covering of the

ground, whether tliat covering be one of forests, peopled by vegetable
giants, or of the herbage and small herbaceous plants that clothe the

open country, we observe that the greater number— at least of those
which ordinarily force themselves on our notice—have certain obvious
organs or parts : namely a root by which they are fixed in the ground,
and through which they derive their nourishment from the fluids of

the soil; a ste^n or axis developed, in ordinary cases, above ground
;

leaves which clothe that stem, and in which the crude food absorbed
by the roots and transmitted through the stem is exposed to the
influence of solar light and of the air ; and, finally, special modi-
fications of leaf buds called ^Offers, in which seeds are originated and
brought to maturity. These seeds, falling from the parent plant,

endowed with an independent life under whose influence they germi-
nate, attract food from surrounding mineral matter ; digest it ; organize

it, that is, convert it from dead substance into living substance ; form
new parts or organs from this prepared matter ; and, finally, grow
into vegetables, having parts similar to those of the parent plant,

and similarly arranged.
This is tlie usual course of vegetation : seeds develop roots, stems,

and leafy branches ; the latter at maturity bear flowers, producing
similar seeds, destined to go through a like course ; and so on, from
one vegetable generation to another. But, with a perfect agreement
among seed-bearing plants in the end proposed and attained, there is

an endless variety of minor modifications through which the end is

compassed. All degrees of modification exist between the simplest
and most complicated digestive organs ; in some, the root, stem, and
leaves are so blended together, that we lose the notion of distinct or-
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gans, and in others the leaves are reduced to scales or spines, while

the stem and hranches are expanded and become not merely leaf-like,

but actually discharge the functions of leaves. In the reproductive

organs or flowers, too, we find equal variety ; from the most elaborate

and often gorgeous structures to the simplest and plainest, till at last

we arrive at flowers, whose organization is so low that not only have

calyx and ct)rolla disappeared, but the very seed-vessel itself is re-

duced to an open scale or is wholly absent. Yet in all tliese modifi-

cations it is merely the means that are varied ; the end proposed is as

efficiently attained by the simplest agency as by the most complex ; as

if the Creator had designed to show us plainly how it is the same to

Him to act by many or by few, by the most elaborate arrangement
when He wills it, and by the simplest when that is His pleasure.

In all the cases of which we have as yet spoken, seeds are the result

of the vegetable cycle ; a seed being a compound body, containing an

emhryo or miniature plant, having stem, root, and leaf already organ-

ized, and enclosed with proper coverings or seed coats. But some
plants do not produce such seeds. At least one-sixth of the vegetable

kingdom, perhaps more, are propagated by isolated cells (or spores)

cast loose froin the structure of which they had formed a portion, and
endowed thenceforth with independent powers of growth and devel-

opment. Such are the reproductive bodies of the Ferns, the Mosses,

and all plants below them in the vegetable scale, concluding with the

large class to which our attention will now be confined—the Alg^e

—

wliich of all are the lowest and simplest in organisation.

The framework of every vegetable is built up oi' cells, little mem-
branous sacks of various forms, with walls of varying tenacity, empty,

or containing fluid or granular, organized matter, from which new
cells may be developed. Among more perfect plants there is, in dif-

ferent parts of the same individual, considerable variety in the form
and substance of the cells ; those of the wood and of the veins of

the leaves being different from those of the soft part of the leaves,

and these again different from those of the skin which is spread over

the whole. But as we descend in the scale of organization, greater

and greater uniformity is found. Below the Ferns, no vascular tissne

and no proper wood-cells occur ; and at last in the Algje, no cells

exist differing from those of ordinary parenchyma or soft cells, such

as compose the pulp of a leaf. Alga?, then, together with Mosses,

Lichens, and Fui/gi, are termed cellular plants, in contradistinction

to Ferns and Flowering jjlants, which are denominated vascular.

Among the most perfect of the Algje, however, though the cells are

all of the same substance and nature, all parencJdmatic, they are of

various forms and arrangement in different portions of the vegetable,

often keeping up a very perfect analogy with the double system of

arrangement— the vertical and horizontal, or woody and cellular sys-

tems—of higher plants. Thus the cells of the axis of the compound
cylindrical Alga3 are arranged longitudinally, like the wood-cells of

stems, while those of the periphery or outer coating of the same Alga?

have a horizontal direction.

In the most perfect of such Algas the frame still consists of root,

stem, and leaves, developed in an order analogous to that of higher

plants. Passing from such, we meet with others gradually less and
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less perfect, until the wtolc vegetable is reduced either to a root-like

body, or a branching naked stem, or an expanded leaf; as if Nature

had first formed the types of the compound vegetable organs so named
and exhibited them as separate vegetables ; and then, by combining

them in a single framework, had built up her perfect idea of a fully

organized plant. But among the Alg;G, we may go still lower in

vegetable organization, and arrive at ])lants where tlie wh(de body is

comi)osed of a few cells strung together ; and finally at others—the

simplest of known vegetables—whose whole framework is a single

cell. Tbese are the true vegetable monads: with these we commence
the great series of the Algaa at its lowest point, and proceeding iip-

wards we find, within the limits of this same series, all degrees of

complication of framework short of the development of proper flowers.

It is this progressive organization of the Algt\3 which renders the

study of this portion of the vegetable world especially interesting to

the philosophical botanist, because it displays to him, as in a mirror,

something of that general plan of development which Nature has fol-

lowed in constructing other and more compound ])lants, in Avhich her

steps are less easily traced. From its first conception within the ovule

to its full development, one of the higher plants goes tlirough transform-

ations strictly analogous to stages of advancement that can be traced

among the Alga3 from species to species, and from genus to genus,

from the least perfect to the most perfect of the group. Each Alga-

species has its own peculiar phase of development, which it reaches,

and there stops ; another species, passing this condition, carries the

ideal plan a step further ; and thus successive species exhibit succes-

sive stages of advancement.
While their gradually advancing scale of development renders the

study of these plants more interesting, it also increases the difficulty

of constructing a short and yet definite character, or diognoais, which
will exclude every member of the grouj), and exclude species more
properly referable to the kindred groups of Lichens and Fungi. I

shall not here attempt any such critical definition, but proceed to trace

the gradual evolution of the frond and of the organs of fructification

in the Algaa, assuming that with the Alg^e are to be classed all Thallo-

phytes (or Cryptogamic plants destitute of proper axes, in the more
restricted view of that term) which are developed in water, or nour-

ished wholly through the medium of fluids, while all Thallophytes

that are atrial and not parasitic are Lichens, and all that are asrial

and parasitic are Fungi.
Commencing then with Alga3 of the simplest structure, a large part

of them, belonging to the orders Diatomacece and Desmidiacece, con-

sist almost entirely of individual isolated cells. Each plant, or frond,

is formed of a single living cell ; destitute therefore of any special

organs, and performing every function of life in that one universal

organ of which its frame consists. The growth of these simple plants

is like that of the ordinary cells of which the compound frame of

higher plants is composed. Nourishment is absorbed through the mem-
branous coating of the young plant (or cell), digested within its sim-

jfle cavity, and the assimilated matter applied to the extension of the

cell-wall, until that has reached the size proper to tlie species. Then
the matter contained within the cavity gradually separates into two
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portions, and at the same time a cell-wall is .farmed between eacli por-

tion, and thus the original simple cell becomes two cells. These no

longer cohere together, as cells do in a compound plant, but each

hall-cell separates from its fellow, and commencing an independent

career, digests ibod, increases in size, divides at maturity, &c., going

again and again through a similar round of changes. In this way,

by the process of self-division, and without any fructification, a large

surface of water may soon be covered with tliese vegetable monads,

from the mere multiplication of a single individual.

These minute plants, {Dlatomacece and Denmidiacexe) from their

microscopic size and uniform and simple structure, are justly regarded

as at the base of the vegetable kingdom. Notwithstanding which

lowly position in the scale of being, they display an infinite variety

of the most exquisite forms and finely sculptured surfaces
;
so that

their study affords as much scope for the powers of observation as

does that of the creation which is patent to our ordinary senses.

These tribes are, however, omitted from this essay, because they have

been made the objects of special inquiry by Professor Bailey of AVest

Point, whose memoirs in the volumes of the Smithsonian Contribu-

tions are referred to for further information.

But Dcsmidiacece and Dlatomacece are not the only Algro of this

simple structure. The lowest forms of the order FalmeUaceoi, such

as the Frotococcus or Red snoiv plant, have an equally simple organ-

ization. The blood-red color of Alpine or Arctic snow which has

been so often observed by voyagers, and v/hich was seen to spread over

so vast an extent of ground by Captain Pioss, in his first Arctic journey,

is due to more than one species of microscopic plant, and to some

minute infusorial animals which perhaps acquire the red color from

feeding on the Frotococcus among which they are found. ^ The best

known and most abundant plant of this snow vegetation is the Fro-

tococcus nivalis, which is a spherical cell, containing a carmine-red

globe of granulated, semi-fluid substance, surrounded by a hyaline

limbus or tliick cell-wall. At maturity the contained red matter

separates into several spherical portions, each of which becomes

clothed with a membranous coat ; and thus forming as many small

cells. The walls of the parent whose whole living substance has

thus been appropriated to the offspring, now burst asunder, and the

progeny escape. These rapidly increase in size until each acquires

the dimensions of the parent, when the contained matter is again

separated into new spheres
;
giving rise to new cells, to undergo in

their turn the same changes. And as, under favorable circumstances,

but a few hours are required for this simple growth and development,

the production of the red snow plant is often very rapid : hence the

accounts frequently given of the sudden appearance of a red color in

the snow, over a wide space, which appearance is ascribed by common
report to the falling of bloody rain or snow. In many such cases it

is probable that the Frotococcus may have existed on the portion of

soil over which the snow fell, and its development may have merely

kept pace with the gradually deepening sheet of snow. That this

plant is not confined to the surface of snow is well known ;
and Cap-

tain Eoss mentions that in many places where he had an opportunity
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of examining it, lie found that it extended several feet in depth. It

lias been luiind both in Sweden and Scotland on rocks, in places re-

mote from snow deposites ; and it probably lies dormant, or slowly

vegetates in such cases, waiting for a supply of snow, in which it grows

with greater ra})idity.

The structure and development which I have described as charac-

terizing ProtococcHs, are strikingly similar to those of what are com-

monly considered minute infusorial animals, called Volvox ; tlie chief

difference between Proiococcus and Volvox being that the latter is

clothed with vibratile hairs, by the rapid motion of which the little

spheres are driven in varyiug directions through the water. Many
naturalists, and some of high note, are now of o])inion that Volvox and

its kindred should be classed with the Algie, and certainly (as we shall

afterwards see) their peculiar ciliary motion is no bar to this associa-

tion. I do not pronounce on this question, because it does not im-

mediately concern our present subject, and because, in all its collat-

eral bearings, it requires more attentive examination than it has yet

undergone.
In Frotococcus the cell of which the plant consists is spherical or

oval ; in other equally elementary Algaj the cell is cylindrical, and

sometimes lengthened considerably into a thread-like body. Such is

the formation of Oscillaforice. In Vaucherice there is a further advance,

the filiform cell becoming branched without any interruption to its

cavity ; and such branching cells frequently attain some inches in

length, and a diameter of half a line, constituting some of the largest

cells known among plants.

In all these cases each cell is a separate individual : such plants

are therefore the simplest expression of the vegetable idea. But even

in this extremest simplicity we find the first indication of the struc-

ture which is to be afterwards evolved. Thus in the spherical cell we
have the earliest type of the cellular system of a compound plant

developing equally in all directions; and in the cylindrical cell, the

illustration of the vertical system developing longitudinally. These

tendencies, here scarcely manifest, become at once obvious when the

framework begins to be composed of more cells than one.

Thus in the genera nearest allied to Frotococcus, the frond is a

roundish mass of cells cohering irregularly by their sides. From
these through Falmtlla and Tetraspora we arrive at Viva, where a

more or less compact membranous expansion is formed by the lateral

cohesion of a multitude of noundish (or, by mutual pressure, polygonal)

cells originating in the quadri-partition of older cells ; that is, by the

original ceils dividing longitudinally as well as transversely, thus

forming four new cells from the matter of the old cell, and causing

the cell-growth to proceed nearly equally in both directions. Start-

ing, therefore, from Frotococcus, and tracing the development through
various stages, we arrive in JJlva at the earliest type of an expanded
leaf.

In like manner the earliest type of a stem may be found by tracing

the Alga3 which originate in cylindrical cells. Here the new cells

are formed in a longitudinal direction only, by the bipartition of the

old cells. Thus, in Conferva^ where the body consists of a number
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of cylindrical cells, strun^; end to end, these have originated by the

continual transverse division of an original cylindrical cell. Such a

frond will continually lengthen, but will make no lateral growth;

and consisting of a series of joints and interspaces, it correctly sym-

bolizes the stem of one of the higher plants, formed of a succession

of nodes and internodes. And the analogy is still further preserved

when such confervoid threads branch ; for the branches constantly

originate at the joints or nodes, just as do the leaves and branches of

the higher compound plants.

We have then two tendencies exhibited among Algfe—the first, a

tendency to form membranous expansions, the symbols or types of

leaves ; the second, a tendency to form cylindrical bodies or_ stems.

Among the less perfect Alga3 the whole plant will consist either of

one of these foliations, or of a simple or branched stem. But

gradually both ideas or forms will be associated in the same in-

dividual," and exhibited in greater or less perfection. We shall find

stems becoming flattened at their summits into leaves, and leaves, by

the loss of their lateral membranes, and the acquisition of thicker

midribs, changing into stems ; and among the most highly organized

Algfe we shall find leaf-like lateral branches assuming the form, and

to a good degree the arrangement of the leaves of higher plants. Not

that we find among Algre proper leaves, like those of pha3nogamous

plants, constantly developing buds in their axils ;
for even where

leaf-like bodies are most obvious (as in the genus Sargassum,) they

are merely Phyllodadia or expanded branches, as may readily be

seen by observing a Sargassum in a young state, and watching the

gradual changes that take place as the frond lengthens. These

changes will bo explamed in the systematic portion of my work.

I shall now notice more particularly the varieties of habit observed

among the compound Algte; and first,

OF THE ROOT.

The root among the Algas is rarely much developed. Among
higher plants which derive their nourishment from the soil in which

they grow, and in Fungi which feed on the juices of organized bodies,

root-fibres, through which nourishment is absorbed, are essential to

the development of the vegetable. But the Alg.-e do not, in a general

way, derive nourishment from the soil on which they grow. We
find them growing indifferently on rocks "of various mineralogical

character, on floating timber, on shells, on iron or other metal, on

each other—in fine, on any substance which is long submerged, and

which affords a foothold. Into none of those substances do they emit

roots, nor do we find that they cause the decay, or appropriate to

themselves the constituents, of those substances. They are nourished

by the water that surrounds them and the various substances which

are dissolved in it. On those substances they frequently exert a

very remarkable power, effecting chemical changes which the chemist

can imitate only by the agency of the most powerful apparatus.

They actually sometimes reverse the order of chemical afiEinity,

driving out the stronger acid from the salts which they imbibe, and
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causing a weaker acid to unite witli the base. Thus they decompose
the muriate of soda which they absorb from sea-water, })artly freeing

and partly apiiropriating the chlorine and hydrogen ; and the soda

is found combined in their tissues with carbonic acid.

A remarkable instance of the action of a minute Alga on a chemi-
cal solution was pointed out to me by Prof. Bache, as occurring in

the vessels of sulphate of co})per kept in the electrotyping department
of the Coast Survey office at Washington. A slender confervoid Alga
infests the vats containing sulphate of copper, and proves very
destructive. It decomposes the salt, and assimilates the sulphuric

acid^ rejecting (as indigestible !) the copper, which is deposited round
its threads in a metallic form. It sometimes appears in great quan-
tities, and is very troublesome ; but the vats had been cleaned a few
days before I visited them, so that I lost the opportunity of examining
more minutely this curious little plant. Most probably it is a spe-

cies of Hi/grocrocis,* a group of Alga3 of low organization but strong
digestive powers, developed in various chemical solutions or in the
waters of mineral springs. All the Alga?, however, which are found
in such localities are not species of Hygrocrocis, for several Oscillatorice

and Calothrices occur in thermal waters. Species of the former genus
are found even in the boiling waters of the Icelandic Geysers. Of
the latter, one species at least, Calofhrix nivea, is very common in

hot sulphur springs, and I observed it in great plenty in the streams
running from the inflammable springs at Niagara.
But on whatever substance the Alga may feed, it is rarely obtained

through the intervention of a root. Dissolved in the water that

bathes the whole frond, the food is imbibed equally through all the

cells of the surface^ and passes from cell to cell towards tliose parts

that are more actively assimilating, or growing more rapidly. The
root, where such an organ exists, is a mere holdl'ast, intended to keep
the plant fixed to a base, and prevent its being driven about by the
action of the v/aves. It is ordinarily a simple disc, or conical expan-
sion of the base of the stem, strongly applied and firmly adhering to

the substance on which the Alga grows. This is the usual form
an^ong all the smaller growing kinds. Where, however, as in the
gigantic Oar-weeds or Laminar ice, the frond attains a large size,

offering a proportionate resistance to the waves, the central disc is

strengthened by lateral holdfasts or discs formed at the bases of side

roots emitted by the lower part of the stem
;
just as the tropical

Screw-pine (Pandanus) puts out cables and shrouds to enable its

slender stem to support the weight of the growing head of branches.
The branching roots of the Laminaria, then, are merely F'ucus-d'isca

become compound : instead of the conical base of a Fucus, formed of

a single disc, there is a conical base formed of a number of such discs

disposed in a circle. In some few instances, as in Macrocystis, the

grasping fibres of the root develop more extensively, and form a

matted stratum of considerable extent, from which many stems spring

* Perhaps the Ilygrocrods cuprita, Kiitz, or some allied species ; but I had no opportunity
of examining a recent specimen, and the characters cannot be made out from a dried one.
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up. This is a furtlier modification of the same idea, a further exten-

sion of the base of the cone.

In all these cases the roots extend over flat surfaces, to which they

adhere by a series of discs. They show no tendency to penetrate

like the branching roots of perfect plants. The only instances of such

penetrating roots among the Alga? with which I am acquainted, occur

in certain genera of Siphonece and in the Caulerpece, tropical and sub-

tropical forms, of which there are numerous examples on the shores

of the Florida Keys. These plants grow either on sandy shores or

among coral, into which their widely extended fibrous roots often

penetrate for a considerable distance, branching in all directions, and
forming a compact cushion in the sand, reminding one strongly of the

much divided roots of sea-shore grasses that bind together the loose

sands of our dunes. But neither in these cases do the roots appear to

differ from the nature of holdfasts, and their ramification and exten-

sion through the sand is probably owing to the unstable nature of

such a soil. It is not in search of nourishment, but in search of

stability, that the fibres of their roots are put forth, like so many
tendrils. We shall have more to speak of these roots in the proper

j-)lace, and shall now proceed to notice some of the forms exhibited

by-

THE FROND.

T^he frond or vegetable body of the compound Alga3 puts on a great

variety of shapes in different families, as it gradually rises from

simpler to more complex structures. In the less organized it consists

of a string of cells arranged like the beads of a necklace
;
and the

cells of which such strings are composed may be either globose or

cylindrical. In the former case we have a moniliforni string or fila-

ment, and in the latter a filiform or cylindrical one. The term filcmierd

(in Latin, ^'^wm) is commonly applied to such simple strings of cells,

but has occasionally a wider acceptation, signifying any very slender,

threadlike body, though formed of more than one series of cells.

This is a loose application of the term, and ought to be avoided. By
Kutzing the term trichoma is substituted for the older word filum or

filament. Where the filament (or trichoma) consists of a single series

of consecutive cells, it appears like a jointed thread
; each individual

cell constituting an articulation, and the walls between the cells form-

ing dissepiments or nodes, terms which are frequently employed in

describing plants of this structure. Where the filament is composed
of more series of cells than one, it may be either articulated or in-

articulate. In the former case, the cells or articulations of the

minor filaments which compose the common filament are all of equal

length ; their dissepiments are therefore all on a level, and divide the

compound body into a series of nodes and internodes, or dissepiments

and articulations. In the latter, the cells of the minor filaments are

of unequal length, so that no articulations are obvious in the com-
pound body. In Polysiphonia and lihodomela may be seen examples
of such articulate and inarticulate filaments.

By Kutzing the terra johycoma is applied to such compound stems
;
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and when the pliycoma "becomes flattened or loaf-like, a new term,
phylloma, is given' to it by the same author. These terms are some-
times convenient in describing particular structures, though not yet
generally adopted. Tiie cells of which compound stems (or pliyco-

mata) are composed are very variously arranged, and on this cellular

arrangement, or internal structure of the stem, depends frequently
the place in the system to which the plant is to be referred. A close

examination, therefore, of the interior of the frond, by means of thin
slices under high powers of the microscope, is olten necessary, before

we can ascertain the position of an individual plant whose relations

we wish to learn. Sometimes all the cells have a longitudinal direc-

tion, their longer axes being vertical. Very frequently, this longi-

tudinal arrangement is found only towards the centre of the stem,
while towards the circumference the cells stand at right angles to

those of the centre, or have a horizontal direction. In such stems we
distinguish a proper axis, running through the frond, and a periphery,
ox peripheric stratum, forming the outside layer or circumference.
Sometimes the axis is the densest portion of the frond, the filaments
of which it is composed being very strongly and closely glued to-

gether
; in other cases it is very lax, each individual fihiment lying

apart from its fellow, the interspaces being filled up with vegetable
mucus or gelatine. This gelatine differs greatly in consistence ; in

some Algte it is very thin and watery, in others it is slimy, and in
others it has nearly the firmness of cartilage. On the degree of its

compactness and abundance depends the relative substance of the
plant ; which is membranaceous where the gelatine is in small quan-
tity; gelatinous where it is very abundant and somewhat fluid

; or
cartilaginous where it is firm.

The frond may be either cylindrical or stem-like, or more or less

compressed and flattened. Often a cylindrical stem bears branches
which widen upwards, and terminate in leaf-like expansions, which
are of various degrees of perfection in different kinds. Thus some-
times the leaf, or phyUorna, is a mere dilatation ; in other cases it is

traversed by a midrib, and in the most perfect kinds lateral nervelets
issue from the midrib and extend to the margin. These leaves are
either vertical, which is their normal condition, or else they are in-

clined at various angles to the stem or axis, chiefly from a twisting
in their lamina, the insertion of the leaf preserving its vertical posi-

tion. They are variously lobed or cloven, and in a few cases (as in

the Sea Colander of the American coast) they are reguhirly pierced,

at all ages, with a series of holes which seem to originate in some
portions of the lamina developing new cells with greater rapidity than
other parts, thus causing an unequal tension in various portions of the
frond, and consequently the production of holes in those places where
the growth is defective. Such plants, tliough they form hice-like

fronds, are scarcely to be considered as net-works. Net-like fr(mds
are, however, formed by several Alg;e where the branches regularly
anastomose one with another, and form meshes like those of a net.

Most species with this structure are peculiar to the Southern Ocean,
but in the waters of the Caribbean Sea are found two or three which
may perhaps yet be detected on the shores of the Florida Keys. In
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one of tlie Australian genera of tliis structure (Claudea) the net-work

is formed by the continual anastomosis of minute leaflets, each of

which is iurni^hed with a midrib and lamina. The apices of the mid-

ribs of one series of these leaves grow into the dorsal portion of leaves

that issue at right angles to them, and as the leaves having longitudi-

nal and horizontal directions, or those that form the warp and weft

of the frond, are of minute size and closely and regularly disposed,

the net-work that results is lace-like and delicately beautiful.

In the Hydrodictyon, a fresh-water Alga, found in ponds in Europe

and in the United States, where it was first detected by Professor

Bailey near West Point, a net-like frond is formed in a dilterent man-
ner. This plant when fully grown resembles an ordinary fishing-net

of fairy size, each pentagonal mesh being formed of five cells, and one

ceil making a side of the pentagon. As the plant grows larger, the

meshes become wider by the lengthening of the cells of which each

mesh is comi)osed. When at maturity, the matter contained within

each cell of the mesh is gradually organized into granules, or germs

of future cells, and these become connected together in fives while yet

contained in the parent cell. Thus meshes first, and at length little

microscopic net-works, are formed within each cell of the meshes of

the old net ; and this takes place before the old net breaks up. At
length the cells of the old net burst, and from each issues forth the

little net-work, perfectly formed, but of very minute size, which, by

an expansion of its several parts, will become a net like that from

which its parent cell was derived. Thus, supposing each cell of a

single net of the Hydrodictyon were to be equally fertile, some myriads

of new nets would be produced from every single net as it broke up

and dissolved. In this way a large surface of water might be filled

with the pdant in a single generation.

The manner of growth of the frond is very various in the different

families. In some, the body lengthens by continual additions to its

apex, every branch being younger the further removed it is from the

base ; that is, the tips of the branches are the youngest parts. This

is the usual mode ot growth in the Confervoid genera, and also ob-

tains in many of those higher in the series, as in the Fucacea; and

many other Melanosperms. In the Laminariai, on the contrary, the

apex, when once formed, does not materially lengthen, but the new
growth takes place at the base of the lamina, or in the part where the

cylindrical stipe passes into the expanded or leaflike portion of the

frond. In such plants the apex is rarely found entire in old speci-

mens, but is either torn by the action of the waves or thrown off alto-

gether, and its place supplied by a new growth from below. In sev-

eral species this throwing off of the old frond takes place regularly at

the close of each season ; the old lamina being gradually pushed off

by a young lamina growing under it. There are others, among the

filiform kinds, in which the smaller branches are suddenly deciduous,

falling off from the larger and permanent portions of the trunk, as

leaves do in autumn from deciduous trees. Plence specimens of these

plants collected in winter are so unlike the summer state of the spe-

cies, that to a person unacquainted with their habits they would appear

to be altogether different in kind. The summer and winter states of
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Rhodomela suhfusca are thus different. In Desmaresiia aculeafa the

young plants, or the younger branches of ohl phants, are clothed with

soft pencils of delicate jointed filaments, wliicli i'all oft" when the frond

attains maturity, and leave naked, thorny branches behind. Similar

delicate hairs are found in many other Alg;e of very different families,

generally clothing the younger and growing parts of the frond
;
and

they seem to be essential organs, probably engaged in elaborating the

crude sap of these plants, and consequently analogous to the leaves of

perfect plants. This is as yet chiefly conjectural. The conjecture,

however, is founded on the observed position of these hair-like bodies,

which are always found on growing points, the new growth taking

place immediately beneath their insertion. In most cases these hairs

are deciduous ; but in some, as in the genus Dasya, they are persist-

ent, clothing all parts of the frond so long as they continue in vigor.

They vary much in form, in some being long, filiform, single cells
;

in others, unbranched strings of shorter cells, and in others dichoto-

mous, or, rarely, pinnated filaments.

Three principal varieties of

COLOR

are generally noticed among the Algaa, namely. Grass-green or Her-

baceous, Olive-green, and Med; and as these classes of color are

pretty constant among otherwise allied species, they afford a ready

character by which, at a glance, these plants may be separated intO'

natural divisions ; and hence color is here employed in classification

with more success than among any other vegetables. In the subdi-

vision of Alg;e into the three groups of Chlorosperms, MelanospermSy

and Pihodosperms , the color of the frond is, as we shall afterwards see,,

employed as a convenient diagnostic character. It is a character,

however, which must be cautiously applied in practice by the student,,

because, though sufficiently constant on the whole and under ordinary

circumstances, exceptions occur now and then ; and under special cir-

cumstances Alga3 of one series assume in some degree the color of

either of the other series.

The green color is characteristic of those that grow either in fresh

water or in the shallower parts of the sea, where they are exposed to

full sunshine but seldom quite uncovered by water. Almost all the

fresh-water species are green, and perhaps three fourths of those that

grow in sunlit parts of the sea ; but some of those of deep water are of

as vivid a green as any found near the surface, so that we cannot as-

sert that the green color is owing here, as it is among land plants,

to a perfect exposure to sunlight. Several species of Caiderpa, Ana-
dyomene, Codium, Bryopsis and others of the Siphoneas, which are not

less herbaceous or vivid in their green colors than other Chloro-

sperms, frequently occur at considerable depths, to which the light

must be very imperfectly transmitted.

AlgJB of an olivaceous color are most abundant between tide-marks,

in places where they are exposed to the air, at the recess of the tide,

and thus alternately subjected to be left to parch in the sun, and to

be flooded by the cool waves of the returning tide. They extend, how-
ever, to low-water mark, and form a broad belt of vegetation about

7
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that level, and a few straggle into deeper water, sometimes into very

deep water. The gigantic deep-water Algas, 3Iacrocystis , Nereocys-

tis, Lessonia, and Diirvillcea, are olive-colored.

i?e(i-colored AlgfB are most abundant in the deeper and darker

parts of the sea, rarely growing in tide pools, except where they are

shaded from the direct beams of the sun either by a projecting rock,

or by over-lying olivaceous AlgtB. The red color is always purest

and most intense when the plant grows in deep water, as may be seen

by tracing any particular species from the greatest to the least depth

at which it is found. Thus, the common Ceramium ruhrum in deep
pools or near low-water mark is of a deep, full red, its cells abun-
dantly filled with bright carmine endochromCj which will be dis-

charged in fresh water so as to form a rose-colored infusion ; but the

same plant, growing in open, shallow pools, near high-water mark,
where it is exposed to the sun, becomes very pale, the color fading

through all shades of pink down to dull orange or straw-color. It

is observable that this plant, which is properly one of the red series

(or Rhodosperms,) does not become grass-green (or like a Chlorosperm)
by being developed in the shallower water, but merely loses its capa-

city for forming the red-colored matter peculiar to itself So, also,

Laurencia pinnatifida, and other species of that genus, which are nor-

mally darkpurjile, are so only when they grow near low-water mark.
And as many of them extend into shallower parts, and some even
nearly to high-water limit, we find specimens of these plants of every

shade of color from dull purple to dilute yellow or dirty white.

Similar changes of color, and from a similar cause, are seen in Chon-
drus crispus, the Carrigeen or Irish Moss, which is properly of a fine

deep purplish red, but becomes greenish or whitish when growing in

shallow pools. The lohite color, therefore, which is preferred in car-

rigeen by the purchaser of the prepared article, is entirely due to

bleaching and repeated rinsing in fresh water.

Many Alga?, both of the olive and red series, and in a less perfect

manner a few of the grass-green also, reflect prismatic colors when
growing under water. In some species of Cystoseira, particularly in

the European C. ericoides and its allies,, these colors are so vivid that

the dull olive-brown branches appear, as they wave to and fro in the

water, to be clothed with the richest metallic greens and blues,

changing with every movement, as the beams of light fall in new di-

rections on them. Similar colors, but in a less degree, are seen on
Ghondrus crispus when growing in deep water ; but here the prismatic

coloring is often confined to the mere tips of the brandies, which
glitter like sapphires or emeralds among the dark purple leaves. The
cause of these changeable colors has not been particularly sought
after. The surface may be finely striated, but it does not seem to be
more so than in other allied species, where no such iridescence has

been observed. In the Chondrus the changeable tints appear to

characterize those specimens only which grow in deep water, and
which are stronger and more cartilaginous than those which grow in

shallow pools.

Fresh water has generally a very strong action on the colors as

well as on the substance of marine Algas which are plunged into it.
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To many it is a strong poison, rapidly dissolving the gelatine which

connects the cells, and dissolving also the walls of the cells them-

selves ; and that so quickly that in a few minutes one of these delicate

plants will be dissolved into a shapeless mass of hroken cells and

slime. Many species which, when fresh from the sea^ resist the action

of fresh water, and may he steeped in it without injury for several

hours, if again moistened after having once been dried, will almost

instantly dissolve and decompose. This is remarkably the case with

several species of Gigartina and Iridoea. The first effect of fresh water

on the red colors of AlgiTi is to render them brighter and more clear.

Thus Dasya coccinea, Gelidium cartilagineum, Flocamium coccineum,

and others, are when recent of a very dark and somcAvhat dull red

color ; but when exposed either to showers and sunsliino on the

beach, or to fresh-water baths in the studio of the botanist, become of

various tints of crimson or scarlet, according as the process is con-

tinued for a less or greater length of time. At length the coloring

matter would be expelled and the fronds bleached white, as occurs

among the specimens cast up and exposed to the long continued action

of the air ; but if stopped in time and duly regulated, the colors may
be greatly heightened by fresh water. Some plants which are dull

brown when going into the press, come out a fine crimson
;
this is the

case with Delesseria sanguinea, though that plant is not always of a

dull color when recent. Others, which are of the most delicate rosy

hues when recent, become brown or even black when dried. This is

especially the case in the order RJiodomelacece , so named from this

tendency of their reds to change to black in drying. The tendency

to become black, though it cannot be altogether overcome in these

plants, may often be lessened by steeping them in fresh water for some
time previous to drying. Hot water generally changes the colors of

all Alga3 to green, and if heat be applied during the drying process, an
artificial green may be imparted to the specimens ; but such a mode
of preparation of specimens ought never to be practised by botanical

collectors, though it may sometimes serve the purpose of makers of

seaweed pictures.

THE FRUCTIFICATION

of the Alg.'c will be more fully described in the systematic portion

of my work, when speaking of the various forms it assumes in the

dijEferent families. I shall at present, therefore, limit myself to a

very few general observations. The spore or reproductive gem-
mule of the Alga3 is in all cases a simple cell, filled with denser and
darker colored endochrome (or coloring matter) than that found in

other cells of the frond. In the simplest Alga?, where the whole body

consists of a single cell, some gradually change and are converted

into sporeSj'without any obvious contact with others : but far more
frequently, as in the Desmidiacece and Diatomaceai, a spore is formed

only by the conjugation of two cells or individual plants. When
these simple vegetable atoms are mature, and about to form their

fructification, two individuals are observed to approach ; a portion of

the cell-wall of each is then extended into a tubercle at opposite
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points ;
these tubercles come into contact, and at length become con-

fluent ; the dissepiment between them vanishes, and a tube is thus

formed connecting the two cavities together. Through this tube the

matter contained in both the okl cells is transmitted and becomes

mixed ;
changes take place in its organization, and at length a spo-

rangium, or new cell filled with spores is formed from it, either in

one of the old cells, or commonly at the point of the connecting tube,

where the two are soldered together. Then the old empty cells or

plants die, and the species is represented by its sporangium,^ which

may remain dormant, retaining vitality for a considerable time, as

from one year to another, or probably for several years. These spo-

rangia, which are abundantly formed -at the close of the season of

active growth, become buried in the mud at the bottoms of pools,

where they are encased on the drying up of the water in summer, and

are ready to develop into new fronds on the return of moisture in

spring.

Many of the lower Algas form fruit in this manner, to which the

name conjugation is technically given. The thread-like Silk-weeds of

ponds and ditches {Zygnemata and llougeotice, &c.,) are good exam-

ples of such a mode of fruiting. In these almost every cell is fertile,

and when tw^o threads are yoked together, a series of sporangia will

be formed in one thread, while the other will be converted into a

string of dead, empty cells. Before conjugation there was, seeming-

ly, no difference between the contents of one set of cells and of the

other ; so that there is no clear proof of the existence of distinct

sexes in these plants, however much the process of fruiting observed

among them may indicate an approach to it.

The process of fruiting in the higher Algfe appears to be very sim-

ilar : namely, spores or sporangia appear to be formed by certain cells

attracting to themselves the contents of adjacent cells; and in the

compound kinds, empty cells are almost always found in the neigh-

borhood of the fruit cells ; but with the complication of the parts of

the frond, the exact mode in which spores are formed becomes more

difiicult of observation. At length, among the highest Algfe we en-

counter what appear to be really two sexes, one analogous to the

anther, and the other to the pistil of flowering plants. It would

seem, however, that it is not each individual spore which is fertilized,

as is the case in seed-bearing plants ; but that the fertilizing influence

is imparted to the pistil or sporangium itself, when that body is in its

most elementary form, long before any spore is produced in its sub-

stance, and even when it is itself scarcely to be distinguished from an

ordinary cell. Antheridia, as the supposed fertilizing organs are

called, are most readily seen among the Fucacece, and will be described

under that family.

Besides the reproduction by means of proper spores,^any Algas

have a second mode of continuing the species, and some even a third.

Among the simpler kinds, where the whole body consists of a single

cell, a fissiparous division, exactly similar to the fissiparous multipli-

cation of cells among higher plants, takes place. This cell, as has

been already mentioned, divides at maturity into two parts, which,

falling asunder, become separate individuals. Similar self-division
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has been noticed among the lower Pahnellacccr, and in other im]>er-

fcctly organized families. Such a mode of multiplying individuals is

analogous to the propagation of larger plants by the process of gem-

mation, where buds are formed and thrown off to become 'new indi-

viduals. When, as in the Lemna or Duckweed, the whole vegetable

body is as simple as a phanerogamous plant can well he, the new

Irondlets or buds are produced in a manner very strikingly analogous

^to the ])roduction of new fronds in Desmidiace(e.

The third mode of continuing the species has been observed in many

Alg{i3 of the green series, in some of which sporangia are also formed^

bufin others no fructification other than what I am about to describe

has been detected. This mode is as follows. In an early stage, the

green matter, or endochrome, contained within the cells of these Algaj,

is of a nearly homogeneous consistence tliroughout, and semi-fluid
;

but at an advanced period it becomes more and more granulated.

The granules when formed in the cells at first adhere to the inner sur-

face of the membranous wall, but soon detach themselves and float

freely in the cell. At first they are of irregular shapes, but they

gradually become spheroidal. They then congregate into a dense

mass in the centre of the cell, and a movement aptly compared to that

of the swarming of bees round their queen begins to take place. One

by one these active granules detach themselves from the swarm, and

move about in the vacant space of the cell with great vivacity. Con-

tinually pushing against the sides of the cell wall, they at length

pierce it, and issue from their prison into the surrounding fluid, where

their seemingly spontaneous movements are continued for some time.

These vivacious granules, or zoospores, as they have been called, at

length become fixed to some submerged object, where they soon begin

to develop cells, and at length grow into Algaa similar to those from

whose cells they issued.

Their spontaneous movements before and immediately subsequent

to emission lead me to speak of the

MOVEMENTS OF ALGiE

in general. These are of various kinds, and of greater or less degrees

of vivacity. In some Algaj a movement from place to place continues

through the life of the individual, while in others, as in the zoospores

of which I have just spoken, it is confined to a short period, often to

a few hours, in the transition state of the spore, after it escapes from

the parent filament, and until it fixes itself and germinates. Many
observers have recorded these observations, which are to be found de-

tailed in various periodicals.* I shall here notice only a few cases

illustrative of the various kinds of movement. The most ordinary of

these movements is effected by means of vibratile cilia or hairs, pro-

duced by the membrane of the spore, and which, by rapid backward

and forward motion, like that of so many microscopic oars, propel the

body through the water in different directions, according as the move-

" See Amalesdes Sciences NiUurelles; Taylor's Ann. Nat. Hist. ; the Linn<ea, Sfc, various Yol-

umeg.
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ment is most directed to one sid3 or the other. Sometimes the little

spores, under the influence of these cilia, are seen to spin round and

round in widening circles ; but at other times change of direction,

pauses, accelerations, &c., take place during the voyage, which look

almost like voluntary alterations, or as if the spore were guided hy a

princinlfi of thf njitnvfi of nniiTinl will Hptipp many ohsprvers do

not he'sitate to call these moving spores animalcules, ^^n^ to consider

them of the same nature as the simpler infusorial animals.

This, as it appears to me, is a conclusion which ought not to be

hastily assumed, not merely taking into consideration the extremely

minute size of the little bodies to^be examined, and the consequent

danger of our being deceived as to the cause of movement, and of its

interruption and resumption, but also remembering the facts ascer-

tained by Mr. Brown, of the movement of small particles of all mine-

ral substances which he examined. Many of the spores in question

are sufficiently small to come under the Brownian law, though others

are of larger size. Besides, if we regard the moving spores as animal-

cules we must either pdo\>t the '?p.r?.dox tli?.t ?. vegetable produces an

animal, which is then changed^ into a vegetable, and the process re-

peated through successive generations, every one of these vegetables

having been animal in its infancy; or else, notwithstanding their

strongly-marked vegetable characteristics, we must remove to the ani-

mal kingdom all Alga3 with moving spores.

Neither of these violent measures is necessary, if we admit that

•mere motion, apart from other characters, is no proof of animality.

Though motion under the control of a will be indeed one of the char-

ter privileges of the higher animals, we see it gradually reduced as

we descend in the animal scale, until at last it is nearly lost alto-

gether. Long before we reach the lowest circles in the animal world,

we meet with animals which are fixed through the greater part of

their lives to the rocks on which they grow, and some of them have

scarcely any obvious movement on their point of attachment. In

some the surface, like that of the Algre spores, is clothed with cilia,

which drive floating particles of food within reach of the mouth
;_
in

others, even these rudimentary prehensile organs are dispensed with,

and the animal exists as a scarcely irritable flesh expanded on a frame-

work. This would seem to be the case in the corals of the genus

Fungia, if the accounts given of those animals be correct ; while in

the sponges the animal structure and organization are stilly farther

reduced, so as almost to contravene our preconceived notions of animal

will and movement. But the sponges can scarcely be far removed

from Fungia, nor can that be separated from other corals ;
so that,

though I am aware some naturalists of eminence regard the sponges

as vegetables, I cannot subscribe to that opinion, but rather view them

as exhibiting to us animal organization in its lowest conceivable type,

and parallel to vegetable organization, as that exists in the lowest

members of the class of Alg;e.

Tliis hasty glance at the animal kingdom teaches us that voluntary

motion is a character variable in degree, and at length reduced almost

to zero within the animal circle. On the other hand, we know that

movements of a very extraordinary character exist among the higher
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vegetables. Not merely the movement of the fluids of plants within

their cells, which has at least some analogy with the motion of ani-

mal fluids; but in such plants as the Sensitive plant, the Veuus's
Flytrap, (Dioncea,) and many others, movements of the limbs (sliall I

call them ?) as singular as those of the Alg;e spores, are sufficiently

well known. And these movements are affected bv narcotics in a
manner strikingly similar to the operation of similar agents on the

nervous system of animals. The common sensitive plant, indeed,

only shrinks from the touch, but in the Desmodmm gyrans, a move-
ment of the leaves on their petioles is habitually kept up, as if the

plant were fanning itself continually. Such vegetable movements as

these strike us by their rapidity, but others of a like nature only
escape us by their slowness. Thus, the opening of the leaves of many
plants in sunlight, and their closing regularly in the evening in sleep

;

the constant turning of the growing points towards the strongest

light, and other changes in position of various organs, are all vege-

table movements, which would appear as voluntary as those of the
Alga3 spores, if they were equally rapid. Their extreme slownoss

alone conceals their true nature.

So, then, we find animals in which motion is reduced almost to a

nullity, and vegetables as high in the scale as the Legumiyiosce, ex-

hibiting well-marked movements—facts which sufficiently establish

the truth of our position, that mere motion is no proof of animality.

But subtracting their movements from the Alga3 spores, what other

proof remains of their being animalcules? None whatever. They
do not resemble animalcules, either in their internal structure, their

chemical composition, or their manner of feeding ; and their vegetable
nature is sufficiently marked by their decomposing carbonic acid,

giving out oxygen in sunlight, and containing starch.

In the Vaucheria clavata, one of the species in which spores moved
by cilia were first observed, the spore is formed at the apices of the
branches. The frond in this plant is a cylindrical, branching cell,

filled with a dense, green endochrome. A portion of the contained
endochrome immediately at the tips separates from that which fills

the remainder of the branch ; a dissepiment is formed, and that por-

tion cut off from the rest gradually consolidates into a spore, while
the membranous tube enlarges to admit of its growth. The young
spore soon becomes elliptical, and at length, being clothed with a
skin and ready for emission, it escapes through an opening then
formed at the summit of the branch. The whole surflice of the spore,

when emitted, is seen to be clothed with vibratile cilia, whose vibra-

tions propel it through the water until it reaches a place suitable for

germination. The cilia then disappear, and the spore becoming qui-

escent, at length develops into a branching cell like its parent. The
history of other moving spores is very similar, the cilia, however,
varying much in number in different species. Commonly there are

only two, which are sometimes inserted as a pair, at one end of the

spore, but in other cases placed one at each end.
There are other Alga3 in which vibratile cilia have not been observ-

ed, but which yet have very agile movements. Among these the
most remarkable are the Oscillatorice and their allies, which suldenly



104 TENTH ANNUAL REPORT OF

appear and diappear ia the waters of lakes and ponds, and sometimes

rise to the surface in such prodigious numbers as to color it for many
square miles. In Oscillatoria each individual is a slender, rigid,

needle-shaped thread, formed of a single cell, filled with a dense en-

dochrome which is annulated at short intervals, and which eventually

separates into lenticular spores. Myriads of such threads congregate

in masses, connected together by slimy raatter_, in which they lie, and
from the borders of which, as it floats like a scum on the water, they

radiate. Each thread, loosely fixed at one end in the slimy matrix,

moves slowly from side to side, describing short arcs in the water,

with amotion resembling that of a pendulum; and, gradually be-

coming detached from the matrix, it is propelled forward. These threads

are continually emitted by the stratum, and diffused in the water,

thus rapidly coloring large surfaces. When a small portion of the

matrix is placed over night in a vessel of water, it will frequently be

found in the morning that filaments emitted from the mass have
formed a pellicle over the whole surface of the water, and that the

outer ones have pushed themselves up the sides, as far as the moisture
reaches.

The Oscillatoriaj, though most common in fresh water, are not

peculiar to it. Some are found in the sea, and others in boiling

springs, impregnated with mineral substances. It has been ascer-

tained that the red color which gives name to the Arabian Gulf is

due to the presence of a microscopic Alga {TricJiodesmiumeryth-oium,)

allied to Oscillatoria, and endowed with similar motive powers, which
occasionally permeates the surface-strata of the water in such multi-
tudes as completely to redden the sea for many miles. The same or

a similar species has been noticed in the Pacific Ocean in various

places, by almost every circumnavigator since the time of Cook, who
tells us his sailors gave the little plant the name of " sea sawdust."
Mr. Darwin compares it to minute fragments of chopped hay, each
fragment consisting of a bundle of threads adhering together by their

sides.

These minute plants move freely through the water, rising or sink-

ing at intervals, and wlien closely examined they exhibit motions
very similar to those of OsciUatorice. There are several of such
quasi-animal-plants now Icnown to botanists, and almost all belong
to the green series of the Alga?, which are placed in our system at the
extreme base of the vegetable scale ftf being.

HABITAT.

The hahitat or place of growth of the Algas is extremely various.

Wherever moisture of any kind lies long exposed to the air, Algaj of one
group or other are found in it. I have already alluded to the Hygro-
crocis, so troublesome in vats of sulphate of copper, and many, per-

haps almost all other chemical solutions, become filled in time, and
under favorable circumstances, with a similar vegetation. The waters
of mineral springs, both hot and cold, have species peculiar to them.
Some, like the Red snow plant, difi'use life through the otherwise

barren snows of high mountain peaks and of the polar regions ; and
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on the surface of the polar ice an unfrozen vegetation of minute Alga^

finds an appropriate soil. There are species thus fitted to endure

all observed varieties of temperature. Moisture and air are tlie only-

essentials to the development of Algio. It has even been supposed that

the minute Diatomacecu whose bodies float through the higher regions

of the atmosphere, and fall as an impalpable dust on the rigging of

ships far out at sea, have been actually developed in the air ;
fed on

the moisture semicondensed in clouds ; and carried about with these

''lonely" wanderers.

Wben this atmospheric dust was first noticed, naturalists conjectured

that the fragments of minute Alga? of which the microscope showed

it to be composed, had been carried up by ascending currents of air

either from the surface of pools, or from the dried bottoms of what had

been shallow lakes. But a different origin has recently been attribu-

ted to this precipitate of the atmosphere by Dr. F. Cohn, Professor

Ehrenberg, and others, who now regard it as evidence of the exist-

ence of organic life in the air itself! This opinion is founded on the

alleged fact, that atmospheric dust, collected in all latitudes, from the

equator to the circumpolar regions, consists of remains of the sarne

species, and that certain characteristic forms are always found in it,

and are rarely seen in any other place. Hence it is inferred that the

dust has a common origin, and its universal diffusion round the earth

points to the air itself as the proper abode of this singular fauna and

flora—for minute animals would seem to accompany and doubtless to

feed upon the vegetable atoms. If this be correct, and not an errone-

ous inference from a misunderstood phenomenon, it is one of the most

extraordinary facts connected with the distribution and maintenance

of organic life.

If Alg;\i thus people the finely divided vapor that floats above our

heads, we shall be prepared to find them in all water condensed on

the earth. The species found on damp ground are numerous. These

are usually of the families Palmellacece and Nostocliacece. To the

latter belong the masses of semi-transparent green jelly so often seen

among fallen leaves on damp garden walks, after continued rains in

autumn and early winter. These jellies are popularly believed to fall

from the atmosphere, and by our forefathers were called /a/?cri stars*

If such be their origin, we are tempted to address them, with Corn-

w^all in King Lear :

" Out, vile jelly ! where is thy lustre now ?

"

for certainly nothing can well be less star-like than a Nostoc, as it

lies on the ground.

An appeal to the microscope reveals beauty indeed in this humble

plant, but gives no countenance to the popular belief of its meteoric

descent. It is closely related in structure to other species found under

dripping rocks and' in lakes, and ponds, and the only reason for re-

garding it as an aerial visitant is the suddenness of its appearance

after rain. *

« Other suhstances besides Nostocs occasionally get this name. Masses of undeveloped

frog-spawn, for instance, dropped by buzzards and herons, pass for meteoric deposits.
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In certain moist states of the atmosphere, accompanied bj a warm
temperature, the Nostoc grows very rapidly ; but what seems a sudden
production of the plant has possibly been long in preparation unob-
served. When the air is dry the growth is intermitted, and the plant

shrivels up to a thin skin; but on the return of moisture this skin ex-
panrls. bpforofs p-fla.tinons, and continues its active life. And as this

j^rocess is repeated from time to time, it may be that the large jelly

which is found after a few days' rain is of no very recent growth, A
friend of mine who happened to land in a warm dry day on the coast

of Australia, and immediately ascended a hill for the purpose of ob-

taining a view of the country, was overtaken by heavy rains ; and was
much surprised to find that the whole face of the hill quickly became
covered with a gelatinous Alga, of which no traces had been seen on
his ascent. In descending the hill in the afternoon, on his return to

the ship, he was obliged to slide down through the slimy coating of

jelly, v.'here it was impossible to proceed in any other way. No doubt,

in this case, a species of Nostoc which had been unnoticed when shriv-

elled up ha'1 merely expanded with the morning's rain.

Where water lies long on the surface of the ground, as happens in

cases of floods, it quickly becomes filled with Confervce or Silk-weeds,

which rise to the surface in vast green strata. These simple plants

grow with great rapidity, using up the materials of the decaying vege-

tation which is rotting under the inundation, and thus they in great

measure counteract the ill efi'ects to the atmosphere of such decay.

When the water evaporates, their filaments, which consist of delicate

membranous cells, shrivel up and become dry, and the stratum of

threads, now no longer green, but bleached into a dull white, forms a

coarsely interwoven film of varying thickness, spread like great sheets

of paper over the decaying herbage. This natural pa^er, which has
also been described under the name oi loater flannel, sometimes covers

immense tracts, limited only by the extent of the flood in whose waters
it originated.

But though AlgfB abound in all reservoirs of fresh water, the

waters of the sea are their peculiar home ; whence the common name
" Sea-weeds," by which the whole class is frequently designated. Very
few other plants vegetate in the sea, sea-water being fatal to the life of

most seeds; yet some notable exceptions to this law (in the case of the

cocoanut, mangrove, and a few other plants) serve a useful purpose
in the economy of nature.

The sea in all explored latitudes has a vegetation of Algas. Towards
the poles, this is restricted to microscopic kinds, but almost as soon as

the coast rock ceases to be coated with ice, it begins to be clothed with
Fuci, and this without reference to the mineral constituents of the

rock, the Fucus requiring merely a resting place. Sea-weeds rarely

grow on sand, unless when it is very compact and firm. There are,

therefore, submerged sandy deserts, as barren as the most cheerless of

the African wastes. And when such barrens interpose, along a con-

siderable extent of coast, between one rocky shore and another, they
oppose a strong barrier to the dispersion of species, though certainly

not so strong as the aerial deserts ; because the waters which flow over

submarine sands will carry the spores of the Algte with less injury
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tliau the winds of the desert will convey the seeds of plants from one

oasis to another. It cannot, however, be doubted that submerged

sands do exercise a very material influence on the dispersion of Alga?,

or their

nKOGRAPTTTflAT. nTSTPTRUTTON,

Climate has an effect on the Alg^M as upon all other organic bodies,

though its influence is less perceptible in them than in terrestrial

plants, because the temperature of the sea is much less variable than

that of the air. Still, as the temperature of the ocean varies with the

latitude, we find in the marine vegetation a corresponding change,

certain groups, as the Laminaricc, being confined to the colder regions

of the sea ; and others, as the Sargassa, only vegetating where the

mean temperature is considerable.

These differences of temperature and corresponding changes of ma-
rine vegetation, which are mainly dependent on actual distance from

the equatorial regions, are considerably varied by the action of the

greafe currents which traverse the ocean, carrying the waters of the

polar zone towards the equator, and again conveying those of the torrid

zone into the higher latitudes. Thus, under the influence of the warm
waters of the Gulf Stream, Sargassum is found along the east coast of

America as far as Long Island sound (lat. 44°.) And again, the

cold south-polar current which strikes on the western shores of South

America, and runs along the coasts of Chili and Peru, has a marked

influence on the marine vegetation of that coast, Avhere Lessonia, 31a-

crocystis, Durvillcea, and Iridcea, characteristic forms of the marine

flora of Antarctic lands, approach the equator more nearly than in any

other part of the world.

The influence of currents of warmer water is also observable in the

submarine flora of the west coast of Ireland, where we find many Algte

abounding in lat. 53°, which elsewhere in the British Islands are found

only in the extreme south points of Devon and Cornwall. These, and

other instances which might be given, are sufficient to show that aver-

age temperature has a marked influence in determining the marine

vegetation of any particular coast.

Seasons of greater cold or heat than ordinary have, as might be in-

ferred, a corresponding action. This is particularly noticeable among
the smaller and more delicate kinds which grow within tide marks,

and are found in greater luxuriance or in more abundant fruit in a

warm than in a cold season. And the difference becomes more strongly

marked when the particular species is growing near the northern limit

of its vegetation. Thus in warm summers, Padina Pavonia attains,

on the south coast of England, a size as large as it does in sub-trop-

ical latitudes ; while in a cold season it is dwarf and stunted.

In speaking of the difference in color of Algfe, I have already noticed

the prevalence of particular colors at different depths of water. A cor-

responding change of specific form takes place from high to low water

mark ; and as the depth increases, the change is strikingly analogous

to what occurs among land plants at different elevations above the sea.

D'epth in the one case has a correspondent effect to height in the other

;
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and the AlgfB of deep parts of the sea are to those of tidal rocks, as

alpine plants are to littoral ones. In both cases there is a limit to

the growtii of species ; each aerial species having a line above which

it does not vegetate, and each marine one a line beyond which it does

not descend. And as, at last, we find none but the least perfect lichens

clothing the rocks of high mountains, so in the sea beyond a moderate

depth are found no Algae of higher organization than the Diatomacece.

These latter atomic plants would appear to exist in countless numbers
at very extraordinary depths, having been constantly brought up by the

lead in the deep-sea soundings recorded in Sir James Ross's Antarctic

voyage. But ordinary sea plants cease to vegetate in comparatively

shallow water, long before animal life ceases. The limits have not

been accurately ascertained, and are probably much exaggerated as

commonly given in books.

Lamouroux speaks of ordinary Alga3 growing at 100 to 200 fathoms^

but we have no exact evidence of the existence of these plants at this

great depth. The Macrocystis, the largest Alga known, has some-

times been seen vegetating in 40 fathoms {Hook. Fl. Ant. vol. 2, p.

464) water, while its stems not merely reached the surface, but rose at

an angle of 45° from the bottom, and streamed along the waves for a

distance certainly equal to several times the length of the "Erebus;"
data which, if correct, give the total length of stem at about 700

feet. Dr. Hooker, however, considers this an exceptional case, and
gives from eight to ten fathoms as the utmost depth at which sub-

merged seaweed vegetates in the southern temperate and Antarctic

ocean ; a depth which is probably much exceeded in the tropics, and
whicli is at least equalled by AlgfB of the north temperate zone.

Humboldt, in his "Personal Narrative," mentions having dredged

a plant to which he gave the name Fugus viti/oUus, (probably a

Godium or Flahellaria) in water 32 fathoms deep, and remarks that,

notwithstanding the weakening of the light at that depth, the color

was of as vivid a green as in Algas growing near the surface. I

possess a specimen of Anadyomene stellata dredged at the depth of 20

fathoms, in the Gulf of Mexico, by my venerable friend the late Mr.
Archibald Menzies, and it is as green as specimens of the same plant

collected by me between tide marks at Key West, and is much more
luxuriant.

Professor Edward Forbes, whose admirable report on the jEgean
Sea should be consulted by all persons interested in the distribution of

life at various depths, dredged Consiantinea reniformis, Post, and
Rupr. in 50 fathoms, the greatest depth perhaps on record, as accu-

rately observed, at which ordinary Algre vegetate. I say, ordinary

Alga;, for it will be remembered that Diatomacea? exist in the pro-

found abysses of the ocean, as far as we are acquainted with them.

And besides these microscopic vegetables, Alga3 of a group called

NuUipores or Corallines {Corallinaceoi) , long confounded wi:h the

Zoophytes, become more numerous as other Alg?e diminish, until they

characterize a zone of depth where they form the whole obvious vege-

tation. These remarkable plants assimilate the muriate of lime of

seawater and form a carbonate in their tissues, which from the great

abundance of this deposit become stony. The less perfect NuUipores
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are scarcely distinsuishaLlc, by the naked eye, from any ordinary

calcareous incrustation, and strongly resemble the etHorescent forms,

like cauliflowers, seen so frequently in the sparry concretions of lime-

stone caverns. Otlicrs, more perfect, become branched like corals
;

and the most organized of the group, or the true corallines, have sym-

metrical, articulated fronds. This stony vegetation affords suitable

food to hosts of zoophytes and mollusca, which require lime for the

construction of their skeletons or shells, and it probably extends to a

depth as great as such animals inhabit.

When the same species is found at different depths, there is gener-

ally a marked difference between the specimens. Thus, when an indi-

vidual plant grows either in shallower or in deeperwater than that

natural to the species, it becomes stunted or otherwise distorted. I

have noticed in many species (as in Plocamium coccineum, Dasya
coccinea, Laurencia dasijphylla, various Ili/pnece, and many others)

that the specimens from deep water have divaricated branches and

ramuli, and a tendency to form both hooks and discs or supplement-

ary roots, from various points of the stem and branches. Sometimes

the outward habit is so completely changed by the production of

hooked processes and discs, that it is difiicult to discover the affinity

of these distorted forms ; and such specimens have occasionally been

unduly elevated to the rank of species.

When water of great depth intervenes, on a coast between two

shallower parts of the sea, it frequently limits the distribution of

species, acting as a high mountain range would in the distribution of

land plaats, but in a far less degree ; as it is obviously easier for the

spores of the Alg;e to be floated across the deep gulf, than for the

seeds of land plants to pass the snowy peaks of a mountain.

The intervention of sand, already alluded to, is a far greater bar-

rier, because sandy tracts are usually of much greater extent than

submarine obstacles of any other kind. To the prevalence of a sandy

coast, in a great measure probably, is owing the very limited distribu-

tion of the Fiicacece on the eastern shores of North America, where

plants of this family are scarcely found from New York to Florida.

Since the erection of a breakwater at Sullivan's Island, S. C, many
Alga3 not before known in those waters have, according to Pro-

fessor L. R. Gibbes's authority, made their appearance, but none of

the Fucaceas are yet among them. In due time Sargassum vulgare

will probably arrive from the south.

Some attempt has been made to divide the marine flora into separate

regions, the particulars of which I have detailed elsewhere.* In the

descriptive portion of my work I shall notice the distribution of the

several families, where it offers any marked peculiarity, and I shall

at present confine myself to some remarks on the distribution of Alga3

along the eastern and southern shores of the United States ; here re-

cording the substance of some verbal observations which I made at

the Meeting of the American Association, held in Charleston, in

March, 1850.

« Manual of British Marine Algce, Introd., p. xxxvi et seq. ed. 2.
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EASTERN SHORES OF NORTH AMERICA.

In comparing the marine vegetation of the opposite shores of the

northern Atlantic, a great resemblance is observed between the ordi-

narj^ seaweeds that clothe the rochs on the eastern and western sides;

with this diiference, that the species do not reach so high a latitude

on the American shore as on the European. The reason of this will

be readily understood by inspecting a physical map of the Atlantic, on

which Humboldt'sisothermal lines, or lines ofmean annual temperature,

are laid down. For then it will at once be seen that there is a very con-

siderable bending of the isothermal lines in favor of the continent ofEu-
rope. Thus the same line that runs through New York, in lat. 41°,

strikes the shores of Europe in the north of Ireland, lat. 54°, And
though there is less difference in mean temperature in the southern

parts of the continents than in the northern, still there is a marked
difference throughout.
With respect to vegetation, Laminaria longicruris is common on

the American shore—at least as far south as Cape Cod (lat. 42°)
;

while on the European it has not been found south of Norway, save

some stray, waterworn stems occasionally cast on the north of Ireland

or Scotland.

Bodymenia crystata, so very abundant in Boston harbor, (42° 30')

where it enters largely into the composition of seaiveed pictures, is

rarely found in Europe south of Iceland and the northern parts of

Norway ; its most southern limit being in the Frith of Forth, (56°),

where it has been found but once or twice,

Delesseria liypoglossum has not been observed in America north of

Charleston, (lat. 33°), while in Europe it occurs in Orkney, (lat. 59°),

and is in great profusion and luxuriance on the north coast of Ireland

in lat. 55°. The distribution of this species on the American shore

is ver}'- anomalous if Charleston be its northern limit, for it certainly

extends southward at least to Anastasia Island, (lat. 29° 50'). In

the British seas it is most luxuriant on the Antrim shore, (55°), where

its fronds are sometimes three feet in length ; southern specimens are

generally much smaller, and in Devonshire it rarely measures more
than three or four inches, which is the average size of specimens from

the south of Europe, as well as of those found in Charleston harbor.

If we are correct in limiting the American distribution of this species

northward by Charleston, we have the remarkable fact that the great-

est latitude attained by Del. hypoglossum in the northwestern Atlantic

is less by about 5° or 6° than the southern limit of the same species

on the northeastern, and by about 2*7° than the northern boundary of

its distribution. This indicates a range which the isothermal lines

can scarcely explain ; for the line which runs through Charleston

strikes the coast of Spain. It is the more remarkable in this species,

because the genus Delesseria is most numerous in the colder parts of the

sea, its finest species being natives of Northern Europe and of Cape

Horn and the Falkland Islands ; and, as we have seen, this very D.
hypoglossum is nowhere of greater size or in greater plenty than in

latitude 55° on the Irisli coast.
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It is difFcrcnt witli Padina Pavonia, itself a tropical form, and be-

longing to a group peculiarly lovers of the sun. We are not sur-

prised that in America this plant should not grow further north than

the Keys of Florida, although, under some peculiarly favorable cir-

cumstances, it attains a limit 27° further north, on the south coast of

England ; for in the land-vegetation of the two coasts there is some-
thing like an approach to similar circumstances, oranges and citrons

being occasionally ripened in the open air in Devonshire, and 3Ia(j-

nolia grandiJJora attaining an arborescent size. The remaining marine
vegetation of tlio Florida Keys, as we shall presently sec, lias a greater

resemblance to that of tlie Mediterranean than to that of the British

coasts ; and this is more in accordance with the land floras^ in which
palm trees are a feature in both countries.

Probably one-half the species of Algae of the east coast of North
America are identical with those of Europe—a very largo portion

when we contrast it with .the strongly marked difference between the

marine animals of the two shores ; the testacea, and to a great extent

even the fishes of the two continents, being dissimilar. The Euro-
pean species, on the same length of coast, arc greatly the more nu-
merous, which appears to be owing to the prevalence of sands, nearly
destitute of Alga3, along so great a length of the American shore,

and particularly along that portion which, from its latitude, ought to

produce the greatest variety of Alga^, were the local circumstances
favorable to their growth.
As Algfo are little indebted for nourishment to the soil on which

they grow, merely rec[uiring a secure resting place and a sheltered

situation, their number generally bears a proportion to the amount of

indented rocks that border the coast. Stratified rocks are more favorable

to their growth than loose boulders or stones ; but if the upper surface

be smooth without cavities, it is either swept by the waves too rapidly

to allow the growth of a vigorous vegetation ; or, in quiet places, it

becomes uniformly clothed with some of the Fuoi, or other social spe-

cies, wliich cover the exposed surface with a large number of individ-

uals, to the destruction of more delicate species. The rocks, then,

most adapted for Algee are those in which, here and there, occur deep
cavities affording shelter from the too boisterous waves. In these, on
the recess of the tide, a tid& ijool or rock basin preserves the delicate

fronds from the action of the sun. The rare occurrence of such situ-

ations on the American coast is doubtless a reason of the comparative
poverty of the marine flora.

This comparative poverty is observable even in tlie common littoral

Fuci or Rock Kelp. In Northern Europe, besides several rarer kinds,

six species (namely Fucus serratus, vesiculosus, nodosns, cajialicidatus

:

Halidrys siliquosa ; and Eimanilialia lorea) are extremely common,
four of them at least being found on every coast. In America, Fiicuf;

vesiculosus and nodosus alone are commonly dispersed ; F. serratus and
canaliculatus have not yet been detected ; and the Halidrys and Hi-
manthalia rest on very uncertain evidence: so that of the sfa; com-
mon European kinds, only tiuo are certainly found in America. This
deficiency in Fucacece is, in degree, made up for in Laminariacece. of
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wliich ftimily several are peculiar to the American shore, the roost re-

markable of which is the Agarum or Sea Colander.

Among the red Algae (or Bhodosperms) , species with expanded,

leaf-like fronds are proportionably less numerous than on the Euro-

pean side. Delesseria sanguinea is absent on the American shore,

Avhere its p^ace is supplied by D. Anv^ricana, a species of equally bril-

liant coloring, but lower in organization, connecting Delesseria with

NyfopJnjUum. This latter genus, of which there are so many fine

European species, is scarcely known in North America. A few scraps

of Nytophylla (almost too imperfect to describe), picked up at the

mouth of the Wilmington river, N. C, and at Key West, are all the

evidence we at present possess of the existence of that type of form

on tlie North American shore, riocamium coccineuon, so abundant in

Europe, and which is also widely dispersed in the Southern ocean,

extending from Cape Horn eastward to New Zealand, has not, that I

am aware of, been found on the American Atlantic coast, Avhere its

place seems taken by the equally brilliant Ehodymenia cristata,

Ceramiwn ruhrum is as common on the American as on the European

coast, and many of the other common American Ehodosperms are na-

tives of both continents.

The Green Alga3 {Chlorosperms) are still more alike; but several of

the American Cladophoras (not yet fully explored) seem to be peculiar.

Codium tomentosum, which is common to the shores of Europe from

Gibraltar, in lat. 36°, to Orkney in lat. 60°, and perhaps further north,

has yet been found only on the Florida Keys, (lat. 24°). Judging

from its distribution in other parts of the world, particularly in the

Pacific and Southern Oceans, one would have expected to find it all

along the East coast of North America.

Perhaps it would be premature to indicate regions of Algfe into

which the Eastern and Southern shores of the North American States

may be divided, a few points only having as yet been carefully ex-

plored. Halifax harbor, Massachusetts Bay, Long Island Sound at

several points from Greenport to New York, New York harbor, and

the neighborhood of Charleston, S. C, are the chief points at wliich

the materials for my essay have been collected on the East coast. Our
knowledge of southern Alga? is at present derived chiefly from a par-

tial examination of the Florida Keys, by Dr. Wurdemann, Professor

Tuomey, Dr. Blodgett and myself. I think it probable, however,

that future researches will indicate four regions of distribution, as

follows :

1st. Coast north of Cape Cod, extending probably to Greenland.

Among the characteristic forms of this region are the great Laminarias,

particularly L. Longicruris, one of the largest Algae on the coast, and
Agarum Turneri and pertusum. Several of the rarer Fucaceas seem

also to be confined to this district. One of the most abundant and
characteristic species of this tract is Rhodymenia cristata, which has

not to my knowledge been found farther south than Cape Cod. Speci-

mens said to have come from Staten Island have been shown to me,

but the evidence on which the habitat of these rests is not satisfactory,

and none of the Brooklyn and New York Algologists (a numerous

and indefatigable band) have yet detected the plant in their harbor.
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Ptilota plumosa is also a plant of this region, tlie only species (as far

as I know) that is met with in Long Island Sound being P. sericea,

Gm. Bhodomehe are more abundant here than in the Sound, but are

not limited to this division; Odonthalia {a, peculiarly nothern form)

has been seen only at Ilaliflix. Dmnontia ramentacea, so abundant at

Iceland, is found also at Newfoundland, and near Halifax, where I

gathered it plentifully. Of this plant I possess a single specimen,

picked up by Miss Frothingham on Rye Beach, New Hampshire. All

the species I have mentioned are Arctic forms confined in the European

waters to very high latitudes, and all appear to vegetate nearly as far

south as Cape Cod, to which limits they are almost all confined. The
Marine flora of this region as a whole bears a resemblance to that of

the shores of Iceland, Norway, Scotland, and the North and North

West of Ireland.

2d. Long Island Sound, including under this head New York har-

bor and the sands of New Jersey.

The natural limit of this region on the south is probably Cape Hat-

teras, but after passing New York the almost unbroken line of sand is

nearly destitute of Alga3. I have not received any collection of sea

23lants made between Long Branch and Wilmington. In comparing

the plants of the sound with those of our 1st region, a very marked
diiference is at once seen. We lose the Arctic forms, Agarum, Ehod.

cristcda, Odonthalia, Dumontia i-ameniacea, and Ptilota plumosa, whose

place is supplied by Sargassum, of which genus two species are found

at Greenport and at other points in the Sound ; by various beautiful

Callithamnia and Polysiplionia'-; and by abundance oi Delesseria Ameri-

cana and Dasya elegans. Those two latter plants are not limited to

this region, but are greatly more abundant here than north of Cape

Cod. I)el. Americana seems almost to carpet the harbor of Green-

port, and is equally abundant in various points in the Sound, and

Dasya elegans grows to an enormous size in New York harbor, and

is plentiful throughout the region. Seirospora Griffithsiana is not

uncommon; it grows luxuriantly at New Bedford, whence Dr. Roche

has sent me many beautiful specimens of it, and of other Ceramiece.

Pihahdonia Bailey i, Gracilaria midtipartita, (narrow varieties) Cliry-

symenla divaricata and C. Rosea arc also characteristic forms. Dele^-

seria Leprieurii, found in the Hudson at West Point, scarcely belongs

to this region, but is a tropical form at its utmost limit of northern

distribution.

3d. Cape Hatteras to Cape Florida. Of the Alg^ characterizing

this region we know little except those found in the neighborhood of

Charleston, and a few specimens collected at Wilmington, N. C., and
at Anastasia Island. Many species found within these limits are

common to the second region ; others are here met with for the first

time. Of these the most remarkable are Artlirocladia villosa and a

Nitopliyllum, found at Wilmington; a noble Grateloupia, probably

new {G. Gibbesii, MS.) found at Sullivan's Island, and Delesseria

Jiypoglossum, already mentioned as occurring at Charleston and Anas-

tasia Island. I have seen no Fucoid plant from this region; but if

there were a suitable locality, we ought here to have Sargassa. None
grow at Sullivan's Island, where Grateloupia Gibbesii is the largest
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sea plant, and tlie one most resembling a Fuciis. All the xstuavie3

of this district produce Delesseria Leprieurii, and a Bostrychia, either

B. radicans, Mont,, or a closely allied species. These last are tropical

forms first noticed on the shores of Cayenne, where the former was
found both on maritime rocks^ and on the culms of grasses in the

tiestuary of the Sinnamar river. With us these plants grow on the

palmetto logs in Charleston harbor, and on Spartina glah^a as far

up the river as the water continues sensibly salt. Bel. Leprieurii wa&
collected by Dr. Hooker at New Zealand, accompanied by a Bostrychia,

No other habitats for it are known.
4tli. Florida Keys, and Shores oe the Mexican Gulf. Here we

have a very strongly marked province, strikingly contrasting in vege-

tation with the East Coast, comprised in the three regions already

noticed. As yet the Keys have been very imperfectly explored, and
we are almost unacquained with the marine vegetation of the main
land of Florida, Alabama, Louisiana, and Texas. Of 130 species-

which I collected at Key West in February, 1850, scarcely one-eighth

are common to the East Coast, seven-eighths being unknown on the

American shore to the north of Cape Florida. With this remarkable
difference between the Algas of the Keys and those of the East Coast,

there is a marked affinity between the former and those of the South
of Europe. The marine vegetation of the Gulf of Mexico has a very

strong resemblance to that of the Mediterranean Sea. Nearly one-

third of the species which I collected are common to the Mediterra-

nean. Several of them straggle northwards along the coast of Spain
and France, and even reach the south of England ; but scarcely any
of these are seen on the East coast of America. We may hence infer

that they are not conveyed by the gulf-stream. My collection at Key
West included 10 Melanosperms, 5 of which are common to the Med-
iterranean ; 82 Khodosperms, 25 of which are Mediterranean ; and 38
Chlorosperms, of which 10 are Mediterranean. Besides these identi-

cal species, there are many representative species closely allied to Med-
iterranean types. This resemblance is clearly shown in the genus
Basya, of which seven out of eleveyi European species are found in the
Mediterranean. At Key West I collected eight species of this beau-
tiful genus. Among these, seven were new, and the eighth (D. ele-

gans) is found along the whole Eastern coast of North America. Three-
fourths, perhaps, of the masses of seaweed cast ashore at Key West
belong to Laurencia, of which genus several species and innumerable
puzzling varieties are profusely common. A fine Hypnea {H. Wur-
demanni, MS.) one of the most striking species of the genus, is also

abundant. Alsidiumtriangulare, Digeniasimplex, Acanthophora, Aman-
sia mtdtijida, and other common West Indian Rhodosperms, are abund-
antly cast ashore. Sargassum vulgare and hacciferurriy Padina Ba-
vonia, Zonar'ia lohata, and sundry Bictyotce, are characteristic Me-
lanosperms. But this region is chiefly remarkable for the abundance
and beauty of its Chlorosperms of the groups SiphonacecB and Cauler-

pacece. Ten species of Caulerpa were collected, some of which are of

common occurrence, and serve for food to the turtles, which, in their

turn are the staple article of diet of the islanders. Penicillus (at least

three species), Udotea, Halimeda, Acetabidaria, Anadyomene, Bictyo-
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^hxria, Chamo'dor^, Dasyckidus, CymojJoUa, and others, some of

which are West Indian, some Mediterranean, are evidence of the high
temixjrature of the sea round the Keys. Many of the plants obtained

hy me at Key West were cast up from deeper water when the south
wind hlew strongly, and were not seen at any other time. A visitor,

therefore^ in the hurricane months, would probably obtain many which
escaped me. Among the new species two Dclesseria', (D. involvens,

and D. tenuifolia) both bolonging to the hypophyllous section, are

specially worth notice. These were very plentiful in the beginning of

February, but soon disappeared, Two Bost7'ychke (B. Montagnei, and
B. fiUcnla, MS.) and a Caz'eweWa were found on the stems of mangroves
near high-water mark ; but it would extend this notice to too great a

ength, were I to enumerate all the forms which occur in this prolific

region.

COELECTIXG AND PRESERVING SPECIMENS.

I shall here give, for the convenience of the student, the sub-

stance of some directions for collecting and preserving specimens,

issued by the Director of the Dublin University Museum.
Marine Algfe, as has already been stated, are found from the ex-

treme of high-water mark to the depth of from thirty to fifty fathoms

;

which latter depth is perhaps the limit in temperate latitudes ; tho,

majority of deep-ivater species growing at five to ten fathoms. Those
within the limits of the tidal influence are to be sought at low water,

especially the lowest water of spring tides ; for many of the rarer and
more interesting kinds are found only at the verge of low-water mark,
either along the margin of rocks partially laid bare, or, more fre-

quently, fringing the deep tide-pools left at low water on a flattish

rocky shore. The northern or shaded face of the tide-pool will be
found richest in red alga?, and the most sunny side in those of an
olive or green color. Algas which grow at a depth greater than the
tide exposes, are to be sought either by dredging, or by dragging
after a boat an iron cross armed with hooks, on all shores where those

contrivances can be applied ; but where the nature of the bottom, or

the difficulty of procuring boats, renders dredging impossible, the

collector must seek for deep-water species among the heaps of sea-wrack
thrown up by the waves. After storms seaweed sometimes forms
enorznous banks along the coast ; but even in ordinary tides many
delicate species, dislodged by the waves, float ashore, and may be
picked up on the beach in a perfect state. The rocky portions of a
coast should, therefore, be inspected at low water ; and the sandy or

shingly beach visited on the return of the tide. In selecting from
heaps we should take those specimens only that have suffered least in

color or texture by exposure to the air ; rejecting all bleached or half
melted pieces.

Colled ors should carry with them one or two strong glass bottles

with wide mouths, or a hand-basket lined with japanned tin or gutta
percha, for the purpose of bringing home in sea-ivater the smaller and
more delicate kinds. This precaution is often absolutely necessary,

for many of the red algee rapidly decompose if exposed, even for a
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short time, to the air, or if allowed to become fnassed together witli

plants of coarser texture. The cooler such delicate species are kept

the Letter ; and too many ought not to be crowded together in the

same bottle, as crowding encourages decomposition ; and when this

has be2;un, it spreads with fearful rapidity. These Algfe should be

kept in sea-water until they can be arranged for drying, and the more
rapidly they are prepared the better. Many will not keep, even in

vessels of sea-water, from one day to another.

A common botanist's vasculum, or an India-rubber cloth bag, will

serve to bring home the larger and less membranous or gelatinous

kinds ; but even these, if left long unsorted, become clotted together,

and suffer proportionably.

In gathering Algie from their native places, the whole plant should

be plucked from the very base, and if there be an obvious root, it

should be left attached. Young collectors are apt to pluck branches

or mere scraps of the larger Algffi, which often afford no just notion

of the mode of growth or natural habit of the j^lant from which they

have been snatched, and are often insufficient for the first purpose of

a specimen^ that of ascertaining the plant to which it belongs. In

many of the leafy Fucoid plants, (Sargassa, &c.) the leaves that grow
on the lower and on the upper branches are quite different, and were
a lower and an upper branch plucked from the same root, they might
be so dissimilar as to pass for portions of different species. It is very

necessary, therefore, to gather, when it can be done, the tvhole plard,

including the root. It is quite true that the large kinds may be judi-

ciously divided ; but tlie young collector had better aim at selecting

moderately sized specimens of the entire plant, than attempt the

division of large specimens, unless he keep in view this maxim : every

botanical specimen should be an ejDitome of the essential marks 'of a

species.

Several duplicate- specimens of every kind should always be pre-

served, and particularly where the species is a variable one. Very
many Alga3 vary in the comparative breadth of the leaves, and in the

degree of branching of the stems ; and when such varieties are noticed,

a considerable series of specimens is often requisite to connect a broad

and a narrow form of the same species. A neglect of this care leads

to endless mistakes in the after work of identification of species, and
has been the cause of burdening our systems with a troublesome num-
ber of synonymes.
Where it is the collector's object to preserve Alga? in the least

troublesome manner, and in a rough state, to be afterwards laid out

and prepared for pressing at leisure, the specimens fresh from the sea

are to be spread out and left to dry in an airy, but not too sunny, sit-

uation. They are not to be washed or rinsed in fresh water, nor is

their natural moisture to be squeezed from them. The more loosely

and thinly they are spread out the better, and in dry weather they

will be sufficiently dry after a few hours' exposure to allow of pack-

ing. In a damp state of the atmosphere the drying process will oc-

cupy some days. No other preparation is needed, and they may be

loosely packed in paper bags or boxes, a ticket of the exact locality

being affixed to each parcel. Such specimens will shrink very con-
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siderably in drying, and most will have changed color more or less,

and the bundle have become very unsightly ;
nevertheless, if thor-

oughly dried, to prevent mouldiness or heating, and packed loosely,

such specimens will continue for a long time in a perfectly sound

state ; and on being re-moistened and properly pressed, will make
excellent cabinet specimens.

It is very much better, when drying Algre in this rough manner,

not to wash them in fresh water, because the salt they contain serves

to keep them in a pliable state, and causes them to imbibe water more

readily on re-immersion. All large and coarse growing Alga3 may
be put up in this manner, and afterwards, at leisure, prepared for the

herbarium by washing, steeping, pressing, and drying between folds

of soft paper, in the same way that land plants are pressed and dried.

But with the membranous and gelatinous kinds, a different method

must be adopted.

The smaller and more delicate Algae must be prepared for the her-

barium as soon as practicable after being brought from the shore.

The mode of preparation is as follows, and, after a few trials and with

a little care, will soon be learned.

The collector should be provided with three flat dishes or large

deep plates, and one or two shallower plates. One of the deep plates

is to be filled with sea-water, and the other two with fresh water. In

the dish of sea-water the stock of specimens to be laid out may be

kept. A specimen taken from the stock is then introduced into one

of the plates of fresh water, washed to get rid of dirt or parasites

that may infest it, and pruned or divided into several pieces, if the

branches be too dense, or the plant too tufted, to allow the branches

to lie apart when the specimen is displayed on paper. The washed

and pruned specimens are then floated in the second dish until a con-

siderable number are ready for laying down. They are then removed

separately into one of the shallower plates, that must be kept filled

with clean water ; in which they are floated and made to expand fully.

Next, a piece of white paper of suitable size is carefully introduced

under the expanded specimen. The paper then, with the specimen

remaining displayed upon it, is cautiously brought to the surface of

the water, and gently and carefully drawn out, so as not to disarrange

the branches. A forceps, a porcupine's quill, a knitting needle, or

an etching tool, or any finely pointed instrument will assist the ope-

rator in displaying the branches and keeping them separate while

the plant is lifted from the water ; and should any branch become

matted in the removal, a little water dropped from a spoon over the

tangled portion, and the help of the finely pointed tool, will restore

it.

The piece of wet paper with the specimen upon it is to be laid on

a sheet of soft soaking paper, and others laid by its side until the

sheet is covered. A piece of thin calico or muslin, as^ large as the

sheet of soaking paper, is then spread over the wet specimens. More

soaking paper, and another set of specimens covered with cotton, are

laid on these ; and so a bundle is gradually raised. This bundle, con-

sisting of sheets of specimens, is then placed between flat boards,

under moderate pressure, and left for some hours. It must then be
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examined, tlie specimens on their white papers must he placed on dry
sheets of soaking paper, covered with fresh cloths, and again placed

nnder pressure. And this process must he repeated every day until

the specimens are fully dry.

In drying, most specimens will be found to adhere to the papers on
which they have heen displayed, and care must he taken to prevent

their sticking to the pieces of cotton cloth laid over them. Should
it he found difficult to remove them from the muslin, it is better to

allow them to dry, trusting to after-removal, than to tear them away
in a half-dried state, which would j)robably destroy the specimens. A
few dozen pieces of un glazed thin cotton cloth of proper size should
always be at hand, (white muslin, that costs six or eight cents per

yard, answers very well). These cloths will be required only in the

first two or three changes, for when the specimen has begun to dry
on the white paper it will not adhere to the soaking paper laid over

it. In warm weather the smaller kinds will often be found perfectly

dry after forty-eight hours' pressure, and one or two changes of

papers.

USES OF THE ALG^.

The uses of the Algas may be considered under two points of view,

namely, the general office which this great class of plants, as a class,

discharges in the economy of nature ; and those minor useful applica-

tions of separate species which man selects on discovering that thay
can yield materials to supply his various wants.
The part committed to the Alg* in the household of nature, though

humble when we regard them as the lowest organic members in that

great family, is not only highly important to the general welfare of
the organic world, but, indeed, indispensable. This we shall at once
admit, when we reflect on the vast preponderance of the ocean over
the land on the surface of the earth, and bear in mind that almost the

whole submarine vegetation consists of Alga?. The number of species

of marine plants which are not Algfe proper is extremely small.

These on the American coast are limited to less than half a dozen,

only one of which, the common Eel Grass {Zostera marina,) is ex-

tensively dispersed.

All other marine plants are referable to Algas ; the wide-spread sea

would therefore be nearly destitute of vegetable life were it not for

their existence. Almost every shore—where shifting sands do not
forbid their growth—is now clothed with a varied band of Algas of

the larger kinds ; and microscopic species of these vegetables {Diato-

macece) teem in countless myriads at depths of the ocean as great as

the plummet has yet sounded, and where no other vegetable life

exists. It is not, therefore, speaking too broadly to say that the sea,

in every climate and at all known depths, is tenanted by these vege-
tables under one phase or other.

The sea, too, teems with animal life—that " great and v/ide sea,

wherein are things creeping innumerable, both small and great

beasts," affords scope to hordes of animals, from the "Leviathan"
whale to the microscopic polype, transparent as the water in which he



THE SMITHSONIAN INSTITUTION. 119

BwimSj and only seen by the light of tlie pliosplioric gleam wliicli he

emits. Now this exuberant animal creation coultl not be maintained

"without a vegetable substructure. It is one of the laws of nature that

animals shall feed on organized matter, and vegetables on unorgan-

ized. For the support of animal life, therefore, we require vegetables

to change the mineral constituents of the surrounding media into

suitable nutriment.

In the sea this office of vegetation is almost exclusively committed

to the Alg{\3, and we may judge of the completeness with which they

execute their mission b}^ the fecundity of the animal world which de-

pends upon them. Not that I would assert that all, or nearly all, the

marine animals are directly dependent on the Algte for their food

;

for the reverse is notoriously the case. But in every class we find

species which derive the whole or a part of their nourishment from
the Algw, and there are myriads of the lower in organization which do

de^iend upon them altogether.

Among the higher orders of Algas feeders I may mention the Tur-

tles, whose green fat, so prized by aldermanic palate, may possibly be

colored by the unctuous green juices of the Caulerpce on which they

browse. But without further notice of those that directly depend on
the Algaj, it is manifest that all must ultimately, though indirectly,

depend on whatever agency in the first instance seizes on inorganic

matter, and converts it into living substance suitable to enter into the

composition of animal nerve and muscle ; and this agency is assur-

edly the office of the vegetable kingdom, here confined in the main to

Algi\3. We thus sufficiently establish our position that the Algaj are

indispensable to the continuance of organic life in the sea.

As being the first vegetables that prey upon dead matter, and as

affording directly or indirectly a pasture to all water animals, the

Alga? are entitled to notice. Yet this is but one-half of the task com-
mitted to them. Equally important is the influence which their

growth exerts on the water and on the air. The well-known fact

that plants, whilst they fix carbon in an organized form in extending

their bodies by the growth of cells, exhale oxygen gas in a free state,

is true of the Alg;i3 as of other vegetables. By this action they tend

to keep pure the water in which they vegetate, and yield also a con-

siderable portion of oxygen gas to the atmosphere. I have already

stated tliat whenever land becomes flooded, or wherever an extensive

surface of shallow water—whether fresh or salt—is exposed to the

air, Confervce and allied Algre quickly multiply. Every pool, every

stagnant ditch is soon filled with their green silken threads. These
threads cannot grow without emitting oxygen. If you examine such

a pool on a sunny day, you may trace the beads of oxygen on the sub-

merged tlireads, or see the gas collect in bubbles where the threads

present a dense mass. It is continually passing off into the air while

the Conferv^e vegetate, and this vegetation usually continues vigor-

ous, one species succeeding another as it dies out, as long as the pool

remains. And when, on the drying up of the land, the Confervas die,

their bodies^ which are scarcely more than membranous skins filled

with fluid, shrivel up, and are either carried away by the wind or

form a papery film over the exposed surface of the ground. In neither
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case do tliey breed noxious airs by tbeir decomposition. All their

life long they have conferred a positive benefit on the atmosphere^ and
at their death they at least do no injury. The amount of benefit de-

rived from each individual is indeed minute, but the aggregate is vast

when we take into account the many extensive surfaces of water dis-

persed over the world, which are thus kept pure and made subservient

to a healthy state of the atmosphere. It is not only vast, but it is

worthy of Him who has appointed to even the meanest of His creatures

something to do for the good of His creation.

These general uses of the Alga3, apparent as they are on a slight

reflection, are apt to be overlooked by the utilitarian querist, who
will see no use in anything which does not directly minister to his

own wants, and who often judges of the use of a material by the dol-

lars and cents which it brings to his pocket.

It would be in vain to adduce to him the indirect benefit derived to

the rest of creation through the lower animals which the Alga3 supply
with food ; for probably he would turn round with the further de-

mand, "What is the wse of feeding all these animals?" And he
might think, too, that the amount of oxygen in the air was quite

enough to last out at least his time, without such constant renovation
as the AlgjB afford, or that sufficient renovation would come from
other sources had the Alga3 never been created. "Show me," he
would say, "how I can make money of them, and then I will admit
the wses of these vegetables." This I shall therefore now endeavor
to do, by summing up a few of the uses to which Alga3 have been
applied by man.

Man, in his least cultivated state, seeks from the vegetable king-
dom, in the first place, a supply for the cravings of hunger, and after-

wards medicine or articles of clothing. As food, several species of

Alg03 are used both by savage and civilized man, but more frequently
as condiments than as staple articles of consumption. Many kinds
commonly found on the shores of Europe are eaten by the peasantry.
The midrib oi Alaria esculenta, stripped of the membranous wings, is

eaten by the coast population of the north of Ireland and Scotland
;

but to less extent than the dried fronds of Wiodymenia palmafa, the
Dulse of the Scotch, and Dillish of the Irish, This latter species

varies considerably in texture and taste, according to the situation in

which it grows. When it grows parasitically on the stems of the
larger Laminarue it is much tougher and less sweet, and therefore

less esteemed than when it grows among mussels and Balani near
low-water mark. It is this latter variety which, under the name of
" shell dillisk," is most prized. In some places on the west of Ire-

land this plant forms the chief relish to his potatoes that the coast
peasant enjoys ; but its use is by no means confined to the extreme
poor. It is eaten occasionally, either from pleasure or from an ojiin-

ion of its wholesomeness, by individuals of all ranks, but, except
among the poor, the taste for it is chiefly confined to chiklren. It is

commonly exposed for sale at fruit stalls in the towns of Ireland, and
may be seen in similar places in the Irish quarters of New York. In
the Mediterranean it forms a common ingredient in soups ; but not-
withstanding M. Soyer's attempt in the famine years to teach this use
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of it to the Irish, they have not yet learned to prefer it cooked. Oc-

casionally, however, it is fried.

Chondrus crispus, the Carrageen or Irish Moss of the shops, is dis-

solved, after long boiling, into a nearly colorless insi])id jelly, which

may tlien he seasoned and rendered tolerably palatable. It is con-

sidered a nonrishing article of diet, especially for invalids, and has

been recommended in consumptive cases. At one time, before it was

generally known to be a very common plant on rocky coasts,^ it

fetched a considerable price in the market. Though called "Irish

moss," it is abundant on all the shores of Europe and of the northern

States of America. It is, perhaps, most palatable when prepared as

a blanc-mange with milk, but it should be eaten on the day it is

made, being liable, when kept, to run to water. Its nourishing quali-

ties have been tested, I am informed, in the successful rearing of

calves and pigs partly upon it.

Many other species, particularly various kinds of Grigariina and

Gracilaria, yield similar jellies when boiled, some of Avhich are excel-

lent,

Gracilaria liclienoides, the Ceylon Moss of the East, where it is

largely used in soups and jellies, and G. Spinosa, the Agar-Agar

(or Agal-Agal) of the' Chinese, are among the most.valuable of these.

They are extensively used, and form important articles of traffic in

the East. Another species of excellent quality (the Gigartina speciosa

of Sonder) is collected' for similar purposes by the colonists of Swan
river.

It was at one time supposed that the famous edible birds' nests of

China, the finest of which sell for their weight in gold, and enter into

the composition of the most luxurious Chinese dishes, were constructed

of the semi-decomposed branches of some Alga of one or other of the

above-named genera ; but it has since been ascertained that these

nests consist of an animal substance, which is supposed to be dis-

gorged by the swallows that build them.

Neai-ly all the cartilaginous kinds of IlhodospermefB will boil down
to an edible jelly. One"kind is preferred to another, not from being

more wholesome, but from yielding a stronger and more tasteless

gelatine. The latter quality is essential ; for though the skill of the

cook can readily impart an agreeable flavor to a tasteless substance,

it is more difiicuk to oveicome the smack of an unsavory one.
_
And

the main quality which gives a disrelish to most of our Algro-jellies

and blanc-manges is a certain bitterish and sub-saline taste which can

rarely be altogether removed.

Very few Algfe have been found agreeably tasted when cooked,

though Dillish and others are pleasantly sweet when eaten raw. Many
which, when moistened after having been dried, exhale a strong per-

fume of violets, are altogether disappointing to the palate.

Perhaps, after all, the most valuable as articles of food are the va-

rieties oi Porplujra vulgaris and P. laciniata, which, in winter, are col-

lected on the rocky shores of Europe, and by boiling for many hours

are reduced to a dark brown, semi-fluid mass, which is brought to

table under the name of marine sauce, slohe, slouJc, or sloucaicn. It is

eaten with lemon-juice or vinegar, and its flavor is liked by most per-
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sons wlio can overcome the disgust caused by its very unpleasant
aspect. At some of tlie British establishments for preserving fresh

vegetables it is put up in hermetically sealed cases for exportation and
use at sea, or for use at seasons when it cannot be obtained from the

rocks. It is collected only in winter, at which season the membranous
fronds, which are found in a less perfect state in summer, are in full

growth. Both species of Porphyra grow abundantly on the rocky
shores of North America. They not only furnish an agreeable vege-

table sauce, but are regarded as anti-scorbutic, and said to be useful

in glandular swellings, perhaps from the minute quantity of iodine

which they contain.

As articles of food for man other seaweeds might be mentioned, but
I admit that none among them furnish us directly with valuable escu-

lents ; though many less nauseous than the hunter's " Tripe de Roche"
are sufiiciently nourishing to prolong existence to the shij)wrecked

seaman ; and others, like the Porpliyrce just mentioned, are useful

condiments to counteract the effects of continued subsistence on salt-

junk.
But if not directly edible, there are many ways in which they indi-

rectly supply the table. As winter provender for cattle, some are in

high esteem on the northern shores of Europe. In Norway and Scot-

land the herds regularly visit the shores, on the recess of the tide, to

feed on Fucus vesiculosus and F. serratus, which are both also collected

and boiled by the Norwegian and Lapland peasants, and, when mixed
with coarse meal, given to pigs, horses, and cattle. These Fuci are

both grateful and nourishing to the animals, which become very par-

tial to such food. Yet, perhaps, they are only the resources of half-

fed beasts, and would possibly be blown on by a stall-fed ""short-

horn" that looks for vegetables of a higher order.

To obtain such food for the high-bred cow, the Alga3 must be ap-

plied in another way—namely, as manure. For this purpose they
are very largely used in the British islands, Avhere '''sea-wrack" is

carried many miles inland, and successfully applied in the raising of

green crops. On the west coast of Ireland, the refuse of the sea fur-

nishes the poor man with the greater part of the manure on which he
depends for raising his potatoes. All kinds of seaweed are indis-

criminately applied ; but tlie larger kinds of Laminarice are i^referred.

As these rapidly decompose, and melt into the ground, they should,

in common with other kinds, be used fresh, and not suffered to lie

long in the j)it, where they soon lose their fertilizing properties. The
crops of potatoes thus raised being generally abundant, but the quality

rarely good, sea-wrack is more suitable, to the coarser than to the

finer varieties of the potato. It is, however, considered excellent for

various green croi^s, and a good top-dressing for grass land, and its

use is by no means confined to the poorer districts. The employment
of sea-wrack is limited only by the expense of conveying so bulky a
material to a distance from the sea or a navigable river.

Though the agricultural profits derived from the Algfe are consid-

erable, a still larger revenue was once obtained by burning the Fuci
and collecting their ashes, as a source of carbonate of soda—a salt

which exists abundantly in most of them. Fucus vesiculosus, nodosus,
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and serraHcs, the three commonest European kinds, yiehled, up to a

recent period, a very considerable rental to the owners of tidal rocl^s

on the bleakest and most barren islands of the north of Scotland, and

on all similar rocky shores on the English and Irish coasts. A single

proprietor (Lord Macdonald) is said to have derived £10,000 per an-

num, for several successive years, from the rent of his kelp shores
;

and the collecting and preparation of the JceljJ afforded a profitable

employment to many thousands of the inhabitants of Orkney, Shet-

land, and the Hebrides.

During the last European war^ when England was shut out from

the markets from which a supply of soda was previously obtained,

almost the whole of the alkali used by soap-boilers was derived from

the Ji-eljj, or sea-weed ashes, collected in Scotland. The quantity an-

nuallv made in favorable years, between 1790 and 1800, amounted, on

the authority of Dr. Barry,* to 3,000 tons, which then fetched from

£8 to £10 sterling per ton; but, at a later period of the war, rose

from £18 to £20. "it is also stated by the same author, that within

the 80 years, from 1720 to 1800, which succeeded the first introduc-

tion of the kelp trade, the enormous sum of £595,000 was realized by

the proprietors of kelp shores and their tenants and laborers.

Yet, so great was the prejudice of the islanders against this lucra-

tive trade, when first proposed to them, "and," to quote Dr. Gre-

ville, "so violent and unanimous was the resistance, that officers of

justice were found necessary to protect the individuals employed in

the work. Several trials were the consequences of these outrages.

It was gravely pleaded in a court of law, 'that the suffocating smoke

that issued from the kelp kilns would sicken or kill every species of

fish on the coast, or drive them into the ocean fir beyond the reach of

the fishermen ; blast the corn and grass on their farms
;
introduce

diseases of various kinds; and smite with barrenness their sheep^

horses, and cattle, and even their own families.' " We smile at the

ignorant bigotry of these poor people ; but have we never heard as

great misfortunes predicted of almost every new improvement of the

age we live in, and that not by unlettered peasantry, but by persons

calling themselves wise, learned, and refined?—as sad stories have

been told against temperance, free trade, or even against the exhibi-

tion in the Crystal Palace.

The Orkney islanders were not long in finding the golden harvest

which had thus, in the first instance, been forced upon them, and,

within a few years, "Prosperity to the kelp trade !" was given as the

leading toast on all their festive occasions. This state of prosperity

lasted until the general peace, when the foreign markets being thrown

open, harilla came into competition with the home produce. The
manufacture of kelp gradually declined as the price fell, and now it

has nearly ceased altogether ; for, besides the competition with barilla,

the modern process by wliich soda is readily procured from rock-salt,

has brought another rival into the field, and one against which it

seems in vain to contend.

f History of the Orkney Islands, p. 383, (as quoted by Greville; see Alg. Brit. Introd.,

p. xxi, et seq.)
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Kelp is still made, on a small scale, for local consumption, and is

sometimes exported as manure, but at a very low price. It is not

likely ever to rise again into importance, except as a source of Iodine,

which singular substance was first discovered in a soap-ley made with

kelp ashes. Iodine has now become almost indispensable^ from its

medicinal value, as well as from its use in the arts and manufactures,

and has been found in greater quantity in the fronds of certain littoral

Alga) than in any other substances. It is therefore possible that, for

producing this substance, these kelp-weeds may again become of mer-

cantile importance. As a remedy in cases of glandular swellings^, the

use of Iodine is now well established, and it is a singular fact that

several littoral Fuci have been from early times considered popular

remedies in similar affections. Ficcus vesiculosus has long been used

by the hedge-doctors to reduce such swellings ; and Dr. Greville men-
tions, on the authority of the late Dr. Gillies', that the " stems of a

seaweed are sold in the shops, and chewed by the inhabitants of

South America, wherever goitre is prevalent, for the same purpose.

This remedy is termed by them Palo Goto, (literally, Goitre-stick,")

and Dr. Greville supposes, from the fragments which he had seen,

that it is a species of Laminaria.

Iodine, however, though the most important, is not the only medi-

cinal substance obtained from the Algn3. GracUcma JielmintJiochorion,

or Corsican Moss, has long held a place in the pharmacoiioeia as a
vermifuge. What is sold under this name in the shops, is commonly
adulterated with many other kinds. In samples which I have seen,

the greater part consisted of Laurencia ohtusa, through which a few

threads of the true Corsican Moss were dispersed. Possibly, however^

the Laurencia may be of equal value.

31annUe also has been detected by Dr. Stenhousc in several Alg?e^

to which it imparts a sweetish taste. The richest in this substance

appears to be Laminaria saccharina, from a thousand grains of which
121.5 grains, or 12.15 per cent., of mannite were obtained. The
method of extracting is very simple. The dried weed is repeatedly

digested with hot water, when it yields a mucilage of a brownish-red

color, and of a sweetish, but very disagreeable taste. When evapo-

rated to dryness, this mucilage leaves a saline semi-crystalline mass.

This being repeatedly treated with boiling alcohol, yields the mannite
in "large hard prisms, of a fine, silky lustre." Halidrys siliquosa,

Lo,mmaria digitata, Fucus serratus, Alaria esculenta, Bliodymenia

palmata, &c., are stated by Dr. Stenhouse, from whose memoir this

account is condensed, to contain from 1 to 5 or 6 per cent, of mannite.

In summing up the economic uses to which Algas have been ap-

plied, I must not omit to mention their application in the arts. Tho
most valuable species, in this point of view, with which we are ac-

quainted, is the Gracilaria tenax of China, under which name prob-

ably more than one species may be confounded. Of this plant, on
the authority of Mr. Turner, (Hist. Fuc. vol. 2, p. 142,) " th^

quantity annually imported at Canton is about 27,000 lbs., and it is

sold in that city at about 6d. or 8d. per lb. In preparing it, nothing
more is done than simply drying it in the sun ; after which it may
be preserved; like other Fuci, for any length of time, and improves
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by age, when not exceeding four or five years, if strongly compressed
and kept moist. The Chinese, when they have occasion to use it,

merely wash off the saline particles and other impurities, and then
steep it in warm water, in which, in a short time, it entirely dis-

solves, stiffening, as it cools, into a perfect gelatine, which, like

glue, again liquefies on exposure to heat, and makes an extremely
powerful cement. It is employed among them for all those purposes
to which gum or glue is here deemed applicable, hut chiefly in the
manufacture of lanthorns, to strengthen or varnish the paper, and
sometimes to thicken or give a gloss to gauze or silks." Mr. Turner
derived the above information respecting G. fenax from Sir Joseph
Banks ; but recent travellers tell us that Gracilaria spinosa, known
colloquially as Agal-agal* yields the strongest cement used by the
Chinese, and that it is brought in large quantities from Singapore and
neighboring shores to the China markets. Probably both species ar«

esteemed for similar qualities.

Several Algas are used in the arts in a minor way. Thus, accord-
ing to Dr. Patrick Neill;, knife-handles are made in Scotland of the
stems of Laminaria dlgltata. "A pretty thick stem is selected, and
cut into pieces about four inches long. Into these, when fresh, are
stuck blades of knives, such as gardeners use for p)runing or graft-

ing. As the stem dries, it contracts and hardens, closely and firmly
embracing the hilt of the blade. In the course of some months the
handles become quite firm, and very hard and shrivelled, so that
when tipped with metal they are hardly to be distinguished froin

hartshorn."
On the authority ot Lightfoot,t the stems of Chorda jilum, which

often attain the length of thirty or forty feet, and which are popularly
known in Scotland as " Lucky Minny's lines," " skinned, when*half
dry, and twisted, acquire so considerable a degree of strength and
toughness," that the Highlanders sometimes use them as fishing

lines, TJie slender stems of Nereocystis are similarly used by the
fishermen in Russian America. In parts of England bunches of
Fucus vesiculosus or F. Serratus are frequently hung in the cottages
of the poor as rude barometers, their hygrometric qualities, which
arise from the salt they contain, indicating a change of weather.

In our account of the artistic value of Alga?, we ought not to pass
unnoticed the ornamental works which the manuficturers of " sea-

weed pictures," and baskets of "ocean-flowers," construct from the
various beautiful species of our coasts, and which are so well known
at charity bazaars, accompanied by a much-hackneyed legend, com-
mencing,

" Call us not weeds ; we are flowers of the sea," &c.

Some of these "works of art " display considerable taste in the
arrangement, and the objects themselves are so intrinsically beauti-
ful that they can rarely be otherwise than attractive. During the
recent pressure of Irish famine^ many ladies in various parts of the
country employed a portion of their leisure in the manufacture of

* See the Voyage of H. M. S. Samarang.

t Fl. Scot. vol. 2, p. 9G4.
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these ornamental works, and no despicaLle sum was raised by tlie

sale.

Other sums, for charitable purj)Oses, have been realized in a way
which a botanist would deem more legitimate, by the sale of books
of prepared and named specimens ; and my friend, the Kev. Dr.
Landsborough,* I am told, has in this manner collected money
which has gone a considerable way towards building a church. There
seems no good reason why missionaries in distant countries might
not, either personally or through their pupils or families, collect these

and other natural objects^ and sell them for the benefit of their mis-

sion ; by which means they v/ould not only obtain funds for pursuing
the work more immediately committed to them, but would have the

satisfactiori of knowing that in doing so they were unfolding to the

admiration of mankind new pages of the wide-spread volume of

nature.

Unfortunately, it happens that in the educational course prescribed

to our divines, natural history has no place, for which reason many
are ignorant of the important bearings which the book of Nature has
upon the book of Revelation. They do not consider, apparently, that

both are from God—both are His faithful witnesses to mankind. And
if this be so, is it reasonable to suppose that either, without the other,

can be fully understood ? It is only necessary to glance at the absurd
commentaries in reference to natural objects which are to be found in

too many annotators of the Holy Scriptures, to be convinced of the

benefit vfhich the clergy would themselves derive from a more ex-

tended study of the works of creation. And to missionaries, es-

pecially, a minute familiarity with natural objects must be a power-
ful assistance in awakening the attention of the savage, who, after

his manner, is a close observer, and likely to detect a fallacy in his

teacher, should the latter attempt a j)ractical illustration of his dis-

course without sufficient knowledge.! This subject is too important
for casual discussion, and deserves the careful consideration of those

in whose hands the education of the clergy rests. These are not days
in which persons who ought to be our guides in matters of doctrine

can afford to be behind the rest of the world in knowledge ; nor can

they safely sneer at the "knowledge that puflfeth up,'' until, like

the Apostle, they have sounded its depths and proved its shallowness.

Why should the study of the physical sciences be supposed to have
an evil influence on the mind—a tendency to lead men to doubt every

truth which cannot be made the direct subject of analysis or experi-

ment? I can conceive a one-sided scientific education having this

tendency. If the mind be propelled altogether in one direction, and
that direction lead exclusively to analytical research, it is possible

that the other faculties of the individual may become clouded or en-

feebled ; and then he is the unresisting slave of analysis—not more a
rational being than any other monomaniac. And yet, paradoxical

though the assertion seem, he may be all his life a reasoner, forming

« Author of "A Popular History of British Seaweeds."

f See some excellent observations on this subject in " Foot-prints of the Creator ; or,

the Asterolepis of Stromncss," by Hugh Miller. London, 1849.
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deductions and inductions with the most rigid accuracy in his beaten

track.

I can conceive, too, the astronomer, conversant with the immensity

of simce and its innumerable systems of worlds, so prostrated before

the majesty of the material creation, as not only to lose sight of him-

self and of the whole race to which he belongs, but of the world, or

even of the solar system, and be led to doubt whether things so i)Oor,

and mean, and small can have any value in the sight of the Lord of

so wide a dominion. I can conceive him, too, observing the uni-

formity and the harmony of the laws that govern the whole system of

the heavens ; the undeviating course of all events_ among the stars

coming round as regularly as the shadow on the dial ; and the little

evidence there is that this uniformity has over suffered any disturb-

ance that cannot be accounted for by the law of gravitation, and made
the subject of calculation by the mathematician, who, working an

equation in his closet, shall come forth and declare the cause of irreg-

ularity, though that cause may be acting at thousands of millions of

miles distance—I can conceive him inferring from a uniformity like

this the absence of a superintending Providence in human affairs. If

the Creator, he will say, have given up the very heaven of heavens to

the immutable laws of gravitation, can I believe that he interferes by

his Providence to superintend the puny matters of this lower world ?

His reasons seem plausible while the mind is pointed in that one

direction. But they lose all their force when, laying aside for a mo-

ment the telescope, the philosopher investigates with his microscope

the structure of any living thing, no matter how small and how seem-

ingly simple the organism may be. Let the object examined but have

life, and it will soon lead him to understand a little of the meaning of

God's glorious title, Ilaximus in minimis. And the further he car-

ries his researches, the more the field of research opens, until, ex-

tending from the speck beneath his lens, it spreads wider and wider,

and at" length blends with infinity at the ''horizon's limit." Here

his boasted analysis can afford him no help. He has laid bare the

"mechanism of the heavens;" he has weighed the sun and the

planets ; he has foretold with unerring certainty events which shall

happen a thousand years after he shall be laid in the dust : and yet

he cannot unravel the mystery that shrouds the seat of life, even as it

exists in the meanest thing that crawls. And if the life of this poor

worm be thus wonderful, what is that spirit which animates the

human frame? What is that humanity which, but a moment ago,

seemed like the small dust in the balance compared with the multitude

and the masses of the stars ? His conceptions of his own true position

in the scale of being become more rational. For a moment he views

from a new position the distant stars, as the peasant views them in a

clear night—points of light spangling the blue vault above.
_
And he

reflects, " How do I hnoio that those shining ones are other than they

seem ? How do I Jcnoiu their size, their distance, the laws by which

they are governed—the reins by which the ' coursers of the sun ' are

held in their appointed track ? How, but by the intellectual powers

of. that human spirit which but now I deemed so poor and mean, so
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Tinwortliy of the very tliouglit of the Almighty—much more, so un-
worthy of the price which He has j)aid for it?"
Thus the mind, turned hack upon itself, begins to discover that^

after all, it is not " of the earth, earthy," but derived from a higher
source, and reserved for a higher destiny. And, strange to say, this

altered and bettered opinion of itself is traceable to the first check
which it feels—the first baffling of its analytical powers. So long as

the mind was extending the sphere of its researches into the material

universe, weighing, and numbering, and tabulating, all nature seemed
to move in blind obedience to a force whose influence might be calcu-

lated ; every world being found to act upon its fellow in exact propor-
tion to its position and its weight, and our world to be but a part, and
a small part, of one vast machine. And with such a view of the rela-

tion of the earth to the universe, might not unnaturally come a lower
estimate of man, the dweller on the earth. "Is he, too, but a part

in the house in which he dwells ? Is his course also subject to those

immutable laws which bind the universe together? And, if so, where
is his individuality ? Where the reflex of that image in Avhich he is

said to have been created?" But the moment that the mind appre-
hends the action of the inexiDlicable laws of life, and is certified of the
individuality of every living things however small, and compares these

microscopic "wholes" with the "whole" that it feels itself to be,

that moment it begins to see that the human soul is a something
apart from the world, in and over which it is placed.

Galileo in his cell was bound in fetters, but his spirit could not be
bound. His thoughts were as free, and his mind had as wide a range,
as if he could have flown through all space on the wings of light. And
thus it is with man—prisoned for a short time in this lower world, he
belongs to an order of being that no world can confine. He cannot
continue stationary, nor plod forever a dull round in the treadmill
here. lie must either rise above all height, into communion with the

Deity ; or fall, bereft of hope, forever. We must not estimate such a
being by the narrow bounds of the cell which he now inhabits. We
must judge of him by his intellectual powers, his aspirations, his in-

tuitive conceptions of his own nature ; and, as a spirit, all these place

him, in his individu.aUty, far above any plurality of mere material
worlds.

I may seem to be wandering from my proper theme, but my object

is to vindicate the teaching of the Book of Nature from the aspersions

of the ignorant and the prejudiced. Whilst I admit that half views
of natural science may lead men astray, and whilst I deplore the infi-

delity of scientific men whose minds are absorbed in the material on
which they work, I deny that the study of nature has, in itself, an
evil tendency. On the contrary, the study of organic nature, at least,

ought to be one of the purest sources of intellectual pleasure. It

places before us structures the most exquisite in form and delicate in

material ; the perfect works of Him who is Himself the sum of all

perfections :—and if our minds are properly balanced, we shall not
rest satisfied with a mere knowledge and admiration of these wonder-
ful and manifold works ; but, reading in them the evidence of their

relation to their Maker, we shall be led on to investigate our oivn.

I do not assert that this study is, of itself, sufficient to make men
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religious. But as the contemplation of any great work of art gene-

rally excites in us a two-fold admiration—admiration of the work

itself, and of the genius of its author—so a true perception of the

wonders of nature includes a certain worship of the aiithor of those

wonders. Yet we may study natural ohjects, and admire them, and

devote our whole life to elucidate their structure ;
and after all may

fail to recognise the being of Him who has fashioned them. Such

blindness is scarcely conceivable to some minds
;
yet to others, the

opposite appears but the eifect of a warm imagination. So inexpli-

cable is the human mind ! The moral evidence which stirs one man
to his centre brings no conviction to another. Physical truths, indeed,

cannot be rationally denied ; but there is no metaphysical truth which

may not be plausibly obscured or explained away by self-satisfied pre-

judice. Hence the inconclusiveness of all reasoning against infidelity.

The failure is not in the reasons set before the mind, but in the non-

acknowledgment of the imperative force of moral
_
reasons. _ No man

can be convinced of any moral truth against his will ; and if the will

be corrupt, it is possessed by a blind and deaf spirit, which none can

cast out until a "stronger than he" shall come.

Here I pause ; but I cannot conclude this lecture without express-

ing my warm thanks to the kind friends who have aided me in my
researches, both with specimens and with sympathy. To some of

them I am personally unknown, and with others I became acquainted

casually, during my recent tour along the shores of the United States.

From all I have received unmixed kindness, and every aid that it was

in their power to render. Indebted to all, therefore, I am more espe-

cially boimd by gratitude to my friend, Professor J. W. Bailey, of

West Point, the earliest American worker in the field of Algology.

Well known in his own peculiar branch of science, he has found a

relaxation from more wearing thought, in exploring the microscopic

world, and his various papers on what may be called "vegetable

atoms" {Diatomaceai) are widely known and highly appreciated.

From him I received the first specimens of United States Algaj which

I possessed, and, though residing at a distance from the coast, he has

been of essential service in infusing a taste for this peculiar depart-

ment of botany among persons favorably situated tor research ; so

that either from him or through him I have obtained specimens from

many localities from which I should otherwise have been shut out.

To him I am indebted for an introduction to a knot of Algologists

who have zealously explored the southwestern portions of Long Isl-

and and New York Sounds, ]\Iessrs. Hooper, Congdon, Pike, and
Walters of Brooklyn, from all of whom I have received liberal sup-

plies of specimens ; and through him Professor Lewis K. Gibbes, of

Charleston, whose personal acquaintance I had afterwards the happi-

ness of making, first communicated to me the result of his explora-

tions of Charleston harbor, as well as the first collection of Florida

Algaa v/hich I received, and which Dr. Gibbes obtained from their

collector, the late Dr. Wurdemann. Through Professor Asa Gray,

of Cambridge, Mass., long before it was my good fortune to know him
personally and intimately, I received collections of the Alg^ of Boston

•harbor, made by Mr. G. B. Emerson, Miss Morris, and Miss Loring,

9



130 TENTH ANNUAL REPORT, ETC.

(now Mrs. Gray) ; also of tlie Alg^e of Kliode Island, made by Mr.
S. T. Olney, who lias done so much to illustrate the botany of that

State, and by Mr. George Hunt. My gatherings from the same coasts

have since been much enriched by specimens from Dr. Silas Durkee,
of Boston, Dr. M. B. Koche, of New Bedford, and Mrs. P. P. Mudge,
of Lynn.
To Professor Tuomey, of the University of Alabama, I feel especially

indebted for the care and kindness with which he formed for me an
interesting collection of the Alga3 of the Florida Keys, and the more
so because this collection was made purposely to aid me in my present
work. My friend Dr. Blodgett, of Key West, also, since my return
to Europe, has communicated several additional species, and is con-
tinuing his researches on that fertile shore. To the Eev. W. S. Hore,
now of Oxford, England, (a name well known to the readers of the
Phycologia Britannica,) I am indebted for a considerable bundle of
Well preserved specimens, gathered at Prince Edward's Island, by
Dr. T. E. Jeans

; and to the kindness of my old friend and chum,
Alexander Eliott^ of the Dockyard, Halifax, I owe the opportunity
of a fortnight's dredging in Halifax harbor, and many a pleasant
ramble in the vicinity.

My personal collections of North American Algae have been made
at Halifax ; Nahant beach ; New York Sound ; Greenport, Long
Island ; Charleston harbor ; and Key West ; and are pretty full,

especially at the last named place, where I remained a month.
The few Mexican species which find a place in my work have been

presented to me by Professor J. Agardh, of Lund, and were collected

by M. LiEBMAN. Those from California are derived partly from the
naturalists of Captain Beechey's voyage ; a few from the late David
Douglas ;

and a considerable number brought by my predecessor, Dr.
Coulter, from Monterey Bay. I have received from Dr. F. J. Eu-
PRECHT, of St. Petersburg, several Algee from Kussian America; from
Sir John Kichardson a few Algfe of the Polar sea ; and various spe-
cimens of these plants, which have found their way from tlie North-
west Coast to the herbarium of Sir W. J. Hooker, have, with the
well-known liberality of that illustrious botanist, been freely placed
at my disposal.

But I should not, in speaking of the Northwest Coast, omit to men-
tion a name which will ever be associated in my mind with that
interesting botanical region, the venerable Archibald Menzies, who
accompanied Vancouver, and whom I remember as one of the finest

specimens of a green old age that it has been my lot to meet. He
was the first naturalist to explore the cryptogamic treasures of the
Northwest, and to the last could recal with vividness the scenes he
had witnessed, and loved to speak of the plants he had discovered.
His plants, the companions of his early hardships, seemed to stir up
recollections of every circumstance that had attended their collection,

at a distance of more than half a century back from the time I speak
of. He it was who first possessed me with a desire to explore the
American shores—a desire which has followed me through life, though
as yet it has been but very imperfectly gratified. With this small
tribute to his memory, I may appropriately close this general expres-
sion of my thanks to those who have aided me in the present under-
taking.



LECTUUE.

NATURAL HISTOEY AS APPLIED TO FARMINa AND
GARDENINa.

By Rev. J. G. MORRIS, of Baltimore.

Tlie lecturer commenced hj observing, that every American has rea-

son to he proud of the exploits of his countrymen in the field of natural
history. Extended tours have been made, and exhausting fatigues have
been cheerfully endured ; the most patient investigation has been insti-

tuted, and many magnificent works have been published. Some of

these equal, in splendor of pictorial illustration, those of any other
country, and the literary portion will favorably compare with the
most finished scientific compositions of the world. Audubon's great
works on our birds and quadrupeds was here especially cited, whilst
proper credit was given to other native illustrated works. The cata-

logue of our naturalists and their books is increasing every year, and
the facilities for studying the natural history of our country are rapidly
enlarging.

The lecturer mentioned the names of our principal naturalists, ar-
ranged under each branch which they have respectively investigated,

including mammals, birds, reptiles, fishes, shells, crustaceans, and
insects.

Whilst much has been accomplished, yet the whole field has not yet
been explored. Our new western territorial acquisitions almost daily
develop new animal treasures, and it will not be many years before
the energy of our students of nature will push their researches to the
utmost limits of our boundaries. Some interesting details were related
of the self-denial and perseverance of our exploring naturalists^ whose
adventures have an air of romance truly enchanting.

Several of our State legislatures have made liberal appropriations
for geological and zoological surveys. Massachusetts and New York
were particularly noticed, and a description of the great works on
these subjects, published by them, was given. He noticed the pro-
posal to establish an agricultural college in a northern State some
time ago, in which there was to be a professor of geology, which was
well enough ; but the lecturer maintained, that zoology should also

be taught in such an institution, for the farmer should know the habits
and names of the various animals which are injurious to vegetation,
and the best method of checking the mischief done by them, as well
as the nature of his various soils, which geology and agricultural
chemistry teach. The farmer should also be acquainted with the
grasses and forest-trees of his plantation, and thus elevate his noble
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profession to its proper rank among human pursuits, and feel that

the exercise of intellect, as well as of muscle, is highly useful to his

purpose.

The anatomical structure of his domestic animals should also he
studied, so that he may understand the different diseases to which they
are liable.

After an enlargment on the imj^ortance of our domestic animals,

field products, and minerals, as sources of wealth and comfort, a few
striking facts were given, demonstrating the immense benefit which a
knowledge of the natural history of some animals and plants has con-

ferred on mankind. Thus, Linne prevented the decay and destruc-

tion of the ship timber in the royal dock-yards of Sweden, by know-
ing the habits of the little insect which occasioned the evil. It was
the same naturalist who first advised the sowing of beach-grass

[Arundo arenario^ to prevent the encroachments of the sea, by fixing

the sands of the shore, in Holland, and this has been tested to some
extent in Massachusetts.

Farmers and gardeners often complain of their fruit being devoured

by birds and other ^'vermin," as many call them, and an indiscrimi-

nate slaughter ensues. It is time that correct notions on this subject

should prevail, and all would soon be right if natural history were in-

cluded in the range of general reading.

In proceeding with the lecture, the vertebrate animals that are sup-

posed to be noxious to vegetation were considered. The mammals
were first mentioned. The operations of foxes, rats, weasels, rabbits,

moles, field-mice, squirrels, &c., were alluded to. It was stated that

an English nobleman, instead of destroying the moles in his groundis,

offered a reward for bringing them to him, being assured that they
were more beneficial than injurious, inasmuch as, in their subterranean
wanderings, they destroyed immense numbers of noxious grubs and
beetles.

The &;Vc/s were next considered, and the conclusion adopted, that the
deestruction of birds has given rise to an infinitely more prejudicial

multiplication of noxious insects than the evils they themselves occa-

sioned. The opinions of eminent naturalists on this subject were
cited, confirmatory of this opinion.

Having considered the vertebrates, or those with a backbone, in re-

lation to this subject, the invertehrite insects, particularly, were next
introduced. It was stated, that they are greater pests and commit
greater ravages, and annoy the farmer and gardener more, than all

other noxious animals together.

After dilating in general on the study of entomology, and the im-
portance of insects in the economy of nature, the lecturer proceeded to

speak of those insects which affect onrfeld crops, garden plants, /lower'

ing pla7its, and, finally, ourfruit andforest trees.

Wheat was placed at the head of field crops. Here, naturally, the
Hessian fy first demanded attention. Of this diminutive insect it

has been properly said, "that it is more formidable than an army of

.20,000 Hessians would be."
Its history was given, and it was made out to be an European in-

sect, and introduced in August, 1776^ by the Hessians, who landed on
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Staten Island, and was brought in the straw used in packing. It was
in that vicinity that it first attacked the wheat-fiehls, and thence spread

over the country. It was totally unknown in this country before the

Eevolution. Its ravages soon began to excite the attention of farmers.

Whole crops were destroyed. Learned societies and agricultural as-

sociations offered rewards for its extirj)ation. The American Philo-

sophical Society, in 1792, appointed a committee, consisting of Mr.

Jefierson, B. Smith Barton, James Hutchinson, and Caspar Wistar,

to collect and communicate materials for the natural history of the

Hessian fly. So greatly was it dreaded in England, that in 1788 an.

order was issued by government, prohibiting the entry of wheat from

the United States into any of the ports of Great Britain, This order

was based on ignorance of the habits of the insect, for it is not the

grain that is affected by it, but the plant alone. It could not be

transported in the grain. The history of the little depredator was
given at length, and its form, &c., illustrated by large drawings.

Its character and transformations, and the mode of its operations on

the wheat-stalk, were enlarged on. After describing its depredations,

it was observed, that if ^Providence had not provided an effectual

means of checking its ravages, they would literally swarm over the

land. TJiis insect is preyed on hy at least four others, which were

briefly described. Proper credit was awarded to Dr. Fitch and Mr.

Herrick for their interesting and successful investigations on this sub-

ject. The various remedies proposed were also noticed, but none, as

yet, appears infallible. A rich soil, late sowing, grazing, rolling,

mowing, steeps for the seed, &c., &c., have all been suggested.

The history of another insect infesting our wheat was given, closely

allied to that already considered. This is the ivlieat fiy. They are,

by many^ considered the same ; and hence errors and confusion have

arisen. This insect deposites its eggs, not like the Hessian fly, in the

blades of the plant, but in the chaffy scales of the flowers. The larva

works its way into the grain, lives upon its juices, and thus destroys

it. It has, however, powerful enemies in some parasites, but espe-

cially in our common yellow bird, {Fringilla tristis.)

There are other insects which attack stored grains—as a small wee-

vil {Colandva remote punctati) and a small moth, {Alucita cerealella,)

&c,, &c,
Indian Corn.—This plant is attacked principally by the larva of

a moth, {Gortyna zece,) which penetrates into the soft centre of the

stalk near the ground, which destroys it. There is the larva of

another moth, (Agrotis segetum,) which attacks the roots and tender

sprouts of the young plants. This is familiarly known as the cict~

worm, though several destructive worms are known by that name.
Various remedies have been proposed for these depredators, but none,

probably, effectual.

Grass.—This is attacked by the grub of a beetle, [Melolontha

quercma.) The roots are devoured by it. The ivire-iform, Avhich is

the larva of a beetle, {Elater ohesics,) is also exceedingly destructive

to grass.

In relation to garden plants, the lecturer enumerated the insects

most destructive, and the various methods of exterminating them.
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Tlie insects injurious to fruit trees were more particularly consid-

ered. The history of those attacking the apple, peach, pear, plum,
cherry, grape, &c., was given, and the proper means of destroying

them.
l^\iQ forest trees of our country have not yet received the scientific

consideration they deserve—that is, as to their economical importance.

They have been named and described, and some splendid illustrated

works have been published upon them, but they have not been culti-

vated with care, and no attention is paid to their preservation. This
is owing to their vast numbers, and it will jirobably be a century
hence before we shall find it necessary to have a public officer, as they
have in Europe, whose special duty it shall be to superintend the

woods and forests.

Our common hickory tree is sometimes much injured by a beetle,

{Areoda lanigera.) The grubs of the beautiful family of beetles {Bu-
prestidoi) are wood eaters and borers. The solid trunks and limbs of

sound and vigorous trees are often bored through in various directions

by them, and, of course, destroyed. The grub of a Capricorn beetle

(Stenocorus garganicus) inhabits the hickory, and forms long galleries

in the trunk.

The oalis are attacked by the larva of Elapliidion putafor, which.

perforates the small branches to the extent of six or eight inches. It

lives in the pith^ and, when it is full-fed, it eats away all the wood
transversely from within, leaving only the ring of the bark untouched.
It then retires backwards, stops up the end of its hole near the trans-

verse section with the fibres of the wood, and the next strong wind
breaks off the twig^ preci]3itates it to the ground, the larva then comes
out, buries itself in the earth, and there undergoes its transform-
ation.

The pine trees in this country, as well as in Europe, have also

sufl:ered much from an insignificant beetle. Its ravages have been
extensive. A few years ago there were loud complaints of the depre-
dations of a certain insect on the pine trees of the South, but people,

for the most part, did not know what it was. It is a small beetle,

{Hylohius pales, or picivorus.)

The elm trees in New England, or rather their foliage, is destroyed

by what is there called the canJcer-worm. It is the larva of a small
butterfly, which is hatched from the egg of the luingless female. She
climbs up the tree by its trunk. To prevent this, the trunk, near the
top;, is encircled by a leaden trough, filled with tar or oil, and this

prevents the female from reaching the leaves, on which she deposites

her eggs. For some years back, the elm trees of our State have been
denuded by the larva of an insect. People had heard of the means
employed in New England to prevent the ravages of the worm, and
soon many of our elm trees were furnished with leaden troughs, but
the insect was as mischievous as ever. What was the reason ? Sim-
ply this, that the insect in New England is an entirely different one
from ours. That is a hutterjly, the wingless female of which is obliged

to crawl up tlie trunk of the tree ; ours is a beetle, the winged female
of which Jlies to the tree, and, of course, the leaden trough on the
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trunk will not interfere with its depredations. It is tlie Galeruca

cabnariensis, and is of foreign introduction.

The injuries done to the cedar, locust, and other trees, hy insects,

were severally considered.

The Doctor concluded by observing that, ifmen undertake to destroy

insects, they should know their economy, for otherwise those might
be destroyed which are really beneficial. In seme countries children

are employed for this purpose ; and to give an idea of the numbers of

some species of noxious insects, he stated an instance related by Mons.
Audouin, who was charged by the French Academy of Science to in-

vestigate the habits of a small moth, whose larva was found to be ex-

ceedingly injurious in vineyards in France. During the month of

August, women and children were employed for four days in collecting

the patches of eggs upon the leaves, during which period 180,900
patches were collected, which w^as equal to the destruction of 11,214,000

eggs. In twelve days, twenty or thirty workers destroyed 40,182,000

eggs ; all of which would have beeci hatched in twelve or fifteen days.

The intimate connexion in which insects stand to man, to domestic

animals, and to vegetable productions, makes them well worthy thecon-

sideration of every one, and particularly of the farmer and gardener.

If we consider the fecundity of many kinds, which sometimes produce

an offspring of several thousands, and also that some species produce

several generations in one season, their numbers cannot be estimated.

All these uncounted myriads derive their nourishment either from
plants or animals in their living state, or from their remains when
dead. From such considerations, we may well be alarmed for our

fields, forests, and gardens.

It would be well for farmers and gardeners to observe closely, and
communicate their observations through the journals of the day. We,
too, after awhile, may have a great national work on this subject, as

most European governments have. Our government, or some well-

endowed institution, could not more usefully spend a sum of money
;

and it is hoped that when an agricultural bureau shall have been es-

tablished here at Washington, we shall have such a work that shall

be worthy the subject and worthy the nation.





LECTUJIE.

INSECT INSTINCTS AND TRANSFORMATIONS.

By Rev. J. G. MORRIS, of Baltimore.

The lecturer began by deploring tbe neglect of the study of ento-

mology in this country, and gave several reasons why the science has

not been cultivated to the same extent as some other branches of zo-

ology, such as the minuteness of insects, the presumed difficulty of

capturing them, the dislike to killing them, their increased numbers,

the dread many persons have of handling them when living, the

scarcity of books describing our own species, the fear of being ridiculed

by others, &c., &c. In illustration of the latter reason, he re-

lated an anecdote of an English lady of fortune, whose will some dis-

appointed heirs wished to break on the ground of insanity at the time

it was made ; and one reason they strongly urged to prove her dis-

ordered intellect was, that she was fond of catching butterflies, and
studying the habits of insects in general !

: The lecturer proceeded to show that the ever-varying wonders which
the natural history of insects presents, are much more remarkable than

those of other classes of animals. The curious construction of their

frame, their diversified colors, their wonderful instincts, their extra-

ordinary transformations, their beauties and uses, render them objects

worthy of investigation. He showed how extensively the science had
been cultivated in Europe, and gave a brief history of it from the days

of Linne to the present time. He mentioned the names of some of the

most distinguished writers of the present day, and stated some inte-

resting facts relative to the character and immense cost of some of the

illustrated books on the subject. He paid a deserved compliment to

the few entomologists of our own country, and specially cited the

names of Say, Melsheimer, (father and sons,) Harris, LeConte, Randall,

Haldeman, Ziegler, Fitch, and a few others, who had industriously

pursued the subject.

The difficulties to beginners in tliis science were alluded to, but it

was demonstrated that no branch of zoology afforded more pleasure in

its prosecution ; and here a general view was taken of the curious

habits of some insects—the arrangement and character of their eyes,

their motions, food, societies, habitations, eggs, affection for their

young, injuries, benefits^ propagation, geographical distribution, in-

finite numbers, inexhaustible variety, unequalled beauty, which the

highest skill of the painter cannot imitate ; their stratagems in the

pursuit of their prey, their inconceivable industry, and some other

wonderful phenomena.
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After this general view, the lecturerer dwelt specifically on several
points

;
and, first, on the Transformations of Insects. Everybody would

be suri)rised to see a bird of gorgeous plumage rise out of the earth,
proceeding from a serpent-like worm that had buried itself and re-
mained under ground for several years. This would be an extraordi-
nary metamorphosis, and yet the equivalent of this is occurring every
day during the summer. The butterfly, which sports in the air, and
sips nectar from every flower, was nothing once but a crawling cater-
pillar, which, entombing itself in the coffin or cocoon of its own con-
struction, or changing into a chrysalis, came forth at last the beautiful
animal you now behold it, with its habits^ food, appearance, organs,
entirely changed. And the same is true of nearly all insects.
The different states of insects were now spoken of: the egg, larva

or grub, chrysalis and imago, or perfect insect, and the peculiarities of
each dwelt upon. The different modes of transformation were men-
tioned, and some of them were illustrated in full. Many curious and
striking facts in connexion with this head were introduced. The
habits of the ichneumon flies, which lay their eggs in caterpillars, by
inserting their ovipositors through their flesh, the larvee of which feed
on the fatty juices of the living caterpillar, and undergo their trans-
formation in the body^ and eat their way out as the perfect insect.
The benefits and uses of insects were then exhibited. They are nature's

scavengers
; the carcases of animals are speedily consumed by the

larvas of various beetles and flies, and there is good ground for Linne's
assertion that three flies of a certain species will devour a dead hor^
as quickly as a lion. Each will produce 20,000 grubs, which, in
twenty-four hours, will devour so much food as to increase their bulk
two hundred fold. The burying beetle inhumes small dead animals,
and ants perform no mean office in this respect. Putrescent vegeta-
bles and decomposing fungi are consumed by beetles, and stagnant
waters are purified by innumerable larvas. Noxious insects are kept
within proper* limits by others ; wasps destroy multitudes of spiders
and grasshoppers, and the family of ichneumon insects kill thousands
of caterpillars. If it were not for the larva? of the lady-bird, so com-
mon in our gardens, our roses, and some other flowers, would be de-
stroyed by the parasitic animals upon them. The singular ant-lion,
which lies in wait for its prey in a hole in the sand, and most curiously
throtos stones at its retreating game, destroys many noxious insects.
Nothing escapes the ruthless attacks of the ichneumons ; they assault
the spider in his web, the bee in his retreat ; they find out the larvsB
of the Hessian fly and kill millions of them. The tiger-beetle preys
on the whole insect race, and the water-beetles are no less cruel on
their congeners. Ants, wasps, hornets, dragon-flies, in a word nearly
all are employed by Providence in keeping down a superabundance of
these little animals, which, if left unmolested, would be a plague on
the earth. Insects are real cannibals ; even some species of caterpil-
lars will devour each other. Some devour their own offspring with
savage ferocity, and the young of the mantis will fall on and devour
each other as soon as they are excluded from the egg.

Insects, wholly or in part, constitute the food of some of our most
esteemed fishes and birds ; they aff'ord nourishment to some quadru-
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peds and reptiles ; many of them furnisli tlie best bait to tlic angler.

In some countries they are eaten and accounted great delicacies, and

we who delight in lobste>rs, terrapins, and bullfrogs, should not be

squeamish about the Arabs eating locusts, or some people in South

America crunching a centipede with appetite, or making a savory

soup of the grubs of beetles.

Many years ago, the doctors made extensive use of insects in their

practice. Powder of silkworms was given for vertigo ;
millepedes for

the jaundice ; fly-water for ear-ache ; five gnats were considered a dose

of excellent physic ; lady-birds for cholic and measles ; ants were in-

comparable for leprosy and deafness. A learned Italian professor

assures us that a finger once imbued with the juices of a certain beetle

will retain its power of curing tooth-ache for a year !

But it is true that, in Cayenne, one insect produces a lint which is

an excellent styptic, and gum ammonia oozes out of a plant from an.

incision made by another. The benefits and uses of the Cantharis, a

Spanish fly, the cochineal, the gall-flies, the bee, silkworms, &c., &c.,

are well known.
Many interesting illustrations were given of the affection which

many insects have for their young. The selection of the appropriate

place for the deposite of their eggs by the butterfly, the dragonfly,

the horsefly, the wasp, &c.; the gathering of proper food for the

larva3 ; their protection against natural enemies and the weather
;

these, and other curious facts under this head^ were dwelt on at some
length.

The phenomena presented by insect hahitaticns were exhibited very

lucidly. The lecturer stated and proved, that the most ingeniously

constructed hut of the beaver, and the most artfully contrived nest of

the bird, are far surpassed by the habitations of insects. Here he

discoursed on the cells of wasps, and particularly of the honey-bee

—

and these latter were illustrated by large drawings—showing that the

bee in the construction of its nest solves a problem in mathematics of

the highest order. He related many interesting phenomena, which
seemed almost incredible to those who had never paid special atten-

tion to this subject. He stated that Dr. Paley was mistaken in as-

serting "'that the human animal is the only one which is naked, and
the only one which can clothe itself," by showing that caterpillars of

various moths clothe themselves comfortably and beautifully. Not
only do larvte which live on land construct coverings for themselves,

but some which spend that period of their existence in the water.

They make their coats of sand, grass, and sometimes of minute shells.

The common web, or habitation of the spider, is familiar to all ;
but

there is one species which excavates a gallery upwards of two feet in

length and half an inch broad. It is furnished at the orifice with a

curiously constructed door, actually turning on a hinge of silk, and,

as if acquainted with the laws of gravity, she invariably fixes the

hinge at the highest side of the opening, so that the door when pushed
up shuts again by its own weight. The habitation of the water-spi-

dei' is built under water, and is formed, in fact, of air. She first con-

structs a frame-work of her chamber attached to the leaves of aquatic

plants
; she then covers it with a sort of varnish elaborated from her
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spinner ; slie then introduces bubbles of air, and soon has a commo
dious and dry retreat in the water.

The means of defence which insects employ were also considered.

They assume various attitudes calculated to deceive the beholder
;

many roll themselves up and feign death. One genus, BracJiinus, has
'the wonderful faculty of producing a sound (but not from the mouth)
like the explosions of a pop-gun, and a smoke-like secretion is at the

same time discharged. Other insects eject an acrid fluid from their

mouths ; some defend themselves with their weapons ; some have
horns and strong claws ; some have stings ; some bite—others pierce

;

bees erect fortifications at the mouth of their hives to defend them-
selves against their enemy, the moth ; some cover themselves with
leaves ; some appear only at night, &c., &c.
Numerous instances of the remarkable instincts of insects were

given, and among them that of the common mosquito in the laying

of its eggs. The female poises herself lightly on the water, protrudes

her hinder legs crosswise, and deposites her eggs on the platform thus

formed ; and when she has laid all, to the number of tliree hundred,
she lets the mass drop on the water, where they are hatched, and in

which they are destined to live in their larva state. This mass of

eggs is not a misshapen cluster, but it has the regular form of a boat,

and is so well poised that the most violent agitation of the water can-

not overset it. If it sunk, the eggs would perish ; but they float until

they are hatched, and then the young find their destined place in the

water, in wliich they undergo their transformation. Other examples
of instinct of caterpillars, wasps, ants, moths, &c., were given.

This led the lecturer, in conclusion, to say something on the nature

of instinct itself.

The French naturalist, Bonner, has said that philosophers will in

vain torment themselves to define instinct, until they have spent some
time in the head of an animal, without actually being that animal !

Cudworth referred this faculty to a certain pZastic wa/wre; and Des
Cartes maintained that animals are mere machines. Mylius, an old

philosopher, thought that many of the actions deemed instinctive are

the efi"ect of painful corporeal feelings ; the cocoon of a caterpillar, for

instance, being the result of a fit of cholic ; the animal producing the

cocoon by its uneasy contortions, and thus twisting its superabundant
silk material into a regular ball. Some have thought that the brain

of a bee or spider is impressed at its birth with certain geometrical

figures, according to which models its works are constructed. Buffon
refers the instinct of societies of insects to the circumstance of a great

number of individuals being brought into existence at the same time,

all acting with equal force, and obliged, by the similarity of their

structure, and the conformity of their movements, to perform each the

same movements in the same place, whence results a regular, well-

proportioned, and symmetrical structure. Addison and some others

have thought, as Kirby reports, that instinct is an immediate and con-

stant impulse of the Deity. The only opinion which deserves serious

consideration is that which contends for the identity of instinct with
reason in man. Some great names are arranged on this side, and it
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is tlie view commonly taken "by those who have not investigated the

suhjoct. It involves consequences wliich are dangerous, and, of course,

erroneous.

If we allow reason to animals, we must admit some monstrous ah-

surdities. The bee must be the best mathematician and philosopher
;

the young bird must be the best architect; the spider the best weaver

;

tlie beaver the best house-builder, &c., &c.

There is no j^rogressive improvement in insect architecture ; no

labor-saving machinery employed ; each species has its limited capa-

city, and there its powers cease ; neither is instinct improved by do-

mestication, &c.

The lecturer then returned to his specific theme, and by numerous
examples showed that insect instinct seemed to be more exquisite than

that of higher animals ; they showed more cunning, more art, more
adaptation, than other animals.

He closed by expressing the hope that he had awakened some in-

terest in this long neglected subject. That though insects are small

animals, yet " the meanest thing hath greatness in it," for all things

bear the impress of the Almighty maker : Omnia plena sunt Jovis; and
in our investigations into the secrets of nature, we are led to praise

" Him first, Him last, Him midst,

Him -witlioiit end."





LECTUKE.

OXYGEN AND ITS COMBINATIONS

BY PROF. GEO. J. CHACE,
OF BROWN UNIVERSITY.

Combustion or the rapid union of bodies witb oxj^gen^ attended witii

the free evolution of light and heat, takes place only at temperatures
more or less elevated. Phosphorus, the substance most readily ig-

nited, does not kindle till it has been raised to 120° Fahrenheit. Sul-
phur, the next most inflammable body, must be raised to the tempera-
ture of 300° before it will begin to burn. Charcoal kindles only at

the full red heat. Anthracite coal requires a temperature somewhat
higher

; while iron and most of the other metals must be brought to

the glowing white heat before they will enter into combustion.
As tliis rapid union of bodies with oxygen takes place only where

their affinities have been energized by rise of temperature, it rarely
occurs in nature ; never, in fact, except where the lightning falls

upon the forest or the prairie, or the volcano sends forth its burning
streams of lava. As ordinarily witnessed, it is brought about by
artificial means for the attainment of economical and industrial ends.

In order that oxygen may unite with bodies at ordinary tempera-
tures, it must be presented to them in connexion with water. Dry
oxygen, whether pure or mingled with nitrogen, as in the atmospheric
air, has no action upon them. With the single exception of potassium,
all the metals may be exposed to it for an indefinite length of time
without alteration . The most porishable organic substances in like

manner remain unchanged in it. Neither do these bodies suffer

change in water from which the air has been removed ; but, exposed
to the combined action of air and water, or rather to the action of air

dissolved in water, all organic substances and nearly all the metals
pass more or less rapidly into the state of oxides. It is in this way
that oxidation in nature is universally effected.

The solvent powers of water are scarcely greater for solids than for

gases. Of some of these it absorbs several hundred times its volume.
For oxygen and nitrogen, however, the two principal constituents of
the atmosphere, its affinity is less energetic. Of the former, it ab-
sorbs but 4^ per cent. ; and of the latter, only 2^ per cent, of its vol-
urne. On account of the greater solubility of the oxygen, the air ob-
tained from water is richer in this element than ordinary atmospheric
air._ This contains only about 20 per cent, of its volume of oxygen

;

while the air extracted from water contains more than 30 per cent, of
its volume of oxygen.
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As the water at tlie earth's surface is everywhere in contact with,

the air, it is always more or less perfectly saturated with it. Although
the oxygen is continually heing withdrawn by the respiration of

aquatic animals, and also by decaying animal and vegetable matters,

fresh portions of this element are as constantly taken in from the at-

mosphere. This process of absorption is materially facilitated by
agitation at the surface of contact between the two fluids. Hence the
winds play an imjiortant part in keeping the superficial portions of

the oceans, seas, and lakes charged with oxygen.
Water is thus the great transferer of oxygen from the atmosphere

to the various organic and mineral substances entering into union
with it. The thinner the stratum of water interposed between the air

and the oxydizing body, the more rapidly is the transfer effected.

Hence metals with a mere film of water upon their surface, such as

they gatlier from a damp atmosphere, corrode much faster than when
deeply buried in that fluid. Metals with rough surfaces, also, when
exposed to a damp atmosphere, rust sooner than metals whose sur-

faces have been polished. These latter, on account of their feebler

attraction for moisture, do not so readily gather the requisite film

of water ; or if it be precipitated upon them, it quickly passes off

by evaporation, as is seen in the case of the highly polished knife

or razor.

If a sheet of iron be placed in a damp atmosphere, or in water con-
taining air, the phenomena observed Avill be as follows : For a time the
metal will retain its brightness and apparently suffer no change. At
length, however, minute spots of rust make their appearance here and
there upon its surface. These, when they have once begun to form_,

rapidly enlarge and multiply until ere long tlie entire sheet is over-

spread by them. This more rapid oxydation is probably caused by
a change in the electric state of the metal. Little galvanic circles are
formed by the spots of rust on the iron, in consequence of which the
latter acquires an increased tendency to unite with oxygen. Whether
the incipient oxydation is due to a similar influence of the water upon
the iron, or whether it is owing to the oxygen being presented by the
water in a state more favorable to combination, or whether both of
these causes concur in determining it, may admit of question.

Copper, lead, tin, and zinc, exposed to a moist atmosphere, or
placed in water holding air in solution, exliibit like phenomena.
Hence the corrosion of the copper sheathing of vessels by sea-water.
Hence, too, the frequent contamination of well and spring water by
the leaden pipes employed in conveying it. In both cases, the first

step in the series of transformations which occur, is the union of the
metal with the oxygen dissolved in the water. Silver and gold, in
similar circumstances, experience no change. Sulj^hur, and not oxy-
gen, is the agent by which they are tarnished.

This rapid wasting of the metals, after oxydation has once com-
menced, finds an analogy in the moral world. The first spot of rust
is the first lapse from virtue, the first stain of vice. And as that spot
of rust, if not promptly removed, enlarges and spreads until it soon
covers the whole surface of the metal ; so that first act of vice, if not
speedily repented of, becomes a habit by repetition, which continues
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to grow and strengthen until at length it extends its blighting influ-

ence over the entire character. But tliough there be this resemblance
in the commencement and progress of the two cases, there is a wide
differen.ce in the results. In the first instance it is only the corrosion

of a cottnparatively worthless price of metal ; in the second, it is the
wasting, the blackening, the ruin of a human soul.

The alterations which organic bodies undergo, when no longer per-
vaded by the principle of life, are due to the attacks of oxygen, di-

rected still through the medium of water. In themselves they have
no tendency to change. The first movement among their atoms is

always impressed from without. It is the interposition of new affini-

ties that breaks up the existing combinations and determines a re-

arrangement of the particles. The most delicate viands, hermetically
sealed in canisters from which the air has been removed, may go
round the world unaltered. Fruits hermetically sealed in their skins
are in like manner preserved from decay. When the skin is broken
or has become so changed in texture as to admit the air, decay at once
commences. Timber sunk in mud or water to so great a depth as to

be beyond the reach of oxygen, will remain unchanged for centuries.

The preservative powers of alcohol do not depend simply upon its co-

agulating the albuminous constituents of the animal and vegetable
tissues, and depriving them of a portion of their water ; it shields the
substances buried in it from the attacks of oxygen. Phosphorus,
which soon blackens in water from superficial oxydation, undergoes
no change in alcohol. In water the protoxide of iron soon runs into

the peroxide. In alcohol, it remains unaltered. Turpentine and
most oT the essential oils owe their preservative qualities in a great
jneasure to the exclusion of oxygen. The salts, bitumen, and aro-

matic gums employed by the ancient Egyptians in embalming, were
not simply of service in drying and hardening the animal tissues

—

their chief use was in shutting out the oxygen. Whatever docs this

renders the bodies most liable to decay incorruptible.

As in the case of the metals, the thinner the stratum of the water
interposed between organic substances and the surrounding atmo-
sphere, the more rapidly is the oxygen transferred to them. Hence
wood, hay, straw, and the fibres of cotton decay faster if simply
wetted, than if wholly immersed in water. Some of these when in
large quantities and j)ervaded by a dile degree of moisture, become so

heated in the interior of the mass as to pass from the ordinary to the
extraordinary mode of oxydation, thus furnishing an instance of
what is called spontaneous combustion. Vegetable mould and the
organic constituents of manures decompose more rapidly in a sandy
soil which allows the water to percolate it freely, than in a clayey
soil which retains the water. One of the chief benefits of drainage
consists in the freer admission of the air to all parts of the soil. The
organic matters contained in it are more rapidly oxydized and con-
verted into food for plants. If to alcohol, so far diluted as to admit
the air among its particles, there be added some vegetable ferment, it

will pass, by oxydation, into acetic acid and water. Many weeks, or

even months, however, may be required for completing the transform-
ation. But if the same mixed fluid be brought in contact with the

10
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air in tliin laminte, as by causing it to trickle slowly tlirougli a per-

forated cask filled with wood shavings, a few hours will he found suf-

ficient to effect perfectly its oxydatiou.

The tendency of bodies to unite with oxygen is greatly increased

if the product of their union be capable of acting as a base by the

presence of an acid ; or if it be capable of acting as an acid, by the

presence of a base. Thus iron, copper, lead, and tin, corrode much

faster in acidulated than in pure water. Even the small quantity of

carbonic acid always present in rain and spring water materially

facilitates the oxydation of the metals immersed in them. There is

superadded to the affinity of the metals for the oxygen that of their

oxides for the acid ; and if the resultant salt chance to be soluble,

their surface is kept constantly fresh for the corrosive action. The

oxydation of lead by water becomes a source of contamination only

when there is an acid present to unite with the oxide formed, and

render it soluble. The wasting of the copper sheathing of vessels by

sea-water is due not merely to the oxygen, but to the contained salts

with which the copper, either as an oxide or as a carbonate, enters

into reactions.

The arts avail themselves of this principle in the manufacture of

salts. The sulphate of copper is formed by the repeated immersion of

sheets of the metal in sulphuric acid so far diluted with water as to

give it the power of absorbing oxygen. The same metal exposed to

the combined influence of air, water, and acetic acid, passes into an

acetate. Lead, under like circumstances, is converted into an acetate

;

or, if the proper conditions be secured, the acetic acid as well as the

lead suffers oxydation, and a carbonate is produced. It is in this way

that white lead is ordinarily manufactured.

If the body uniting with oxygen form an acid, the combination will

be facilitated by the presence of a base. This fact explains why the

decay of organic substances is hastened by lime, potash, or soda.

There is superadded to their afiinity for oxygen, the affinity of these

powerful bases for the products of their oxydation. Even gold and

platinum, if heated in the air, in contact with either of the alkalies,

suffer oxydation. Nitrogen, though ordinarily manifesting so little

affinity for oxygen, spontaneously unites with it when the two gases

are dissolved in water and brought together in the presence of an

alkali or an alkaline earth. It is probably in this manner that the

nitrates, natural as well as artificial, are for the most part formed.

As oxygen and water, the medium through which it is presented,

are both universally diffused, bodies have a constant tendency to unite

with it, and if left to themselves, do in fact, sooner or later, pass to

the state of oxides. This is their natural or statical condition ;
and

although they may be temporarily reclaimed, they cannot be pre-

vented from ultimately reverting to it. Metals find their way back

to the stat;e of ores from which they have been brought. The bodies

of animals and plants, so long as life continues, are, indeed, exempt

from the attacks of oxygen ; but no sooner does life cease than they

are laid hold of by this universal, omnipresent element, and fast con-

verted into the substances from which they were formed. The wort

of their demolition is assisted by innumerable insects, which, pursuing
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them at all points, allow tlie destroyei* freer access to every part of

their tissues.

Were it not for this dissolving agency of oxygen, the earth would
be everywhere strewn with the undecaying remains of plants and
animals. Tliese, accumulating generation after generation, would en-

cumber its surface, until at length it would become one great charnel-

house filled with the unburied dead.

Oxygen thus performs the part of an undertaker. It removes the

dead out of our sight. And as in the case of the human undertaker,

the graves to which it consigns the lifeless forms intrusted to it, are

not eternal. They, too, give up their dead. The elements of the de-

caying tree, plant and animal, although for a time lost to our sight,

at length reappear in new organic forms, clothed with fresh life and
beauty.

Of the same nature is the office performed by oxygen in respiration.

Penetrating with the blood all parts of the body, it passes by the

living, but everywhere attacks the dead cells and prepares them for

removal from the system. It is only by oxydation that the material

of these cells becomes soluble, and it is only in a state of solution that

they can be borne out of the living organism. Every breath is

freighted with exhalations from the funeral pyres of unnumbered
corpses.

In this oxydation of tissue, which is constantly going forward, cer-,

tain imponderable agents or forces indispensable to the living functions

are liberated. In every part -of the body heat is evolved, and in the

brain, that more subtle fluid, which directed along the different ner-

vous channels, controls the movements of the entire frame. The
true source of animal motive power is not to be sought in the endow-
ments of spirit. This merely directs, it does not originate it. Voli-

tion is the touch of the key by the operator of the telegraph. UnlesS'

supplied with the requisite force by the brain, the will might as easily

create an arm as move it. As in the steam-engine and the electro-

magnetic engine, so in the animal organism oxydation is the trut

source of the power generated.

The nitrogen of the atmosphere is a mere diluent of the oxygen.
It takes no part in any of the work performed by the latter. Nay,
it stands in the way of the latter, and by its physical presence hin-

ders its activities. This is, indeed, its intended office and function.

Did oxygen compose the entire atmosphere, bodies coming in contact

with it at points five times more numerous than they now do, would
waste away too rapidly under its action. By the interposition of the

nitrogen its activities are kept within the j)roper limits, while at the

same time the atmosphere has the weight and density necessary for

its mechanical functions.

Those oxydizing processes so universally in progress would soon
cease from the exhaustion of subjects, were there no provisions in na-

ture for their continued supply. Such provisions, however, are found
in the vegetable organism. In the leaves of plants while under the

influence of the sun's rays, water and carbonic acid, the sulphates

and the phosphates, undergo re-solution. The greater part of the
oxygen is thrown off, while the hydrogen, carbon, sulphur, and phos-
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pliorus are wrought into tlie tegetable tissues. The vast bodies of

bituminous and anthracite coal occurring in different parts of the

earth, were once floating in the atmosphere in the form of carbonic

acid and water, and it is only by passing through the organisms of

plants that they have been brought to their present state. The food

of animals has all been, in like manner, deoxydized. Indeed the

leaf of the plant may be regarded as an apparatus specially designed

for the application of the solar beam to the reduction of carbon, hy-

drogen, sulphur, &c., from the state of oxides. It is only the rays

of the sun that can effect this, and the rays of the sun are capable of

effecting it only in the leaf of the plant. Hence the interposition of

the vegetable between the mineral and the animal kingdoms. Even

where'man would effect the reduction of any of the metals from their

ores, he is obliged to resort to some substance which has been deoxy-

dized by the solar beam in the leaf of the plant.

All deoxydized bodies, therefore, whatever their immediate origin,,

are representations of sun power. Sun power has actually been ex-

erted, either directly or indirectly, in their production. And when

they revert to the state of oxides, there is an evolution of force equal

in amount to that which was expended in their isolation .
Hence the

real source of steam-power, of electro-magnetic power, and of animal

motive power. All of those in the last analysis resolve themselves

into sun power, directed through the mechanism of the vegetable cell

to the re-solution of oxides.

We have thus far contemplated oxygen as a dissolving agent. We
have seen that it literally goes about seeking what it may destroy.

Although respecting the living, and passing by them unharm.ed, it

everywhere attacks the organic forms from which life has departed

and quickly resolves them into the elements from which they were

formed.
But oxygen is not simply a destroying agent. It takes to pieces

the bodies of the dead only' that it may find materials for repairing

and building up those of the living. The hydrogen and the carbon

which it gathers from the decaying wood or the mouldering dust,_it

conveys into the leaf of the growing plant. Having there deposited its

burden, it issues again and recommences its wanderings in search of

& new one to have a like destination. Could we see oxygen, could we

make it visible not only to the mind's eye, but to the eye of sense, as

it speeds on its beneficent mission, we might then observe two little

winged atoms floating along upon the buoyant air, until at length

lighting upon some decaying matter, they lay hold of an atom of car-

bon, and taking it up as the two shining ones on the farther side of the

river took up Bunyan's pilgrim, bear it away, not to the golden city,

but up among the green leaves and beautiful flowers, there to minis-

ter to and have part in their verdure and beauty. In observing this,

we should recognise oxygen in its most characteristic and habitual

office of carrier between the dead and the living. Indeed, at every

point of that great cycle through which life and death move hand in

hand, the activity of this element is most conspicuous. While by an

irreversible law, inscrutable as it is irreversible, life in our world
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everywhere terminates in death ; through the appointed instrumental-
ity of this agent, new life as constantly springs from its ashes.

Oxygen, therefore, performs the office of restorer as well as de-

stroyer. It is the Vishnu as well as Siva of the Hindoo triad, and, in

nature, its action in hoth capacities is a beneficent one.

On the products of man's labor, however, its agency is less kindly.
These, so far as tliey consist of materials capable of entering into union
with it, gradually waste away under its influence, like the dead forms
of plants and animals. Iron, subserving so many and so important
uses, entering so largely not only into the construction of the tools

and implements of the mechanic arts, but into the products of these
arts—iron, exposed to the combined influence of air and water, quickly
begins to corrode, and, in spite of its strong bands of cohesion, soon
crumbles into dust. Implements and structures of brass are scarcely
more enduring. Wood, and everything formed of it or reared from
it, yield to the same law of decay. " Dust thou art, and unto dust
thou shalt return," is written not only of man himself, but of all,

even the most enduring of his works. Even in that strange land
where the finger of time touches with such marvellous lightness, the
most strenuous and persevering eflbrts to resist this law of decay have
proved unavailing. The pyramid and the obelisk crumble, while
"Miriam cures wounds and Pharaoh is sold for balsam." Man's
only hope of immortality must come from his higher, his spiritual

nature
; that acknowledges not corruption as its father ; that is un-

changing, exempt from all touch of decay, immortal, eternal, like the
Great Being in whose image it was formed. But it is a law of all

material, all earthy, all sublunary things, to change, moulder, decay,
pass away

; and the great principle, or agent, or instrument of this

decay, this dissolution, is oxygen, whose office and ministry in nature
ire have this evening been contemplating.
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The class of bodies wliich form the subject of this lecture are those

solid masses which, from time* to time, are seen to fall from the heavens

to the earth, and bear the name of meteorites^ meteoric stones, or

aeriolites, the former not being as appropriate a name as the two last.

They are divided into two great classes, stony and metallic, which in

their turn may be subdivided. The fall of the former is much more

frequent than that of the latter, amounting to ninety-six per cent, of

those discovered.

The masses before you are beautiful specimens of the metallic variety.

One of them was found near Tazewell, Claiborne county, Tennessee
;

the second, in Campbell county of the same State ; and the third, in

Coahuila, Mexico. The following is their history and description :

1. The meteorIc ironfrom Tazewell, Tennessee (Fig. 1).—This mete-

orite was not observed to fall, but was found in August, 1853, it doubt-

less having fallen at a period very much earlier than that of its dis-

covery. The weight of this meteorite was fifty-five pounds. It is of a

flattened shape, with numerous conchoidal indentations, and three

annular openings passing through the thickness of the mass near the

outer edge. Two or three places on the surface are flattened, as ifother

portions were attached at one time, but had been rusted ofi" by a pro-
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cess of oxydation that lias made several fissures in tlie mass, so as to

allow portions to be detached by the hammer, although when the

metal is sound the smallest fragment could not be thus separated, it

being both hard and tough. Its dimensions are such that it will just

lie in a box 13 inches long, 11 inches broad, and 5^ inches deep.

The exterior is covered with oxyd of iron, in some places so thin as

hardly to conceal the metal, in other places a quarter of an inch deep.

Its hardness is so great that it is almost impossible to detach portions

by means of a saw. Its color is white, owing to the large amount of

nickel present ; and a polished surface when acted on by hot nitric acid

displays in a most beautifully regular manner the Widmannstiittian

figures. The specific gravity of three fragments selected for their

compactness and purity, was from 7.88 to 7.91.

The following minerals have been found to constitute this meteorite :

1st. Nickeliferoics iron, foTrniug nearly 'the entire mass. 2d. Proto-

sulpJmret of iron, found in no inconsiderable quantity on several parts

of the exterior of the mass. 3d. Schreibersite, found more or less

mixed with the pyrites and in the crevices of the iron, in pieces from
the thickness of the blade of a penknife to that of the minutest par-

ticles. 4th. Olivine ; two or three very small pieces of this mineral

have been found in the interior of the iron. 5th. Protochlorid of

iron : this mineral has been found in this meteorite in the solid state,

which I believe is the first observation of this fact ; it was found in a

crevice that had been opened by a sledge hammer, and i^ii the same
crevice Schreibersite was found. Chloride of iron is also found deli-

quescing on the surface ; some portions of which, however, are entirely

free from it, while others again are covered with an abundance of rust

arising from its decomposition.

Besides the. above minerals, two others were found—one a silicious

mineral, the other in minute rounded black particles ; both, however,

were in too small quantity for anything like a correct idea to be formed

of their composition.

The analyses of the metallic portion furnished in two specimens

were as follows

:

No. 1. No. 2.

Iron ; 82.39 83.02

Nickel 15.02 14.62

Cobalt .43 50

Copper 09 06

Phosphorus 16 19

Chlorine 02

Sulphur 08
Silica 46 84

Magnesia 24

98.55 99.57

Tin and arsenic were looked for, but neither of those substances

were detected.

The composition of the nickeliferous iron corresponds to five atoms
of iron and one of nickel.
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Iron 5 atoms 82.59

Nickel... 1 atom 17.41=100.00

Schreibersife is found disseminated in small particles througli the

mass of the iron, and is made evident by the action of hydrochloric

acid ; it is also detected in tlakes of little size, inserted as it were into

the iron ; and owing to the fact that in many parts where it occurs^

chloride of iron also exists ; this last has caused the iron to rust in

crevices, and on opening these, Schreibersite was detached mechani-

cally. This mineral as it exists in the meteorite in question, so closely

resembles magnetic pyrites that it can be readily mistaken for this

latter substance, and I feel confident in asserting that a great deal of

the so-called magnetic pyrites associated with various masses of mete-

oric iron, will, upon examination, be found not to contain a trace of

sulphur, and will, on the contrary, prove to be Schreibersite that can

be easily recognised by its characters.

Its color is yellow or yellowish white, sometimes with a greenish

tinge; lustre metallic; hardness 6 ; specific gravity 7.017. No regu-

lar crystalline form w\as detected ; its fracture in one direction is con-

choidal. It is attracted very readily by the magnet, even more so

than magnetic oxyd of iron ; it acquires polarity and retains it. I

have a piece yV of an inch long, j-^ of an inch broad, and ^V of an
inch thick, which has retained its polarity over six months ; unfortu-

nately the polarity was not tested immediately when it was detached

from the iron, and not until it had come in contact with a magnet, so

that it cannot be pronounced as originally polar.

Three specimens of the Schreibersite were examined, and gave re-

sults as follows

:

1. 2. 3.

Iron 57.22 56.04 56.53

Nickel 25.82 26.43 28.02

Cobalt 0.32 0.41 0.28

Copper trace not estimated.

Phosphorus 13.92 14.86

Silica 1.62

Alumina 1.63

Zinc t7^ace not estimated.

Chlorine 0.13

100.66 99.69

The formula of Schreibersite, I consider to be Ni2FejP.
Per cent.

Phosphorus 1 atom 15.47

Nickel 2
" 29.17

Iron 4 '^ 55.36

This mineral, although not usually much dwelt upon when speak-

ing of meteorites, is decidedly the most interesting one associated with

this class of bodies, even more so than the nickeliferous iron. In

breaking open one of the fissures of this Tazewell meteorite, a small

amount of a green substance was obtained that was easily soluble in
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water, and although not analyzed quantitatively, it left no doubt

upon my mind as to its being protochlorid of iron ; and the manner
of its occurrence gave strong evidence of its being an original consti-

tuent, and not formed since the fall of the mass. Chloride of iron

was apparent on various parts of the iron, by its deliquescence on the

surface.

2. The meteoric ironfrom Campbell county, Tennessee.—This meteor-

ite was discovered in July, 1853, in Campbell county, in Stinking

creek, which flows down one of the narrow valleys of the Cumberland
mountains, by a Mr. Arnold, and was presented to me by Professor

Mitchell, of Knoxville. It is of an oval form, 2|- inches long. If
broad, and f thick, with an irregular surface and several cavities per-

forating the mass. It was covered with a thin coat of oxyd; and on

one-half of it chloride of iron was deliquescing from the surface, while

on another portion there was a thin silicious coating. The iron was

quite tough, highly crystalline, and exhibited small cavities on being

broken, resembling very much in this respect, as well as in many other

points, the Hommony creek iron ; a polished surface when etched, ex-

hibited distinct irregular Widmannstiittian figures. The weight is 4-^

ounces. Specific gravity, Y.05. The lowness of the specific gravity is

accounted for by its porous nature. The composition is as follows :

Iron 97.54

Nickel 0.25

Cobalt 0.6

Copper, too small to be estimated.

Carbon ,. 1.50

Phosphorus 0.12

Silica 1.05

100.52

Chlorine exists in some parts in minute proportion. The amount
of nickel, it will be seen, is quite small, but its composition is, never-

theless, perfectly characteristic of its origin.

3. The metSoric ironfrom Coahuila, Mexico (Fig. 2.)—This meteor-

ite, now in the collection of the Smithsonian Institution, was brought

to this country by Lieutenant Couch, of the United States army, he

having obtained it at Saltillo. It was said to have come from the San-
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clia estate, some fifty or sixty miles from Santa Rosa, in the north of

Coahuila ; various accounts were given of the precise locality, hut none

seemed very satisfactory. When first seen hy Lieutenant Couch, it

was used as an anvil, and had been originally intended for the Society

of Geography and Statistics in the city of Mexico. It is said, that

where this mass was found there are many others of enormous size

;

but such stories, however, are to be received with many allowances.

Mr. Weidner, of the mines of Freiberg, states, that near the south-

western edge of the Balson de Mapimi, on the route to the mines of

Parral, there is a meteorite near the road of not less than a ton weight.

Lieutenant Couch also states, that the intelligent, but almost unknown,

Dr. Berlandier writes, in his journal of the Commission of Limits, that

at the Hacienda of Venagas, there was (1827) a piece of iron that

would make a cylinder one yard in length, with a diameter of ten

inches. It was said to have been brought from the mountains near

the Hacienda. It presented no crystalline structure, and was quite

ductile.

The meteorite now before you (see Fig. 2) weighs 252 pounds, and

from several flattened places I am led to suppose that pieces have

been detached. The surface, although irregular in some places, is

rather smooth, with only here and there thin coatings of rust, and, as

might be expected, but very feeble evidence of chlorine, and that only

on one or two spots. The specific gravity is 7.81. It is highly crys-

talline, quite malleable, and not difficult to cut with the saw. Its

surface etched with nitric acid, presents the Widmannstiittian figures,

finely specked between the lines, resembling the representation we
have of the etched surface of Hauptmannsdorf iron. Schreibersite is

visible, but so inserted in the mass, that it cannot be readily detected

by mechanical means. Hydrochloric acid leaves a residue of beauti-

fully brilliant patches of this mineral.

Subjected to analysis, it was found to contain

Iron 95.82

Cobalt 0.35

Nickel 3.18

Copper, minute quantity, not estimated.

Phosphorus 0-24

99.59

Which corresponds to

Nickeliferous iron ' 98.45

Schreibersite 1-55

100.00

The iron is remarkably free from other constituents.

The specimen is especially interesting as the largest mass of mete-

oric iron in this country next to the Texas meteorite at Yale College.

The three meteorites just described form an interesting addition to

those already known, a very complete list of which has been lately
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made by Mr. E. P. Greg, jr., to wliicli I would refer all tliose specially-

interested in this subject. It is to be found in the Lond. Phil. Mag.
for 1854.

A fact of much interest is that the number of meteorites already

discovered in the United States is quite large, and, contrary to the

general rule, the iron masses are the most numerous. The following

table, by Mr. Greg, jr., shows at a glance the number of meteorites

already found in different countries, the proportions of the stones and
irons, and the average latitude of their localities,

Countries.



THE SMITHSONIAN INSTITUTION. 157

sphere, whicli tliey do at a very great velocity ;
heat is developed in

them by their friction against the air; the iron they contain is .sub-

ject to combustion, which is augmented by the condensed condition

of the atmosphere before the object wliile in rapid motion. All this

suffices for the production of the light exhibited. Light does not

always accompany the fall of these bodies—a fact which, it is reason-

able to suppose, belongs especially to the masses of iron, which, from

the compact nature of their structure, and their great conductibility,

cannot become so readily heated on the surface as to reach the point of

incandescence. The noise is produced by their rapid motion through

the air, and their bursting by the combined effects of irregular expan-

sion by heat, and certrifugal force produced by irregular resistance of

the atmosphere ; the latter being alone sufficient to bring about such

a result, as is shown by the shooting of stone balls from a cannon.

The velocity of these bodies will be discussed in another part of this

lecture.

The lessons to be learned from meteorites, both stony and metallic,

are probably not as much appreciated as they ought to be ;
we are

usually satisfied with an analysis of them and surmises as_ to their

origin', without due consideration of their physical and chemical char-

acteristics.

The great end of science is to deduce general principles from parti-

cular facts. Thus terrestrial gravitation has been extended to the

whole solar system, and, indeed, to the whole visible universe. The

astronomer, however, has only proved the universality of this one law,

and has found no evidence that any other force observed at the surface

of the earth displays itself in any other sphere. However probable it

may appear that the same laws affect terrestrial and celestial matter,

it is none the less interesting to extend our proofs of this assumption,

and meteorites, when looked upon in this light, acquire additional in-

terest.

First. They lead us to the inference that the materials of the earth

are exact representatives of those of our system, for up to the present

time no element has been found in a meteorite that has not its coun-

terpart on the earth ; or if we are not warranted in making such a

broad assumption, we certainly have the proof, as far as we may ever

expect to get it, that some materials of other portions of the universe

are identical with those of our earth.

Second. They show that the laws of crystallization in bodies foreign

to the earth are the same as those affecting terrestrial matter, and in

this connexion we may instance pyroxene, olivine and chrome iron,

affording, in their chrystalline form, angles identical with those of

terrestrial origin.

Third. The most interesting fact developed by meteorites is the

universality of the laws of chemical affinity, or the truth, that

the laws of chemical combination and atomic constitution are to be

equally well seen in extra-terrestrial and terrestrial matter
;
so that

were Dalton or Berzelius to seek for the atomic weights of iron,

silica or magnesia, they might learn them as well from meteoric

minerals as from those taken from the bowels of the earth. The
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atomic constitution of meteoric anortliite, or of pyroxene, is the same
as of tliat which exists in our own rocks.

An important peculitirity of the stony meteorites is, that their

outer surface is covered with a coating strongly resembling pitch
;

this is a species of glass formed from the heated condition to which
the meteorite arrives in its passage through the air, the heat acquired
being sufficient to fuse the outer surface. The black color is due to

the protoxide of iron combining with the silica. In most instances

the protoxide is formed from the oxydation of the particles of metallic
iron in the mass.

Keei)ing in view then the physical and chemical characters of mete-
orites, I propose to offer some theoretical considerations which, to be
fully appreciated, must be followed step by step. These views are
not offered because they individually possess particular novelty; it is the
manner in which they are combined to which especial attention is called.

The first phjsical characteristic to be noted is their form. No
masses of rock^ however rudely detached from a quarry, or blasted
from the side of a mountain, or ejected from the mouth of a volcano,
would present more diversity of form than meteoric stones ; they are
rounded, cubical, oblong, jagged, and flattened. Now, the fact of
form I conceive to be a most important point for consideration in re-

gard to the origin of these bodies, as this alone is strong proof that
the individual meteorites have not always been cosmical bodies ; for

had this been the case, their form must have been spherical or sphe-
roidal. As this is not so, it is reasonable to suppose that at one time
or another they must have constituted a part of some larger mass.
But, as this subject will be taken up again, I pass to another point

—

namely, the crystalline structure ; more especially that of the iron,

and the complete separation in nodules, in the interior of the iron, of
sulphuret and phosphuret of the metals constituting the mass. When
this is properly examined, it is seen that these bodies must have been
in a plastic state for a great length of time, for nothing else could
have determined such crystallization as we see in the iron, and allow
such perfect separation of sulphur and phosphorus from the great bulk
of the metal, combining only with a limited portion to form particu-
lar minerals. No other agent than fire can be conceived of by which
this metal could be kept in the condition requisite for the separatiori.

If these facts be admitted, the natural inference is that they could
only have been thus heated while a part of some large body.

Another physical fact worthy of being noticed liere, is the manner
in which the metallic iron and stony parts are often interlaced and
mixed, as in the Pallas and Atacama specimens, where nickeliferous

iron and olivine in nearly equal portions (by bulk) are intimately
mixed, so that when the olivine is detached, the iron resembles a very
coarse sponge. This is an additional fact in proof of the great heat
to which the meteorites must have been submitted ; for, with our
present knowledge of physical laws^ there is no other way in which,
we can conceive that such a mixture could liave been produced. Other
physical points might be noticed ; but as they would add nothing to

the theoretical considerations, they will be passed over.

The mineralogical and chemical points to he noted in meteorites are
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as follows : The rocks or minerals of these bodies are not of a sedi-

mentary character, nor such as are produced by the action of Avater.

This is obvious to any one who will examine them. A mineralogist

will also be struck with the thin dark-colored coating on the surface

of the stony meteorites ; but this is in most, if not in all instances,

the product of our atmosphere, and need not be further noticed
.^

A
more interesting peculiarity is that metallic iron, alloyed with nickel

and cobalt, is of constant occurrence in meteorites, with but three or four

exceptions—in some instances constituting the entire mass, at other

times disseminated in fine particles through stony matter. The ex-

istence of this highly oxydizable mineral in its metallic conditionis

a positive indication of a scarcity, or total absence, of oxygen (in its

gaseous state, or in the form of water) in the locality from whence the

bmly came.
Anotlier mineralogical character of significance is, that the stony

portions of the meteorites resemble the older igneous rocks, and par-

ticulai-ly the volcanic rocks belonging to various actije and extinct

volcanoes. It is useless to dwell on this fact ; the inference to be

drawn from it is very evident. It is highly significative of the igne-

ous origin of these bodies, and of an igneous action in other portions

of space similar to that now- existing in our volcanoes.

Ever since the labors of Howard in 1802, the chemical constitution of

meteorites has attracted much attention, more especially the elements

associated in the metallic portion ; and although we find no new ele-

ments, still their association, so far as yet known, is peculiar to this

class of bodies. Thus nickel is a constant associate of iron in meteor-

ites, (if we except the Walker county, Alabama, and Oswego, New
York, meteorites, upon whose claims to meteoric origin there yet re-

mains some floubt ;) and although cobalt and copper are mentioped

only as occasional associates, in my examination of nearly thirty

known specimens (in more than one-half of which these constituents

were not mentioned) I have found both of the last-mentioned metals

as constantly as the nickel. With our more recent method of sepa-

rating cobalt from nickel, very accurate and precis-e results can be

obtained relative to the former. The copper exists always in such

minute proportion, that the most careful manipulation is required to

separate it.

Another element frequently, but not always, occurring in associa-

tion with the iron is phosphorus. Here again an examination of thirty

specimens of this substance leads me to a similar generalization, namely,

that no meteoric iron is to be expected without it ; my examination

has extended as well to the metallic particles separated from the stony

meteorites as to the meteoric irons proper. It may be even further

stated, that, in most instances, the phosphorus was traceable directly

to the mineral Schreibersite.

These four elements, then, (iron, nickel, cobalt, and phosphorus,)

I consider remarkably constant ingredients : first, in the meteoric

irons proper ; and secondly, in the metallic particles of the stony me-

teorites ; there ^eing only some three or four meteorites, among hun-

dreds that are kaown, in which they are not recognised.

As regards the c6mbinatioa of these elements, it is worthy of re-
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mark that no one of them is associated with oxygen, although all of

them have a strong affinity for this element, and are never found (except

copper) in the earth uncomhined with it, except where some similar

element (as sulphur, &c.) supplies its place.

The inference of the absence of oxygen in a gaseous condition, or in

water, is drawn from such substances as iron and nickel being in their

metallic state, as has been just mentioned ; but it must not be inferred

that oxygen is absent in all forms at the place of origin of the meteor-

ites, for the silica, magnesia, protoxyd of iron, &c., contain this

element. The occurrence of one class of oxyds and not of another

would indicate a limited supply of the element oxygen, the more oxyd-

izable elements, as silicon, magnesium, &c., having appropriated it in

preference to the iron.

Many other elements worthy of notice might be mentioned here,

and some of them, for aught we know, may be constant ingredients
;

but in the absence of strong presumption, at least, on this head, they

will be passed over, as those already mentioned suffice for the support

of the theoretical views to be advanced.

I cannot, however, avoid calling attention to the presence of carbon

in certain meteorites ; for although its existence is denied by some

chemists, it is nevertheless a fact that can be as easily established as

the presence of the nickel. The interest' to be attached to it is due to

the fact that it is so commonly regarded in the light of an organic

element. It serves to strengthen the notion that carbon can be of

pure mineral origin, for no one would be likely to suppose that the

carbon found its way into a meteorite, either directly or indirectly,

from an organic source.

Having thus noted the predominant physical, mineralogical, and

chemical characteristics of meteorites, I i)ass on to the next head.

Harked points of similarity in the constitution of meteoric stones.—
Had this class of bodies not possessed certain properties distinguishing

them from terrestrial minerals, much doubt would even now be enter-

tained of their celestial origin, even in those cases where the bodies

were seen to fall. But chemistry has entirely dissipated all doubts

on this point, and now an examination in the laboratory is entitled

to more credit than evidence from any other source in pronouncing on

the meteoric origin of a body. When the mineralogical and chemical

compositions of these bodies are regarded, the most ordinary observer

will be struck with the wonderful family likeness presented by them

all.

There are three great divisions of meteoric bodies, namely: metallic

;

stony, with small particles of metal ; and a mixture of metallic and

stony in which the former predominates, as in the Pallas and Atacama
meteorites. The external appearances of these three classes differ in

a very marked manner ; the meteoric iron being ordinarily of a com-

pact structure, more or less corroded externally, and, when cut, show-

ing a dense structure with most of the peculiarities of pure iron, only

a little harder and whiter. The stony meteorites are usually of a grey

or greenish grey color, granular structure, readily broken by a blow

of the hammer, and exteriorly are covered with a thin coating of fused

material. The mixed meteorite presents characters of both of the
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ibove ; a large portion of it consists of the kind of iron already men-

tioned, cellular in its character, and the spaces filled up with stony-

materials, similar in appearance to those constituting the second class.

Although there are some instances of bodies of undoubted meteoric

origin not properly falling under either of the above heads, still they

will be seen, upon close investigation, not to interfere in anyway
with the general conclusions that are attempted to be arrived at ; for

these constituents, are represented in the stony materials of the second

class, from which their only essential difference consists in the ab-

sence of metallic particles.

If we now examine chemically the three classes mentioned, we find

them all possessed of certain common characteristics that link them
together, and at the same time separate them from everything terres-

trial. Take first the metallic masses ; and in very many instances, in

some fissure or cavity, exposed by sawing or otherwise, stony mate-

rials will frequently be found, and a stony crystal is sometimes ex-

posed : now examine the composition of these, and then compare the

results with what may be knovfn of the stony meteorites, and in every

instance it will agree with some mineral or minerals found in this

latter class, as olivine or pyroxene, most commonly the former
;
but

in no instance is it a mineral not found in the stony meteorites. If

these last, in their turn, be examined, differing vastly in their ap-

pearance from the metallic meteorites, they will, with but two or

three exceptions, be found to contain a malleable metal identical in

composition with the metal constituting the metallic meteorites.

As to the mixed meteorites in which the metallic and stony por-

tions seem to be equally distributed, their two elements are but rep-

resentatives of the two classes just described. Examined in this way,

there will be no difficulty in tracing their connexion.

There is one mineral v^^hich there is every reason to believe con-

stantly accompanies the metallic portions, and which may be regarded

as a most peculiar mark of difference between meteorites and terres-

trial bodies. It is the mineral Schreibersite, (mentioned in the first

part of this lecture,) to which the constant presence of phosphorus in

meteoric iron is due. This mineral, as already remarked, has no
parallel on the face of the globe, whether we consider its specific or

generic character ; there being no such thing as phosphuret of iron

and nickel, or any other phosphuret, found among minerals. These
facts render the consideration of Schreibersite one of much interest,

running, as it probably does, through all meteorites, and forming

another point of difference between meteorites and terrestrial objects.

Another striking similarity in the composition of meteorites is the

limited action of oxygen on them. In the case of the purely metallic

meteorites we trace an almost total absence of this element. In the

stony m^eteorites the oxygen is in combination with silicon, magne-
sium, &G., forming silica, magnesia, &c., that combine with small

portions of other substances to form the predominant earthy minerals

of meteorites ; and when iron is found in combination with oxygen,

.
it occurs in its lowest state of oxydation, as in the protoxyd of the

olivine and chrome iron, and as magnetic oxyd.

Without coing further into detail as regards tbe similarity of com-
11
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position of meteorites, they will be seen to liave as strongly marked
points of resemblance as minerals coming from the same mountain,

I might almost say from the same mine ; and it is not asking much to

admit their having a common centre of origin, and that whatever may
be the body from which they originate, it must contain no uncom-
bined oxygen, and, I might even add, none in the form of water.

I shall now speak of the origin of meteoric stones. In taking up the

theoretical considerations of the subject of the lecture, it is of the ut-

most consequence not to consider shooting stars and meteoric stones

as all belonging to the same class of bodies—a view entertained by
many distinguished observers. It is doubtless less owing to the fact of

their having been confounded, that there exists such a difference of

opinion as to the origin of these bodies.

It may be considered a broad assumption that there is not a single

evidence of the identity of shooting stars and the meteors which give

rise to meteoric stones ; but this conclusion is one arrived at by as

full an examination of the subject as I am capable of making.* Some
of the prominent reasons for such a conclusion will be mentioned.

Were shooting stars and meteoric stones the same class of bodies,

we might expect that the fall of the latter would be most abundant
when the former are most numerous. In other words, the periodic

occurrences of shooting stars in August and November, and more par-

ticularly the immense meteoric showers that are sometimes seen,

ought to be attended with the fall of meteoric stones ; whereas there is

not a single occurrence of tliis kind on record. Again : in all in-

stances where a meteoric body has been seen to fall, and has been

observed even from its very commencement, it has been alone, and not

accompanied by other meteors.

Another objection to the identity of these bodies is the difference in

velocity. That of the shooting stars can readily be determined by
the simultaneous observations of two observers ; and it has been found

that their average rate of motion is about 16| miles a second, while,

in order that they should revolve around the earth through the atmo-
sphere, their velocity must be less than six miles a second. f Now, we
know that the meteors do enter our atmosphere, and probably often

pass through it without falling to the eartli ; but as the most correct

observations have never given a velocity of less than nine miles a
second to a shooting star, it is reasonable to suppose that none have
ever entered our atmosphere, or, what is perhaps still more probable,

* Prof. D. Olmsted, in a most interesting article on the subject of meteors, to be fonnd
in the 2Gtli volume of the Am. Journal of Science, p. 132, insists upon the difference be-

tween shooting stars and meteorites, and the time and attention he has devoted to the

phenomena of meteors give weight to his opinion.

\ Under this head, 1 will merely note what is considered one of the best established

cases of the determinatioir of velocity of a meteoric stone, namely, that of the Weston
meteorite, the velocity of which Ur. Bowditch estimated to " ej:cecd tlirec miles a second."

Mr. Herrick considers the velocity somewhat greater, and writes, among other things,

what follows :
•' 'J'he length of its path, from the observations made at Rutland, Vermont,

and at Weston, was at least 107 miles. This space being divided by the duration of the

fliglit, as estimated by two observers, viz., 30 seconds, we have for the meteor's relative

velocity about three and a half mil^is a second. The observations made at Wenham, Massa-

chusetts, are probably less exact in this respect, and need not be mentioned here.
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tliat the matter of wliich tliey are composed is as subtle as that

of Encke's comet, and any contact with even the uppermost limit

of the atmosphere destroys their velocity and disperses the matter

of which they are composed.

Other grounds might be mentioned for supposing a difference be-

tween shooting stars and meteoric stones, and 1 have dwelt on it thus

much because it is conceived of prime importance in pursuing the

correct path that is to lead to the discovery of their origin.

Various theories have been devised to account for the origin of the

meteorites. One is that they are small planetary bodies revolving

around tlie sun, and at times become entangled in our atmosphere,

lose their orbital velocity by the resistance of the air, and fall finally

to the earth ; another supposes them to have been ejected from vol-

canoes of the moon ; and lastly, they are considered as formed from

particles floating in the atmosphere. The exact nature of this last

theory is given by Professor C. U. Shepard, in an interesting re-

port on meteorites published in 1848. He* says: " The extra-terres-

trial origin of meteoric stones and iron masses seems likely to be more
and more called in question with the advance of knowledge respecting

such substances, and as additions continue to be made to the connected

sciences. Great electrical excitation is known to accompany volcanic

eruptions, which may reasonably be supposed to occasion some chemi-

cal changes in the volcanic ashes ejected ; these being wafted by the

ascensional force of the eruption into the regions of the magneto-polar

influence, may there undergo a species of magnetic analysis. The
most highly magnetic elements, (iron, nickel, cobalt, chromium, &c.,)

or compounds in which these predominate, would thereby be separated

and become suspended in the form of metallic dust, forming those

columnar clouds so often illuminated in auroral displays, and whose
position conforms to the direction of the dipping needle. While cer-

tain of the diamagnetic elements, (or combinations of them,) on the

otlier hand, may. under the control of the same force, be collected

into diflerent masses, taking up a position at right angles to the

former, (which Faraday has shown to be the fact in respect to such

bodies,) and thus produce those more or less regular arches, transverse

to the magnetic meridian, that are often recognised in the phenomena
of the aurora borealis.

" Any great disturbance of the forces maintaining these clouds of

meteor-dust, like that produced by a magnetic storm, might lead to

the precipitation of portions of the matter thus suspended. If the

disturbance was confined to the magnetic dust, iron masses would fall

;

if to the diamagnetic dust, a non-terruginous stone ; if it should ex-

tend to both classes simultaneously, a blending of the two characters

would ensue in the precipitate, and a rain of ordinary meteoric stones

would take place,

"Tlie occasional raining of meteorites might, therefore, on such a

* I must, in justice to Professor Shepard, say that since this lecture was delivered he

has informed me that he no longer entertains these views ; and I would now omit the

criticism of them did they not exist in liis memoir imcontradicted, and also were they

not views still entertained by some.
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theory, be as miicli expected as the ordinary deposition of moisture

from the atmosphere. The former wouhi originate in a mechanical

elevation of volcanic ashes and in matter swept into the air by torna-

does ; the latter from simple evaporation. In the one case, the matter

is upheld by magneto-electric force ; in the other, by the law of diffu-

sion, which regulates the blending of vapors and gases, and by tem-

perature. A precipitation of metallic and earthy matter would hap-

pen on any reduction of the magnetic tension ; one of rain, hail, or

snow, on a fall of temperature. The materials of both originate in

our earth. In the one instance they are elevated but to a short dis-

tance from its surface, while in the other they appear to penetrate

beyond its farthest limits, and possibly to enter the inter-planetary

space ; in both cases, however, they are destined, through the opera-

tion of invariable laws, to return to their original repository."

This theory, or rather hypothesis, coming as it does from one who
is justly entitled to high consideration, from the fact of the special

attention he has given to the subject of meteorites, may mislead, and

for this reason the objections Avhich may be advanced against it ought

to be stated. First, it must be proved that terrestrial volcanoes con-

tain all the varieties of matter found in the composition of meteoric

bodies. It is true that many of the substances are ejected from vol-

canoes, as olivine, &c., but then the principal one, nickeliferous iron,

has never in a single instance been found in the lava or other matter

coming from volcanoes, although frequently sought for.

But the physical obstacles are a still more insuperable difSciilty in

the way of adopting this theory. In the first place it is considered a

physical impossibility for tornadoes or other currents of air to waft

matter, however impalpable, " beyond the farthest limits of the earth,

and, possibly, into interj^lanetary space." Again, if magnetic and

diamagnetic forces cause the particles to coalesce and form solid

masses, by the cessation of those forces the bodies would crumble into

powder.
We pass on to a concise statement of some ofthe chemical objections

to this theory of atmospheric origin, and, if possible, they are more

insuperable than the last mentioned. Contemplate for a moment the

first meteorite described in this lecture—a mass of iron of about sixty

pounds of a most solid structure, highly crystalline, composed of nickel

and iron chemically united, containing in its centre a crystalline phos-

phuret of iron and nickel, and on its exterior surface a compound of

sulphur and iron, also in atomic proportions—and can the mind be

satisfied in supposing that the dust wafted from the crater of a volcano

into the higher regions of the atmosphere could, in a few moments of

time, be brought together by any known forces so as to create the body

in question ? However finely divided this volcanic dust might be,_it

can never be subdivided into atoms, a state of things that must exist

to form bodies in atomic proportions, where no agency is present to

dissolve or fuse the particles. One other objection and I have done

-with this hypothesis. The particles of iron and nickel supposed to be

ejected from the volcano must pass from the heated mouth of a crater,

ascend through the oxygen of the atmosphere without undergoing the

slightest oxydation ; for if there be any one thing which marks the



THE SMITHSONIAN INSTITUTION. 165

meteorites more strongly than any other, it is the freedom of the masses

of iron from oxydation except on tlie surface. But a still more re-

markable abstinence from oxydation would be the ascent of the parti-

cles of phosphorus to form the Schreibersite traceable in so many me-

teorites.

Having noticed the prominent objections to this hypothesis, I pass

on to consider, in as few words as possible, the other two suppositions.

The most generally adopted theory of the origin of meteoric bodies

is that they are small planetary bodies revolving around the sun, one

portion of their orbit approaching or crossing that of the earth
;
and

from the various disturbing causes to which these small bodies must

necessarily be subjected, their orbits are constantly undergoing more

or less variation, until intersected by our atmosphere, when they meet

with resistance and fall to the earth's surface in whole or in part
;

this may not occur in their first encounter of the atmosphere, but re-

peated obstructions in this medium at different times must ultimately

bring about the result. In this theory their origin is supposed to be

the same as that of other planetary bodies, and they are regarded as

always having had an individual cosmical existence. Now, however

reasonable the admission of this orbital motion immediately before and

for some time previous to their contact with the earth, the assumption

of their original cosmical origin would appear to have no support in

the many cTiaracteristics of meteoric bodies as enumerated before. The
form alone of these bodies is anything but what ought to be expected

from a gradual condensation and consolidation ; all the chemical and

mineralogical characters are opposed to this supposition. If the ad-

vocates of this hypothesis do not insist on the last feature of it, then

it amounts to but little else than a statement that meteoric stones fall

to us from space while having an orbital motion. In order to entitle

this planetary liypothesis to any weight it must be shown how bodies,

formed and constructed as these are, could be other than fragments of

some very much larger mass.

As to the existence of meteoric stones in space travelling in a special

orbit prior to their fall, there can be but little doubt, when we con-

sider their direction and velocity ; their composition proving them to

be of extra-terrestrial origin. This, however, only conducts in part

to their origin, and those who examine them chemically will be con-

vinced that the earth is not the first great mass that metoric stones

have been in contact with, and this conviction is strengthened when
we reflect on the strong marks of community of origin so fully dwelt

upon.
It is, then, with the consideration of what was the connexion of these

bodies prior to their having an independent motion of their own,

that this lecture will be concluded.

It only remains to bring forward the facts already developed to ex-

hibit the plausibility of the hypothesis of the lunar origin of meteoric

stones.

It was originally proposed as early as 1660, by an Italian phi-

losopher, Terzago, and advanced by Olbers in 1*795, without any

knowledge of its having been before suggested ; it was sustained by

Laplace, with all his mathematical skill, from the time of its adoption
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to his deatli ; it was also advocated, on chemical grounds, by Berze-

lius, whom I have no reason to believe ever changed his views in re-

gard to it ; and to these we have to add the following distinguished

mathematicians and philosophers : Biot, Brandes, Poisson, Quetelet,

Arago, and Benzenberg, who have at one time or another advocated

the lunar origin of meteorites.

Some of the above astronomers abandoned the theory—among them

Olbers and Arago; but they did not do so from any supposed defect in

it, but from adopting the assumption that shooting stars and mete-

orites were the same, and on studying the former and applying the

phenomena attendant upon them to meteorites^ the supposed lunar

origin was no longer possible.

On referring to the able researches of Sears C. Walker on the_ peri-

odical meteors of August and November, (Am. Phil. Soc.^,) it will be

found that astronomer makes the following remarks: "In 1836, Ol-

bers, the original proposer of the theory of 1795, being firmly con-

vinced of the correctness of Brandes's estimate of the relative velocity

of meteors, renounces his selenic theory, and adopts the cosmical theo-

ry as the only one which is adeq^uate to explain the established facts

before the public."

For reasons already stated, it appears wrong to assume the identity

of meteorites and shooting stars ; so that whatever difficulty the phe-

nomena of the latter may have interposed as to the hypothesis of the

origin of meteoric stones, it now no longer exists. Had Olbers

viewed the matter in this light, he would doubtless _ have retained

his original convictionS;, to which no material objection appears to

have occurred to him for forty years.

It is not my object to enter upon all the points of plausibility of

this assumed origin, or to meet all the objections which have been

urged against it. The object now is simply to urge such facts as

have been developed ia this lecture, and which appear to give strength

to the hypothesis. They may be summed up under the following

heads

:

1. That all meteoric masses have a community of origin.

2. At one period they formed parts of some large body.

3. They have all been subject to a more or less prolonged igneous

action corresponding to that of terrestrial volcanoes.

4. That their source must be deficient in oxygen.

5. That their average specific gravity is about that of the moon.

From what has been said under the head of common characters of

meteorites, it would appear far more singular that these bodies should

have been formed separately, than that they should have at some time

constituted parts of the same body ; and from the character of their

formation, that body should have been of great dimensions. Let us

suppose all the known meteorites assembled in one mass, and regarded

by the philosopher, mindful of our knowledge of chemical and physi-

cal laws. Would it be considered more rational to view them as the

great representatives of some one body that had been broken into

fragments, or as small specks of some vast body in space that at one

period or another has cast them forth ? The latter it seems to me is
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the only opinion that can be entertained in reviewing the facts of the

case.

As regards the igneous character of the minerals composing meteor-

ites, nothing remains to he added to what has already been said
;
in

iact no mineralogist can dispute the great resemblance of these min-

erals to those of terrestrial volcanoes, they having only sufficient

difference in association to establish that although igneous, they are

extra-terrestrial. The source must also be deficient in oxygen, citlier

in a gaseous condition, or combined, as in water ; the reasons for so

thinking have been clearly stated as dependent ui)on the existence of

metallic iron in meteorites—a metal so oxydizable that in its terrestrial

associations it is almost always found combined with oxygen, and

never in its metallic state.

What, then, is that body which is to claim common parentage of

these celestial messengers ? Are we to look at them as fragments of

some shattered planet whose great representatives are the thirty-three

asteroids between Mars and Jupiter, and that they are "minute out-

riders of the asteroids," (to use the language of K. P._ Greg, jr.,* in

a late communication to the British Association,) which have been

ultimately drawn from their path by the attraction of the earth ? For

more reasons than one this view is not tenable. Many of our most

distinguished astronomers do not regard the asteroids as fragments

of a shattered planet ; and it is hard to believe, if they were, and the

meteorites the smaller fragments, that these latter should resemble

each other so closely in their composition—a circumstance that would

not be realized if our earth was shattered into a million of masses,

large and small.

If, then, we leave the asteroids and look to the other planets, we find

nothing in their constitution, or the circumstances attending them, to

^ead to any rational supposition as to their being the original habita-

tion of the class of bodies in question. This leaves us, then, but the

moon to look to as the parent of meteorites ; and the more I contem-

plate that body the stronger does the conviction grow, that to it all

these bodies originally belonged.

It cannot be doubted, from what we know of the moon, that it is

constituted of such matter as composes meteoric stones ;
and that its

appearances indicate volcanic action, which when compared with sim-

ilar action on the face of the globe, is like ^Etna contrasted with an
ordinary forge, so great is the difference. The results of volcanic

throws and outbursts of lava are seen, for which we seek in vain any-

thing but a faint picture on the surface of our earth. Again, in the

support of the present view it is clearly established that there is neither

atmosphere nor water on the surface of that body, and, consequently,

no oxygen in those conditions which would preclude the existence of

metallic iron.

Another ground in support of this view is based on the specific

gravity of meteorites—a circumstance that has not been insisted on
;

and although of itself possei^ing no great value, yet, in conjunction

with the other facts it has some weight.

* See the able paper of E. P. Greg, jr., in the Loud. Phil. Mag.
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In viewing tlie cosmical bodies of our system with relation to their

densities, they are divided into two great classes—planetary and com-
etary bodies, (these last embracing comets proper and shootiug stars,)

the former being of dense, and the latter of very attenuated matter

;

and so far as our knowledge extends, there is no reason to believe

that the density of any comet approaches that of any of the planets.

This fact gives some grounds for connecting meteorites with the plan-

ets. Among the planets there is also a difference, and a xerj marked
one, in their respective densities ; Saturn having a density of 0.'7'7 to

0.75, water being 1.0 ; Jupiter 2.00-2.25 ;
Mars 3.5-4.1 ; Venus 4.8-

5.4 ; Mercury between 1 and 36 ;
Uranus 0.8-2.9

; that of the Earth
being 5.67.* If, then, from specific gravity we are to connect meteor-

ites to the planets, as their mean density is usually considered about

3.0,t they must come within the planetary range of Mars, Earth, and
Venus. In the cases of the first and last we can trace no connexion^

from our ignorance of their nature and of the causes that could have
detached them.

This reduces us then to our own 'planet, consisting of two parts—the

planet proper with a density of 5.76, and the moon with a density of

about 3. 62. 1 On viewing this, we are at once struck with the relation

that these bear to the density of meteorites, a relation that even the

planets do not bear to each other in their densities.

As before remarked, I lay no great weight on this view of the den-

sity, but call attention to it as agreeing with conclusions arrived at

on other grounds.

The chemical composition is also another strong ground in favor of

the lunar origin. This has been so ably insisted on by Berzelius and
others, that it would be superfluous to attempt to argue the matter

any further here ; but I will simply make a comment on the disregard

that astronomers usually have for this argument. In the memoir on
the periodic meteors by Sears C. Walker, already quoted from, it is

stated, " The chemical objection is not very weighty, for we may as

well suppose a uniformity of constituents in cosmical as in lunar

substances." From this conclusion it is reasonable to dissent, for as

yet we are acquainted w^ith the materials of but two bodies, those of

the earth and those of meteorites, and their very dissimilarity of con-

stitution is the strongest argument of their belonging to different

spheres. In further refutation of this idea it may be asked, is it to

be expected that a mass of matter detached from Jupiter, (a planet

but little heavier than water,) or from Saturn, (one nearly as light as

cork,) or from-Encke's comet, (thinner than air,) would at all accord

with each other or with those of the earth ? It is far more rational to

suppose that every cosmical body, without necessarily possessing ele-

ments different from each other; yet are so constituted that they may

* For these estimates of the densities of the planets, the author is indebted to

Prof. Peh'ce.

•|- AHhough the average specific gravity of the metallic and stony meteorites is greater,

yet the latter exceeding the former in quantity, the number 3.0 is doubtless as nearly

correct as can be ascertained.

J Although the densities of the earth and moon differ, these two bodies may consist

of similar materials, for the numbers given represent the density of bodies as wholes ;

the solid crust of the earth for a mile in depth cannot average a density of 3.0.
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be known by tbeir fragments. With tbis view of the matter, our

specimens of meteorites are but multiplied samples of tlie same body,

and that body, with the light we now have, appears to have been the

moon.
This theory is not usually opposed on the ground that the moon is

not able to supply such bodies as the meteoric iron and stone ; it is

more commonly objected to from the difficulty that there appears to

be in the way of this body's projecting masses of matter bej^ond the

central point of attraction between the eartli and moon. Suffice it to

saj^, that Laplace, with all his mathematical acumen, saw no difficulty

in the way of this taking place, althougli we know that he gave

special attention to it at three different times during a period of

thirty years, and died without discovering any physical difficulty in

the way. Also, for a period of forty years, Olbers was of the same
opinion, and changed his views, as already stated, for reasons [of a

different character. And to these two we add Hutton, Biot, Poisson,

and otliers^ whose names have been already mentioned.

Laplace's view of the matter was connected with present volcanic

action in the moon, but there is every reason to believe that all such

action has long since ceased in the moon. This, however, does not

invalidate this theory in the least, for the force of projection and
modified attraction to which the detached masses were subjected, only

gave them new and independent orbits around the earth, that may
endure for a great length of time before coming in contact with the

earth.

The various astronomers cited concur in the opinion, that a body
projected from the moon with a velocity of about eight thousand feet

per second, would go beyond the mutual point of attraction between
the earth and moon, and already having an orbital velocity, may be-

come a satellite of the earth with a modified orbit.

The important question, then, for consideration, is the force requisite

to produce this velocity. The force exercised in terrestrial volcanoes

varies. According to Dr. Peters, who made observations on ^Etna,

the velocity of some of the stones was 1,250 feet a second, and obser-

vations made on the peak of Teneriffe gave 3,000 feet a second. Assu-
ming, however, the former velocity to be the maximum of terrestrial

volcanic effects, the velocity with which the bodies started (stones

with specific gravity of about 3.00) must have exceeded 2,000 feet

a second to permit of an absorbed velocity of 1,250 feet through the

denser portions of our atmosphere.
When we regard the enormous craters of elevation on the moon's

surface, the great elevation of these above the general surface^ and
the consequent internal force required to elevate the melted lava that

must have at one time poured from their sides, it is not irrational to

assume that bodies were projected from lunar volcanoes at a velocity

exceeding seven or eight thousand feet per second. I know that Prof.

Dana, in a learned paper on the subject of lunar volcanoes, (Am. J.

Sci., [2], ii, 375,) argues that the great breadth of the craters is no
evidence of great projectile force, the pits being regarded as boiling

craters, where force for lofty projection could not accumulate. Al-
though his hypothesis is ingeniously sustained, still, until stronger
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proof is urged, we are justified, I think, in assuming the contrary to be

true, for we must not measure the convulsive throes of nature at all

periods by what our limited experience has enabled us to witness.

With the existence of volcanic action in the moon without air

or water, I have nothing at present to do, particularly as those who
have studied volcanic action concede that neither of these agents is

absolutely required to produce it ;. moreover, the surface of the moon
is the strongest evidence we have in favor of its occurring under those

circumstances.

The views here advanced do not at all exclude the detachment of

these bodies from the moon by any other force than volcanic. It is

useless for us to disbelieve the existence of such force merely because

we cannot conceive what that force is ; suffice it to know that the meteor-

ites are fragments, and if so, must have been detached from the parent

mass by some force. A study of the surface of the moon would in-

duce the belief that any disruption caused by heat might have oc-

curred^ as that arising from the great tension produced by cooling,^ as

exists on a miniature scale in Prince Rupert's drops, (a suggestion

made by Mr. Naysmith at a recent meeting of the British Associa-

tion.)

Admit the fragmentary character of meteorites, (which I conceive

must be done,) the force that detached it from any planet might with

equal propriety detach it from the moon ;
while, from what is known

of that body, everything else would tend to strengthen this belief.

In the paper already mentioned as written by Mr. R. P. Greg, jr.,

advocating the probable connexion between meteoric stones and the

group of asteroids, the author cannot altogether get over the probable

lunar origin of some of these stones, as will be seen from the follow-

ing quotation

:

" The physical constitution and internal appearance of some fiero-

lites, also, as those of Barbotan, Weston, Juvenas, and Bishopville,

are entirely opposed to the idea of an atmospheric origin, or of aiiy

consolidation of homologous or nebulous particles existing in the in-

terplanetary space. They are evidently parts, as Dr. Lawrence

Smith likewise justly insists on, of some larger whole, and are not un-

frequently true igneous if not volcanic rocks. Physically speaking,

there is little choice left us but to consider some of them certainly

as having true geological and mineralogical characteristics
;
either

proceeding from volcanoes in the moon, or portions of a broken

satellite or planetary body : there may, indeed, be difficulties and ob-

jections to either supposition. I have principally endeavored to ad-

duce arguments in favor of the latter idea, stating also some appar-

ently strong objections to the (at least universal) lunar origin of

gereolites and meteoric iron masses."

But it may be very reasonably asked, Why consider the moon the

source of these fragmentary masses called meteorites? May not

smaller bodies, either planets or satellites, as they pass by the eartli

and through our atmosphere, have portions detached by the niechani-

cal and chemical action to which they are subjected ? To this I will

assent as soon as the existence of that body or those bodies is proved.

Are we to suppose that each meteorite falling to the earth is thrown
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ofi'from a different sphere which becomes entangled in the atmo-

sphere? If so, how great the wonder that the earth has never inter-

cepted one of those spheres, and that all should^ have struck the

stratum of air surrounding our globe, (some fifty *miles in height,)

and escaped the body of the globe 8,000 miles in diameter. It is

eaid that the earth has never intercepted one of these spheres ;
for if

we collect together all the known meteorites, in and out of cabinets,

they would hardly cover the surface of a good sized room, and no one

of them could be looked upon as the maternal mass upon which we

might suppose the others to have been grafted ;
and this would ap-

pear equally true, if we consider the known meteorites as represent-

ing not more than a hundredth part of those which have fallen.

If it be conceived that the same body has given rise to them, and

is still wending its path through space, only seeming by its repeated

shocks with our atmosphere to acquire new vigor for a new encounter

with tliat medium, the wonder will be greater, that it has not long

since encountered the solid part of the globe ; but still more strange,

that its velocity has not been long since destroyed by the resistance

of the atmosphere, throup;h which it must have made repeated cross-

ings of over 1,000 miles in extent.

But it may be said that facts are stronger than arguments, and

that bodies of great dimensions (even over one mile in diameter) have

been seen traversing the atmosphere, and have also been seen to pro-

ject fragments and pass on. Now, of the few instances of the sup-

posed large bodies, I will only analyze the value of the data upon

which the Wilton and Weston meteorites were calculated ;
and they

are selected, because the details connected with them are more acces-

sible. The calculations concerning the latter were made by Dr.

Bowditch ; but his able calculations were based on deceptive data
;

and this is stated without hesitation, knowing the difficulty admitted

by all of making correct observations as to size of luminous bodies

passing rapidly through the atmosphere. Experiments, that would

be considered superfluous, have been instituted to prove the perfect

fallacy of making any but a most erroneous estimate of the size of

luminous bodies, by their apparent size, even when their distancefrom
the observer and the true size of the object are known ; how much more

fallacious^ then, any estimate of size made, where the observer does

not know the true size of the body, and not even his distance very

accurately.

In my experiments, three solid bodies in a state of vigorous^ in-

candescence were used : 1st, charcoal points transmitting electricity
;

2d, lime heated by the oxy-hydrogen blowpipe ; 3d, steel in a state

of incandescence in a stream of oxygen gas. They were observed on

a clear night at different distances, and the body of light (without

the bordering rays) compared with the disk of the moon, then nearly

full, and 45° above the horizon. Without going into details of the

experiment the results will be tabulated.
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Actual diam. as
seen at 10 in.

Apparent diam. at 200
yards.

Apparent diam. at i

mile.

Apparent diam. at | mile.

Capbon points .3 of all inch.

Lime light .4 " "
Incandescent steel .2 " "

diam. moon's disk. 3 diam. moon's disk.

2 " "

1 " "

31 diam. moon's disk.

2 " "

1 " "

If, then, the apparent diameter of a luminous meteor at a given

distance is to be accepted as a o-iiide for calculating the real size of

these bodies, the

Charcoal points would be 80 feet diam. instead of yV of an inch.
'

Lime " " 50 " " -/_

The steel globule "25 " "
tV

"

It is not in place to enter into any explanation of these deceptive

appearances, for they are well-known facts, and were tried in the

present form only to give precision to the criticism on the supposed

size of these bodies. Comments on them are also unnecessary, as

they speak for themselves. But to return to the two meteorites under

review.

That of Wilton was estimated by Mr. Edward C. Herrick (Ameri-

can Journal of Science, vol. xxxvii, p. 130) to be about 150 feet in

diameter. It appeared to increase gradually in size until just before

the exjjiosion, when it was at its largest apparent magnitude of one-

fourth the moon's disk—exploded 25° to 30° above the horizon with

a heavy report, that was heard about thirty seconds after the explo-

sion was seen. One or more of the observers saw luminous fragments

descend towards the ground. When it exploded, it was three or four

miles above the surface of the earth ; immediately after the explo-

sion, it was no longer visible. The large size of the body is made
out of the fact of its appearing one-fourth the apparent disk of the

moon at about six miles distant. After the experiments just recorded,

and easy of repetition, the uncertainty of such a conclusion must be

evident; and it is insisted on as a fact easy of demonstration, that a

body in a state of incandescence (as the ferruginous portions of a stony

•meteorite) might exhibit the apparent diameter of the Wilton me-
teorite at six miles distance, and not be more than a few inches or a

foot or two in diameter, according to the intensity of the incandes-

cence.

Besides, if that body was so large, where did it go to after throw-

ing off the supposed small fragments ? The fragments were seen to

fall ; but the great ignited mass suddenly disappeared at 30° above

the horizon, four miles from the earth, when it could not have had
less than six or seven hundred miles of atmosphere to traverse before it

reached the limit of that medium. It had already acquired a state

of ignition in its passage through the air prior to the explosion, and
should have retained its luminous appearance consequent thereupon,

at least while remaining in the atmosphere ; but as this was not the

case, and a sudden disappearance of the entire body took place in the

very lowest portions of the atmosphere, and descending luminous frag-

ments were seen, the natural conclusion appears to be, that tlic Avhole

meteorite was contained in the fragments thai fell.
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As to the Weston meteorite, it is stated that its direction was nearly

paraUel to the surface of the earth, at an elevation of ahout 18 miles
;

and was one mile further when it exploded. The lengtji of its path from

the time it was seen until it exploded was at least 107 miles ;
duration

of flight estimated at ahout thirty seconds, and its relative velocity

three and a half miles a second. It exploded ; three heavy reports

were heard ; ihe meteorite disappeared at the time of the explosion.

As to the value of the data upon which its size was estimated, the

same ohjection is urged as in the case of the Wilton meteorite ; and
it is hazarding nothing to state that the apparent size may have heen

due to an incandescent body a foot or two in diameter. Also, with

reference to its disappearance, there is the same inexplicable mystery.

It is supposed from its enormous size that hut minute fragments

of it fell
;
yet it disappeared at the time that this took place, which

it is supposed occurred 19 miles above the earth
;
(an estimate doubt-

less too great when we consider the heavy reports.)

Accepting this elevation, what do we have? A body one mile and
a half in diameter in a state of incandescence, passing in a curve

almost parallel to the earth, 'and while in the very densest stratum of

air that it reaches, with a vigorous reaction between the atmosphere

and its surface, and a dense body of air in front of it, is totally

eclipsed ; while, if it had a direction only tangential to the earth, in-

stead of nearly parallel, it would at" the height of 19 miles have had
upwards of 500 miles of air of variable density to traverse, which at

the relative velocity of 3| miles a second (that must have been con-

stantly diminishing by the resistance) would have taken about 143

seconds. It seems most probable that if this body was such an
enormous one, it should have been seen for more than ten minutes

after the explosion, for the reasons above stated. The fact of its dis-

appearance at the time of the explosion, is strong proof that the mass
itself was broken to fragments, and that these fragments fell to the

earth ; assuring us that the meteorite was not the huge body repre-

sented, but simply one of those irregular stony fragments which, by
explosion from heat and great friction against the atmosphere, become
shattered. I say irregular, because we have strong evidence of this

irregularity in its motion, which was "scolloping," a motion fre-

quently observed in meteorites, and doubtless due to the resistance of

the atmosphere upon the irregular mass, for a spherical body passing

through a resisting medium at great velocity would not show this.

In fact, if almost any of the specimens of meteorites in our cabinets

were discharged from a cannon, even in their limited flight, the scol-

loping motion would be seen.

This, then, will conclude what I have to say in contra.diction to the

supposition of large solid cosmical bodies passing through the atmo-

sphere, and dropping small portions of their mass. The contradiction

is seen to be based, first, upon the fact that no meteorite is known of any
very great size, none larger than the granite balls to be found at the

Dardanelles alongside of the pieces of ordnance from which they

are discharged ; secondly, on the fallacy of estimating the actual size

of these bodies from their apparent size ; and lastly, from its being op-

posed to all the laws of chance that these bodies should have been
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passing through an atmosphere for ages, and none have yet encountered

the body of the earth.

To sum up the theory of the lunar origin of meteorites,^ it may he

stated

—

That the moon is the only large body in space of ivhich ive have

any knoidedge, j^ossessing the requisite conditions demanded hy the

physical and chemical properties of meteorites ; and that they have been

throivn of from that body by volcanic action, (doubtless long since ex-

tinct,) or some other disruptive force, and, encountering no gaseous me-

dium, of resistance, readied such a distance as that the moon exercised

no longer a preponderating attraction—the detached fragment possessing

an orbital motion and an orbital velocity, ivhich it had in common^ with

all parts of the moon, but now more or less modified by the projectile

force and new condition of attraction in ivhich it was placed with refer-

ence to the earth, acquired an independent orbit more or less elliptical.

This orbit, necessarily subject to great disturbing influences, may sooner

or later cross our atmosphere andbe intercepted by the body of the globe.
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The laws offeree and motion are everywhere the same. Whether a

pehhlehe thrownhythe hand ofa child, or a world be launched into space

by the will of the Creator, the same laws will forever govern the move-

ments of the two bodies, and the same principles will be employed to

c^ilculate their paths. If no second force operates to disturb them,

they will pursue a straight course, and at a uniform rate for endless

ages. But should a second impulse be applied to the moving body,

and in some other direction, it will follow neither its original track

nor that of the neiu force, but will describe a line between the two,

which can be precisely determined, both in direction and velocity,

from the magnitude and direction of the two forces. And this inter-

mediate line will be as exactly straight, and described with a velocity

as perfectly uniform, as though but one force had originated the

motion. This is denominated compound motion ; but it is the force

which is compound, not the motion.

If the body, which has commenced its rectilinear path, should be

subject to an attractive force urging it towards some centre, and in-

creasing as the square of the distance diminishes, and vice versa, then

it will move in an orbit about that centre ; and this orbit will inevi-

tably be one of the figures called the conic sections, in the focus of

which the attracting body resides. The stone thrown by the hand,

and describing a path bent towards the earth, has in fact begun to

move in such an orbit ; and if the earth could attract it by the usual

law of gravity, and at the same time present no obstruction to its

course, the stone would descend with increasing velocity, pass around
the centre within the distance of a few feet, and with a speed of many
thousands of miles per second, then ascend more and more slowly to

its place of departure, and thus, after the lapse of a few minutes from
the time it was thrown, be ready to begin the same journey anew

;

and this elliptical circulation would be continued forever, if no new
force should come in to prevent. The path of a projectile near the

earth is usually called a parabola ; and for all the purposes of calcu-

lation it is sufficiently near the truth ; for the extremity of so eccentric

an ellipse is infinitely near to a parabola, and this curve is much
more simple than the ellipse. So the upright corners of a building

are considered parallel lines, though in fact they converge towards the

earth's centre.

The same principles which determine for us the resultant movement
under the action of tioo forces will also enable us to find it, when three.
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four, or any numher of impulses are applied. And the thought I

wish particularly to present is^ that these results of calculation are

just the same in all the movements of common life, in the operations

of every machine, and in the revolutions of the moons, planets, comets,

and suns of the universe. There is not one system of mechanics for

rolling marbles, playing ball, and pitching quoits; another for guid-

ing ships and railroad cars, and driving machinery ; and a third for

maintaining the revolutions of days and seasons on the planets, and
working out the grand harmonies of creation. Here, as in every de-

partment of Grod's works, we see infinite variety comprehended in a

simple unity.

This identity in the laws of terrestrial mechanics and of "me-
chanics celestial" affords the highest satisfaction to the student of

astronomy. He feels that he is treading on safe ground ; he sees it

to be as preposterous to suppose the foundations of the present sys-

tem of astronomy subverted, and Newton's Principia and La Place's

Mechanique Celeste giving way to some new method of explaining

the movements of worlds, as to imagine that philosophers should

abandon the principles of projectiles, the laws which fix the relations

of wheels, levers, and screws in a machine, or the methods of calcu-

lating and applying the forces used in locomotion, and should substi-

tute in their place some new system of principles and laws.

Perhaps I ought to state the exact meaning of two words which I

shall occasionally use

—

inertia and gravitation. Gravitation is the

tendency of all masses of matter in the universe towards each other,

which tendency varies directly as the quantity, and inversely as the

square of the distance. Inertia is a negative term, implying that

matter is unable to change its condition as to motion and rest. If a

body is at rest, it will never move, unless a force acts upon it ; if it is

in motion, it will forever move in the same straight line, and at the

same rate, if no external force causes a change. A mass of matter

can no more stop, or go faster or slower, or change its line of motion,

than it can begin to move from a state of rest.

These two properties of matter explain not only the ordinary facts

of terrestrial mechanics, and those phenomena of astronomy which
were known in the days of Sir Isaac Newton, but a vast number of

other planetary movements and disturbances, some of them most del-

icate and intricate, which have since been detected. Not a new fact

as yet has come to light which conflicts with these simple first princi-

ples. No system but the true one could bear a test like this.

In attempting to give experimental illustrations of astronomical

movements^ we meet with difiiculties which cannot be entirely re-

moved. The earth attracts ; the air obstructs : a revolving body
must be supported by pivots ; these retard by friction. The best con-

trived experiments, therefore, are only approximations to the phe-

nomena which they are intended to illustrate.

A fundamental fact in rotation, whether on an axis or in an orbit,

and one, too, which is a direct consequence of inertia, is this : a re-

volving body tends to keep its plane of rotation always parallel to

itself. This fact is apparent in all the bodies of the solar system.

For example, the earth, though it travels over a journey of six hun-
dred millions of miles every year, maintains its equator parallel to
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itself, its north pole all the time pointing nearly in the direction of

the so-called north star. Were it not so, our seasons would not be

preserved. Let this horizontal wooden ring represent the plane of

the eclii>tic, the lamp in the centre the sun, and the six-inch globe

revolving on tlie axis which I hold, the earth. As I carry the globe

around the ring, with the e'i|uator oblique to it, and keep the axis di-

rected to the same point in the sky, you perceive that the upper pole

is now in the light of the lamp ; now, after a quarter revolution, the

light just reaches to both poles ; and now, when carried half round,

the upper pole is turned av.^ay from the light, and the lower one to-

wards it; and, once more, after three-quarters of a revolution, both

poles are again in the edge of the enlightened hemisphere. The axis

being held ])arallel to itself, and the globe all the time spinning upon
it, you perceive that the upper hemisphere in the first position has

the long days and short nights of summer ; in the second, the equal

days and nights of autumn ; in the third, the short days and long

nights of winter ; and in the last, the equal days and nights of spring.

In the lower hemisphere, all these facts are reversed. So, also, the

moon's axis is not exactly perpendicular to the plane of its orbit ; and,

as its equator continues parallel to itself, we alternately see the north

and south poles of the moon presented to us—a phenomenon called

the moon's libration in latitude. In the foregoing illustration, we
have only to suppose the wooden ring to be the moon's orbit, and the

small globe the moon, while the lamp in the centre occupies the place

of the earth.

In like manner, the orbits and equators of all the planets and satel-

lites in the system show plainly a tendency to maintain a parallelism

at all times. That these planes are not really and precisely parallel,

is the result of disturbing influences, to be noticed presently.

In order to show this tendency experimentally, it is necessary that

the revolving body should be free to place its axis in all directions.

This is done by sv/inging it in gimbals, somewhat like the mariner's

compass. The instrument before you was called by the inventor, the

late Professor Walter R. Johnson, the Rotascope.* It very much re-

sembles Bohnenberger's apparatus for illustrating the precession of

the equinoxes, but is many times larger, and has several appendages
for various experiments on rotatory motion. The outer brass ring is

free to revolve on a vertical axis in the wooden frame ; the inner ring

can revolve freely on a horizontal axis in the outer one ; and the spheroid

in the inner ring has its axis perpendicular to tliat of

the ring itself. (Fig. 1.) Thus, you perceive, the

spheroid, by means of the rectangular axis, is free to

revolve in any plane whatever. I now set it spinning,

(by looping a cord upon the small pin in the axis,

winding it up, and then drawing the ends apart till

it is unwound and detached,) and elevate somewhat
that end of the axis which is nearest to you, that you
may see its position better. I now take up the frame

in my hands, and carry it about the platform, and
turn it to every point of the compass, and tip it over to any angle^, even

""" See Professor W. R. Johnson's "Description of the Rotascope," in the American

Journal of Science aud Aits, for January, 1832, p. 265, et seq. The instrument usod in

.12
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bottom up, and yet tlie axis of the spheroid remains parallel to itself,

with the elevated end directed towards you.

Fig. 2. Fig. 3.

^
'S^

Friction on the pivots, and resistance of the air, will cause small

changes of direction, especially if I move the frame violently. ^^'

If a body, therefore, were made to revolve on an axis, it might be

carried or driven anywhere into space, without ever changing the

position of its plane of rotation, unless the forces applied should act

unequally on the parts of the body.

We find an elegant illustration of this tendency to parallelism of axis

in the boomereng, a curious missile used by the natives of New South

Wales, an account of which is given by Captain Wilkes in his "Explor-

ing Expedition."! It is made of wood, about three feet long, two inches

wide, and three-fourths of an inch thick, bent in the middle at an ob-

Pj„ 4. tuse angle, somewhat resembling a rude sword.

(Fig. 4.) The article which I hold in my hand ia

:-^^0 an actual boomereng, brought by the explorers,
^^" and belonging to the collections of the Smith-

sonian Institution. Three or four others may be seen in the National

Gallery, in the building of the Patent Office. It is thrown with a rapidly

revolving motion, and is said to be very effective both in war and

hunting. Those who are skilled in its use can throw it obliquely up-

ward so that it will come back to them, or even pass over their heads,

and hit any desired object behind them. It would be hardly safe for

me to try the experiment here, lest (lacking the skill of the savage)

I should hurt either you or myself. I can with less hazard, project

these models, made of stiff card, and only three or four inches long.

Holding one of these with the obtuse angle between my thumb an(;l

finger, I snap the end forcibly, so as to send it off obliquely upward,

with a swiit rotation in its own plane, and you perceive that instead

of describing the usual path of a projectile, after completing its ascent,

it returns in the same plane, and falls near me. If several be thus

snapped off" in different directions, occasionally one will perform an

awkward somerset, but most of them will come back to me. It is

that tendency (already spoken of) in a rotating body, to preserve its

this lecture is of more simple construction, the orbit-rod and the third ring being dis-

pensed with, as they are wholly unnecessary for the illustration of composition of rotary

motions.
« In figures 1, 2, 3, the spheroid is seen maintaining the same position, while the frame

is placed in various positions.

t For a description of the boomereng, and its uses, see Captain Wilkes's " Narrative of

'the United States Exploring Expedition," vol. II, pp. 191, 192.
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axis parallel to itself, which explains this apparently singular phe-

nomenon. Observe that as the booraereng ascends, it is whirling on.

an axis perpeiidicuiar to the plane of ascent. Should it go onward in

its descent, and cut the air edgewise, it must necessarily change its

plane of rotation ; it will not, therefore, do this. If it goes on, keep-

ing its axis parallel to itself, it must strike broadside through the air,

and the resistance is too great to allow of this. The only way in

which it can maintain a parallelism of rotation, and yet cut the air

edgewise, and also descend wnth the largest angle of inclination, is to

come back to its place of projection, as you have seen it do. It does,

in fact, as the foregoing explanation requires, ascend and descend on
an inclined plmie, instead of pursuing the parabolic or atmospheric

curve at alL

But I have already intimated that, in the solar system, this paral-

lelism, is rarely, if ever, perfectly maintained. The earth's equator

deviates at a very slov/ rate, (about lifty seconds in a year,) so that

for many years it was not perceived by the rude means of measure-
ment which ancient astronom.ers possessed. But its deviation has

been going steadily on in the same direction, until the signs of the

zodiac and the signs of the ecliptic are now separated by the extent

of an entire sign, or thirty degrees. The plane of the moon's orbit

deviates from parallelism much faster, so that in about eighteen years

it inclines in every direction at its given angle with the orbit, and
comes round again into its former position. Groing back to our first

illustration, in which the small globe represents the earth, and the

wooden ring the ecliptic, I carry the globe round the ring, from the

west side, through the south, to the east, and onward, at the same^
time inclining the north pole towards me, so that the planes of the
equator and the ecliptic intersect in an east and west line. But, after

I liave carried it round a number of times, please to observe that I

shift the position of the axis, by which I hold the globe, in such a
manner that the line of intersection lies a little to the south of east and
north of west. The ends of that line, representing the equinoxes,

have moved a little from the east (through the south) to the west
;

that is, in a direction contrary to that in which the earth revolves.

At length, as the revolutions proceed, the line of equinoxes is found
lying north and south ; and thus it perpetually retrogrades. This is

called the " Precession of the equinoxes." It is so exceedingly slow,

that in order to describe ninety degrees, as just represented, it will

require between 6,000 and 7,000 years, and, therefore, about 20,000'

years to complete the circuit of the heavens. Again, if I carry
this two-inch brass ball round from west to east, but oblique to the
wooden ring, passing above it through the southern half, and be-

low it through the northern, we shall have a representation of the
moon's path around the earth, oblique to the ecliptic. The intei'sect-

ing points, called the nodes, now lie in an east and west line ; but as

I carry it round repeatedly, I make the ball descend below the ecliptic,

at a point a little lurther to the west, every time, and thus cause the
line of nodes to move backward, while the moon itself goes forward.
TJiis is called the '

' Retrogradation of the moon's nodes.
'

' It is vastly

more rapid than the precession just described, since the line of the
nodes passes quite round the sky in eighteen or nineteen years.
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. Now, these nodal motions in the solar system, of which I hare

named the two most familiar examples, are the effects of some diatm'b-

ing force ; for we have seen that, without disturbance, the plane of

rotation would he forever parallel to itself, and woiild therefore cut a

fixed plane always in the same points. I have already alluded to the

law of composition in rectilinear motions ;
namely, that the resultant

motion lies between the directions of the two component forces, divi-

ding the angle into two parts, which have a very simple relation to the

magnitude of the forces, the body moving most nearly in the direction

of the greater force. The law of composition of rotary^ motions is

quite analogous to it, and directly deducible from it. It is this : If a

body is revolving on an axis, and a force is applied tending to revolve

it on some other axis, it will not revolve on either, but on a third one^

between the two, and dividing the angle as before.*

To show you the truth of this law, I whirl the spheroid of the rota-

scope, so that, while the south end of the axis points from_ me, the

particles pass over from my left to my right. Now, with this smooth

rod, I press down the north side of the inner ring, thus tending to

give the spheroid a similar right-hand rotation on an

axis pointing westward. The effect is, you perceive^

that the ring slips round under the rod, so as to

bring the south end of the axis into the southwest

quarter—that is, behveen the two axes of separate ro-

tation. If I continue the pressure, the axis passes

round still farther west, endeavoring each moment to

place itself between its present position and one at

right angles to itself f If there were no friction un-

der the rod and on the pivots, this horizontal rota-

tion would continue so long as the pressure is ap-

plied, and more rapidly as the pressure is greater. But, as there is

friction, the south end of the axis slowly rises from a horizontal plane.

I now direct the axis again towards the south, and press the north side

of the ring upivard—that is, I endeavor to produce a right-handed rota-

tion on an axis pointing eashvard ; and you see the south pole imme-

diately pass round towards the east, between the two axes.

As all the cases of compound rotation are more easily described by

="= I did not think it best, in a popular lecture, to give a full and technical statement of

the laws of composition, in either rectilinear or rot 'ry motions. They are suhjoined here

for the use of anv Avho may wish to recur to them :

"If a particle "receives two motions, which are separately represented by the adjacent

sides of a parallelogram, the resultant motion is represented by the diagonal of the same ;

and therefore, in direction, it divides the angle of the components, so that the sines of the

two parts are inversely as the components ; and in quantity, it has to either component the

same ratio as the sine "of the whole angle has to the sine of the part between itself and

the o//(er component."
The law of compound revolutions is this : "If a body receives two impulses, one of whicti

would cause it to revolve on <mc axis, and the other on a second, it will revolve on a third

axis, situated between the two, and dividing their angle, so that the sines of the parts are

inversely as the two impulses. And the velocity of rt)tation is to the velocity due to eiiliei'

ImpulKC, as the sine of the angle between the two original axes is to the sine of the partial

angle between the third axis and that on which the other impulse would have revolved

the body."
^

t In figure 5, the particles at A, moving in the direction of the arrow by the revolu-

tion of the spheroid, and also urged towards the rod, by which the ring is pressed down,

move lelween these two directions ; this is effected by tlie sliding of the ring towards the

left, under the rod, as shown by the dmbk-ihaft arrow.
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directing attention to the revolving particles themselves, rather than
to the axes of motion, and as this mode renders more obvious the re-

semblance between comjtound rotary and compound redtVmear motions,
I will adopt that metliod of explanation in the remaining experiments.

The spherttid having lost considerable velocity, I renew it, and once
more direct the axis southward, observing that the particles on the west
side are moving doivnward. I now press the west side of the outer ring
towards the south, and you see that the only effect is to make the south
pole rise up ; if I push the same side iiorth, the south pole is depressed.

Now observe the reason. The particles on the west side, moving down
by one motion, and soiilh by the other, take an intermediate direction,

which necessarily elevates the south pole. The particles on the east

side conspire in this effect ; for, by the first rotation they move up-
ivard ; by the pressure which I communicate they are urged nor/A-

ward; and, taking a direction between these two, they
also throw the south pole itp. Thus every particle,

on the east half and on the west, has a compound
motion, which tends to raise the south pole of the

gpheroid ; that is^ to give the spheroid a revolution

on an axis between the two original ones, one of

which was directed horizontally southward, the other

vertically upward.* If the pressure is continued
gently for a few moments, the axis continues to rise,

always seeking a nev/ position, between its present

one and a vertical one, until, at length, it becomes vertical itself; then
the two revolutiuns coincide, and the ring for the first time yields to

the pressure, and goes round in the same direction as the spheroid. I

now give a new form to the experiment, by pressing the east side

southward for several seconds
;
you perceive the north pole of the sphe-

roid elevating itself, till it finally points to the zenith, when the two
revolutions agree in a direction the reverse of the former.

Another mode of exhibiting these last experiments is quite calcu-

lated to deceive the student and lead him to suppose that the diurnal
and annual revolutions of a planet or satellite, are performed in the

same general direction from some mechanical necessity. I whirl the
spheroid on a vertical axis, Irom west (through south) to east ; next
I confine the outer ring, by turning up the fork attached to the bot-

tom of the frame, so as to embrace the edge of the ring ; and then,

taking the frame by its two pillars, I commence carrying it round my-
self, from west to east. The spheroid, in the mean time, spins quietly
on its axis. But the moment I sto]) and begin to carry the frame
round from east to west, the spheroid suddenly throws itself over, and
revolves on a vertical axis still, but with its poles reversed. By this

inversion of axis, the spheroid revolves also from east to west, the
same direction in which I am carrying the frame. Once more I re-

verse the orbit motion, and instantly you see the spheroid turn over,

seeming determined (if I may borrow some convenient terms from
astronomy) to revolve diurnally in the same direction in which I carry

.
^' Fig. 6. Tlie particles at A, moving by the revolution of the spheroid, and the pressure

of the rod, respectively in the directions of the In-okcn-shafl arrows, take the intermediate
direction indicated by the double-shaft arrow ; which can be done only by the rising of the
remote end of the axis.
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it annually. And so it will do, as often as I cliange tlie order of the

circular motion. If I press very gently, to produce the orbit motion,

without actually moving, the spheroid reverses its axis slowly ; but if

I begin to move rapidly, it tlirows. itself over v/ith such energy that

it nearly jerks the frame out of my hands.

Now we cannot infer from this experiment, that the axial and or-

bital revolutions of a planet are so connected, that one must be in the

same direction as the other. If the earth were to be stopped in its

orbit, and sent backward through the signs of the ecliptic, that would

be no reason for its throwing itself over vyith its north pole to the

south, and its south pole to the north. The diurnal rotation would

go on undisturbed ; for we have already seen that the earth or any

revolving body might be projected in any way whatever through

space, without causing the least displacement of its axis. This ex-

periment is exactly in point for illustrating the composition of two-

revolutions, which is the topic now in hand. I make the spheroid to

rotate from west to east ; I then begin to carry it round me irom east

to west. This is in fact nothing else than turning it on its oivn axis

from east to west ; for^ when I commence, the side of.the frame nearest

to me (and of the ring, coniined to the frame) faces noHli; after a

quarter revolution, the same side faces east; after a half revolution,

west ; and so through all jioints of the compass. So far as the sphe-

roid is concerned, it is the same as though I take hold of the frame,

and turn it round in its place on the table. I repeat the experiment

in that manner ; and you perceive that the instant I turn the fra.me

and coniined ring from east to west, the spheroid reverses its poles
;

and on my. turning it back, from west to east, it reverses again, tluis

resuming its original position. Now here is no orbit-motion ; the

body stays in its place, and exhibits the resultant effect of two rota-

tions. Let us examine this case of composition. Please to notice

that the axis is not/ree to place itself in any position when I move the

frame ; the spheroid cannot, therefore, maintain a parallel position ; but

is, on the contrary, constrained to receive a second revolution, which

I impress upon it. This second revolution is round a vertical axis,

whether I carry the frame about me, or turn it on the table. So long as

the spheroid keeps its own axis precisely vertical, although revolving

in the opposite direction, it does not tend to turn over^ but revolves

with the difference of the two motions, which are in the same plane.

Fig. 7. But the axis of the spheroid will inevitably be jarred

^ gg ^ slightly from its vertical position ;
and if so, it

cannot recover it. If, for example, the upper pole

is jarred towards me, each particle on the right hand
will, by the first rotation, be moving from me in a

line slightly ascending ; and, by the second, horizon-

tally towards me ; thus the two forces v/iil act at a

large obtuse angle, within which the particle will

direct itself, throwing the upper pole farther towards

ine.* The angle of the forces is thus diminished a

» In figure 7, the particles at R ascendfrom the observer in the line of the arrow A, by

the revolution of the spheroid ; and move hormmtalhj lowards him in the line of the arrow

B, by pressure on the frame ; they, therefore, move Itiuxtn, as shown by the arrow C ;

that is, the upper end of the axis N moves towards him.
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little, and the next resultant lies within this diminished angle ; and
so, by the continued pressure on the frame, the angle is reduced to no-

thing, by the complete reversal of the poles. At that moment, the two
forces coincide in direction ; and noiu, if the axis is jarred a little, the

angle is acute, the resultant lies within it, and tends to bring them to

immediate coincidence without upsetting the spheroid. We see, there-

fore, that there is a condition of equillbrluin, whichever way the frame
is turned on a vertical axis, provided the spheroid revolves also on a
vertical axis ; but if the revolutions are in the same direction, the

equilibrium is stable ; if in opposite directions, it is unstable.

We are now prepared to attend to the explanation and illustration

of the " Precession of the equinoxes." The earth is not an exact

sphere. If it was a sphere, and of uniform density, there would be

no such phenomenon as precession. The equator of the earth, as is

true also of the other planets, is a little bilged beyond the spherical

form, in consequence of its rotation. We conceive ol" the earth, there-

fore, as consisting of a sphere with a thin ring attached to its equator.

This equatorial ring is inclined about twenty-three and a half degrees

to the plane of the ecliptic. The sun is always in the ecliptic, and
the moon is always very nearly in it. By the attraction of these

bodies the equatorial ring is slightly pressed towards the ecliptic, and
the whole mass of the earth, being united to the ring, is thus urged
to turn into the plane of the ecliptic, on an axis passing through the

intersection of the two planes. But in the mean time the earth is also

turning on the axis which passes through its poles. By the composi-

tion of these two revolutions it begins to turn on a new axis very near

the original one, and between it and the line of equinoxes. But the

depressing force continues, tending to tip the equator towards the

ecliptic on a line still at right angles to the diurnal axis, and there-

fore shifts that axis again ; and thus the cause, and its consequent

effect, are repeated from moment to moment for ages. The earth's

axis is ever seeking a neiv position between its present one and another

at rigid angles to the present one.

The rotascope illustrates this perfectly. I first set the horizontal

ring around the frame, to represent the ecliptic. The spheroid of the

rotascope represents the earth ; though, for convenience, it has an
excessive oblateness, the equatorial ring being even larger than the

enclosed sphere. The earth I set in rotation on its axis from west to

Fig. 8. east, and incline the equator to the ecliptic ; and
now I attach this brass weight to the lower edge
of the inner ring ; the weight, by urging the

ring into a vertical position, of course presses the

equator of the spheroid into a horizontal plane

—

that is, the plane of the ecliptic. The line of

equinoxes, you perceive, now lies east and west;

but if I leave the apparatus thus adjusted to itself,

this line commences a slow revolution from east

to west. This is the "Precession of equinoxes."*

.
*-" hi figure 8, the particles at A, revolving to the right with the spheroid, and urged towards

the observer by the weight W, take an intermediate direction ; that is, the equinoctial points,
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If the attraction of the sun and moon was greater than it is, we
reason that the precession would he more rapid; and if less, it would

be slower. The experiment is easily modified, to shoAv the correct-

ness of these conclusions. I take off the weight, and put on a heavier,

and the horizontal movement is hastened ; if I put on a smaller v.'eight

you sec it slackened ; and finally, if I remove the weights altogether,

the phenomenon ceases, as it should do.

Once more, we know that if the earth were to revolve more rapidly

on its axis than it now does, the present attraction of the sun and
moon would produce less effect to change the axis ; in other words,

the precession would he slower, and vice versa. In illustration of

this, observe that, as the spheroid loses some of its velocity, (with a

given weight on the ring,) the horizontal circulation is gradually gain-

ing speed ; and so it will continue to do as long as 1 let the experi-

ment continue.

We may here notice why the precession is so excessively slow :

1st. The ring of matter on which the sun and moon act is an ex-

ceedingly small fraction of tlie whole earth.

2d. It is not the ivhole attraction of those bodies upon the ring which

causes this disturbance, but only that part by which it exceeds or falls

short of the attraction on tlie internal portions.

3d. It is not even the lohole of this difference, but only that com-

ponent which is perpendicular to the plane of the ecliptic.

4th. The ring cannot move alone, in obedience to this influence, but

must carry the entire earth with it.

No wonder, then, that the effect is almost too small to be observed.

We may well say, when explaining the seasons, that the earth's axis

is, in every part of its orbit, parallel to itself.

It is interesting to see so delicate a phenomenon as the precession

of the equinoxes completely accounted for. A cause is found, which

is not only right in the direction of its action, but exactly right, too,

in quaniiiy, to c^use this almost insensible disturbance. It is just as

small as it shoidcl be, considering that the earth is as Jarge as it is,

and as heavy as it is, and revolves as often as it does; that the ring is

as small as it is_, inclined as it is to the ecliptic, and confined as it is to

the earth ; that the su7i and moon are just as massive and as distant

as they are, and varying as they do their relations to the line of the

equinoxes. All these, and still other conditions, being j\(st as they

are, if the precession Avas any faster or any slower than about fifty

seconds in the year—that is, about the width of the sun in forty

years—then this motion would not be accounted for. But, be-

sides the agreement of calculated results with the observed facts,

which so iew are able to appreciate, the same phenomenon can be

shown by experiments ; a body being made to revolve like the earth,

and a force being brought to act on it as the sun does on the earth,

the phenomenon is artificially produced before our eyes.

It is to be observed that if the equator, having an inclination of

23^° to the ecliptic, directs that inclination every way in the course

at the screws L and E, revolve horizontally in the direction of the double-shaft arrow.

As the component forces are always at right angles with each other, their resultant is

perpetually reproduced.
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of ages, the poles of the equator must likewise perform a revolution

around the poles of the eclii)tic at the same slow rate.

While the rotasco]ie exhibits the precession as in the last experi-

ment, you will perceive, if your attention is given to the pole of the

spheroid, that it describes a circle ariniiid the pole of the ecliptic, or

the pivot at the top of the frame. For many years past and to come,

the conspicuous star in the extremity of the tail of the Litle Bear is

nearly enough in the direction of the earth's axis to he called the pole-

star. But the time will come when the little feljow will not be held

so unceremoniously by the end of his tail, and wliirled round every

day without touching feet to the ground, as he now is. He will re-

tire from his dizzy position in the north, and evei-y twenty- four hours

will go to rest and rise again, like most other animals. In 13,000

years from this time, the Little Bear will rise in the northeast, cul-

minate over our heads—I should say over the heads of our success-

ors—and set in the northwest ; wlnle the beautiful Harp will take

its station in the northern watch-tower, furnishing a far more bril-

liant pole-star (Alpha Lyne) than the one which ive enjoy.

The retrograde motion of the moon's nodes is explained in the

same manner as the precession. The sun is the disturbing body,

always in the plane of the ecliptic, while the moon's path about the

earth is inclined to the ecliptic about five degrees. A smnll compo-

nent of the difference of the sun's action on the earth and moon is

employed to press the moon towards the plane of the ecliptic. The
two revolutions thus impressed on the moon cause it to revolve in an

intermediate direction. Recurring to the experiment by which I

illustrated the fact of this retrograde motion, a moment's attention,

in view of what has been presented on compound rotations, will suf-

fice for understanding the reason of it. The wooden ring represent-

ing the ecliptic as heretolbre, the lamp in its centre the earth, and
the brass ball the moon, we must imagine the sun at the distance of

some five hundred feet in the extension of the wooden ring. Now,
as I carry the ball around the ring obliquely while it is above, and
tending, by its inertia and gravity of the earth, to go forv>rard in its

orbit, the distant sun exerts a small force to depress it into the plane

of the ring, and it therefore goes hehveen, and passes the plane at

an earlier point than if the sun had not acted ; tliat is, the node has

moved backward. At every semi-revolution the same canse is in ope-

ration, and the effect is, therefore, perpetually produced on each node.

But this retrogradation is far more rapid than the precession, prin-

cipally because the moon is not attached (as the equatorial ring of

the earth is) to a mass vastly larger than itself, to which the motion

must be communicated.
Before leaving the subject, I will use the rotascope to perform two

experiments which strikingly illustrate the general lav/ of compound
rotations.

From the ceiling there is suspended a strong wire, on the lower

end of which is a cord, or rather a bundle of cords, about two feet

long, terminating in a hook. I take the spheroid and rings from
the frame, by raising the pivot-screw at the top, and hang the outer
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ring on tlae hook, taking care to keep the axis of the inner ring hor-

izontal. I now spin the spheroid as rapidly as possible, and then
Fig. 9.^ whirl the outer ring the same way till the cords are

twisted so far as to tend strongly to untwist. Letting

go the ring, it commences whirling by the force of

torsion ; but suddenly the axis of the spheroid throws

itself into an oblique position, and instantly arrests

the motion of the ring, while the spheroid, with the

inner ring, slowly turns itself over.* As soon as it

is inverted, the cords untwist, and twist up in the op-

posite direction, the spheroid all the while maintaining

its own rotation the same way. When they begin the

second time to untwist, the spheroid authoratatively

interposes, and takes time to turn over quite leisurely^

and get itself ready to whirl in the same direction

also. And thus will it operate a number of times be-

fore running down.
This experiment does not need a separate explanation ; it is, in fact,

a repetition of the one in which I carried the frame round its vertical

axis. But it becomes more striking, for the reasons that the force is

more secretly applied by the cord than by the hands
;
that it is ap-

plied uniformly as well as gently ; and tliat it is repeated as often as

the cord is twisted up. A short and thick rope of parallel pords is

purposely used, that the inversion may be repeated several times be-

fore the spheroid loses its velocity. You will observe, that the outer

ring does not move at all by the torsion of the cord, while the axis is

reversing itself; that force is wholly expended on the spheroid, com-

bining with its own rotation, to produce the inversion of its axis.

To prepare the instrument for the second experiment, I replace it

in the frame, take the inner ring with the spheroid fromthe^ outer

ring, and attach to it, at one end of the spheroid's axis, this stiff rod

of brass, about six inches long. One end of the rod terminates in a

strong fork, which is slipped tightly upon the ring, and confined bv

pins. The other end is connected by a hook and swivel, with a wire

two feet long. I next remove the cord used in the preceding experi-

ment, and hang up, in its place, the wire with the spheroid attached

in the manner just described. Having put the spheroid into swift

revolution, I lift it up on one side by the ring, till the rod and axis

make a right-angle with the wire. Dropping it now from tliis posi-

tion, it does not fall, as one would expect, and hang beneath the

wire, nor does it even descend in the least, but commences a horizontal

revolution about the wire. The spheroid itself revolves vertically, but

the system horizontally. And the whole, weighing fifteen pounds,

and having its centre of gravity more than a foot from the support,

presents the magical appearance of being held up without force. If

I elevate it higher, at an acute angle with the wire, it will sustain

•Figure 9. The arrows T show the direction of torhion. The particles A are moved up-

ward: by the rotation of the spheroid, and korizmtallji to the left by torsion— tlies-e forces

bcins indicated by the hrokcn-shafl arrows. The douhle-shaft arrow shows the direction of

the resultant, wliich corresponds to an elevation of the pole N, and a depression of iS,
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F'g-i<>- itself at that angle, and revolve as before.

The direction of the horizontal revolution is the

reverse of that which the spheroid has when
broufijht down to hang beneath the wire. For
example, in the present experiment, I made
the spheroid rotate from W. to E. ; and you see

the system going from E. to W. 1 will now
revolve the spheroid from E. to W. ; and having
dropped it again, you observe the revolution

C _ ''I; ;; to be reversed ; the system revolves from W. to

Unaccountable as these phenomena appear at first, they are found

to be very obvious cases of compound rotations. Gravity, at first

sight, appears to have no effect on the weight, since it is not at all

depressed. But it is, in truth, exerting its full energy upon it every

moment, producing, in conjunction with the rotation of the spheroid,

the horizontal revolution. Let me stop the latter motion for a few

moments, that we may examine the manner in which the two forces

are com])ounded. As I hold the spheroid up on the right of the wire,

the particles on the top are coming toiuards me ; if I should abandon
it to the action of gravity, that force would urge the same particles to

the rigid., in the arc of a vertical circle, described about the hook as a

centre ; consequently they assume a direction between these two direc-

tions, which can be done only by the system moving, not downward,
but horizontally from me. This composition of forces is momentarily

repeated, in exactly the same circumstances, and hence the rotation is

continued uniformly so long as the spheroid maintains its speed.

There is another species of disturbance in the planetary motions,

easily illustrated by experiments, and which will demand but a few

moments' attention. The orbits of the planets and satellites, though
nearly circular, are really ellipses ; and, if no attraction operated on

a given revolving body except that of the central body, the elli[)se

would always present its longest axis in the same direction. But this

is not true in fact. The remote end of the longest diameter of the

earth's orbit, called its aphelion, which now points to the constella-

tion Gemini, ten thousand years ago was directed to Taurus, and ten

thousand years hence will be advanced in the order of the signs to

Cancer. This motion is so exceedingly slow that sixty thousand years

will be required for the aphelion and perihelion to change places, and
one hundred and twenty thousand years to make a full revolution.

The extremities of the moon's orbit, in like manner, are advancing

;

but the disturbance in this case is rapid, since they pass entirely round
the heavens in about nine years.

Tou will observe that this line (called the line of the apsides) travels

in the same direction as the revolving body, while the line of the

nodes moves, as we have seen, the opposite way.

This eiiect is produced by the action of a body, or of bodies, lying

* Fig. 10. The particles at A are moving in the line D, by the rotation of the spheroid,

and are nrged l>y gravity towards B, in the plane of a vertical circle around the centre, H.
The resultant is towards E, vvdiich direction can be attained only by tlie rotation of the
centre of gravity G, in the order of the arrows F, horizontally around the centre C.
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outside of the orbit. The sun, for example, outside of the moon's

orbit, operates powerfully on it, and causes its apsides to advance

rapidly. The superior planets, outside of the earth's (n-hit, exert but

a feeble influence, and the motion of its aphelion is almost insensible.

An exterior body always operates to draw a planet away from its

centre ; that is, it diminishes its attraction towards the centre, and, of

course, it does this most efficiently when the planet is farthest removed

from the central body ; in other words, when at its aphelion. Hence
it advances a little beyond its former aphelion before it turns to go

back to the perihelion. Thus each aphelion point is a little further

onward than the preceding.

This may be illustrated by a long pendulum. I suspend the small

globe by a'cord six or eight feet in length. Instead of swinging it-

back and forth, however, like a pendulum, I throw it round, so as to

describe an elliptical orbit. Now, in order to describe this orbit,

there must be a central force. That force is the component part of

gravity, which would, if I should stop the ball,

cause it to fall towards the centre, and which

would hold it there, and only there, when at rest.

I now swing the globe in such a manner, that it

will describe from west to east a long narrow

orbit, whose longest axis lies north and south.

After a few revolutions, the axis is seen shifting

a little to the southeast and northwest ; and in

a few minutes the south has become east, and the

north has become west, the apsides having ad-

vanced ninety degrees. To show that the two

revolutions are necessarily in the same direction,

I stop the globe, and revolve it from east to west. You presently

notice the axis of the orbit making progress from east to west also.*

To explain this change in the pendulum's orbit, I must state a law

demonstrated in Newton's Principia ; that, when a body revolves in

an ellipse about the centre, instead of the focus, the attraction to the

centre varies as the distance. When a long pendulum is swung in a

smcdl orbit, this law is proved to obtain almost exactly ; and experiment

corroborates it. But if the cord is shortened, or the orbit enlarged,

the deviation increases, and always in this way—that the central force

is not great enough at the extremities of the long axis. Hence, as

the body is passing one of these points, the central force being too

feeble to bring it back in the former path, it shoots forward a little

before turning to come back ; that is, the apsis is advanced slightly.

This occurs at every semi-revolution. Now here is a known cause,

operating just like the attraction of external bodies in the solar sys-

tem, and producing just such an effect. Thus, again, we have an in-

stance, in which a mechanical experiment, that can be performed in

«In Fig. 11, the globe, siispended from the ceiling, and drawn aside, is urged by a com-

ponent of gravit}' towards G, where it would hang, if at rest. Being thrown obliquely

so as to describe the ellipse in the direction of the single-shaft arrows, it will, at its suc-

cessive returns, pass tlirough the points A, B, C, D, &e. The douUe-shaft arrows show this

motion of the apsides to be in the direction in which the globe describes its orbit ; that

is, the apsides advance.
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the lecture-room, and .a great fact in astronomy, are explained on the

same principles.

If there were but two bodies in the system, their mutual orbits

would be undisturbed. Some conic section would be exactly and for-

ever described by each about their conmion centre of gravity. But

the introduction of a third body disturbs both these orbits, and its

own is disturbed by them. In the solar system, therefore, in which

hundreds of bodies are attracting each other, the disturbances are al-

most numberless ; though multitudes of them are too minute to be

perceived. The two which have now been noticed—namely, the ret-

rogradation of nodes, and the advance of apsides—are among the

most prominent. And though in some instances they are exceedingly

minute, they at length become apparent, because they go on accumu-

lating for ages instead of oscillating back and forth. The equinoxes,

though they have an oscillatory inequality in their motion, are yet

perpetually receding on the ecliptic, and must continue to do so while

the earth exists. And the apsides, in like manner, are always moving

fonoard in the same direction in which the planet moves.

It is worthy of notice, that while the mutual attractions of the

planets disturb the orbits, they do not derange them. When the

learner first considers the fact, that the sun and moon are perpetually

pressing the equator of the earth towards the ecliptic, he is almost com-

pelled to infer that it will be brought nearer and still nearer, until at

length the two planes will coincide, and all distinction of seasons

win disappear in every latitude of the earth. The sun will always

culminate vertically at the equator ; at the poles he will always be

seen circulating about the horizon. But this calamitous derangement

never can occur ; the revolution' on the axis prevents it. The combi-

nation of the ^liJO movements is, as we have seen, a simple retrocession

of the equinoxes, which involves no change in the succession of sea-

sons.

So, too, when the student of astronomy learns that the outer planets

draw the earth away from the sun most of all at the aphelion, where

it is already at the greatest distance, he seems to see this aphelion

distance becoming greater and greater, as ages pass on, and the peri-

helion, of necessity, during the same ages, drawing nearer and nearer

(as I move this ball in more and more eccentric ellipses about the

lamp) until the condition of the earth's climate becomes fatal to every

living thing. At the perihelion, the earth is subjected to an intolerable

heat ; at the aphelion, to a cold equally intolerable. But calculation

and experiment both show, that the aphelion point, instead of being

removed from the sun, by the attractions of the outer planets, will

simply slide around, keeping its distance from the sun the same as

ever. The planets have too much stability to be seriously deranged

in respect to their orbits by the influence of outsiders.

This preservation of safe relations among the planets, in the midst

of unceasing changes and disturbances, is one of the most interesting

facts presented to the mind of the pupil in astronomy. He who made

the countless spheres, ordained the laws of their motion ;
and those

laws, by their perfect operation, secure the utmost peace and harmony,

though worlds, thousands of miles in diameter, are rushing through
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space with a velocity which it is fearful to contemplate.
^
Huge as are

these masses of matter, and terrific as are their velocities, they are

perfectlv controlled by their Omnipotent Lord, v/ho subjects them to

those few and simple laws with which we all have to do in the actions

of every-day life.

[Since the delivery, in January last, of this ingenious and interest-

ing lecture, the motions of the rotascope or gyrascope, as it is now
caUed, has unexpectedly become a subject of general popular interest,

and thousands of copies of a simple form of the instrument are now
manufactured to gratify the public curiosity. The explanation of the

principles of compound rotary motion is as old as the day of Newton,

and the experimental illustrations given in this lecture have been

annually exhibited by Professor Snell to his class in Amherst College

for upwards of twenty years.

The following remarks may, perhaps, serve to make the brief ex-

planation of Professor Snell of the horizontal rotation a little more

easily understood. Suppose the horizontal axes (fig. 10) placed

north and south, and the wheel revolving towards the east, then the

particle A will tend to move eastward by the rotation and northward

by the action of gravity ; the resultant will therefore fall between

these two directions, but much nearer the former, on account of the

greater force. The tendency will therefore be to turn the plane_ of

the disk outward, which, on account of the fixed position of the point

B, must carry the point D backwards. The same statement may be

made with regard to the motion of the lower point of the disk, which

conspires with the upper to produce a motion of the system in the

same direction.

An interesting application of the principle of compound rotation

has lately been made to the explanation of the lateral deviation of a

ball from a rifle-bore cannon. The deviation is always in the same

direction, and is the result of the same kind of action which produces

the horizontal rotation of the system exhibited in the experiment

(fig. 10) of the lecture. J. H.]



METEOROLOGY.

ABSTRACT OP OBSERVATIONS MADE DURING THE YEARS 185.1, 1854, AND

1855, AT SACRAMENTO, CALIFORNIA.

BY THOMAS M. LOGAN, M. D.

GENERAL REMARKS.

Tlie following observations and tables have been carefully drawn

up and verified for future comparative reference. As the initiative of

a series of more comprehensive and perfect observations, wliich it is

proposed to prosecute for several successive years, they are now pre-

sented for record among the reports of the Smithsonian Institution.

The increasing rigor which advancing physical science exacts before

generalizations can be reliably deduced, especially requires the adop-

tion of such a course, in a new country like this, possessed as it is of

one of the most extraordinary climates known. In frequent instances

discrepancies will be found between the present tables and those pub-

lished^ in the reports for 1854, originating in errors of copy and ty-

pography, and which are now corrected. The barometric and thermo-

metric computations are the result of three daily observations. Prior

to April, 1854, they were made at 8 a. m., 3 p. m., and 10 p. m.;

since that date, at sunrise, 3 p. m., and 10 p. m. Henceforth they

will be continued, in accordance with the uniform system of observa-

tion adopted by the Smithsonian Institution, at 7 a. m., 2 p. m., and

9 p. m. The course of the wind was also noted three times a day,

corresponding with the above periods, as well as the state of the

weather in relation to clearness, cloudiness, and rain. By clear days,

is meant entirely clear—i. e., no clouds whatever being visible at the

time of observation ; by cloudy^ that some clouds were visible when
it did not rain ; and by rainy days, that more or less rain then fell

without reference to quantity. The dew-point was taken at the driest

time of the day only, (3 p. m.,) from July, 1854, to November,

1855, with Daniels' hygrometer ; since then, it has been calculated

from three daily observations with the wet and dry-bulb thermometer.

The three tables of hourly observations for twenty-four successive

hours, are the first of a series to be repeated four times every year, at

or about the period of the solstices and equinoxes, for the purpose of

determining the corrections to be applied, in order to render compar-

able with each other, the reeords made at different periods of the day.

It will be perceived, in these "term observations," that the horary-

oscillations of the barometer present in a marked degree the two di-

urnal maxima and minima which obtain within the tropics. From a

register kept with an extremely sensitive open-cistern barometer for

six months, from the 1st of April, 1855, to September following, in-
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elusive, for the express purpose of testing the regularity of the ebh
and flow of the au'ial ocean, it is ascertained that the mean monthly
range between the sunrise and the 9^ a. m. readings, amounted to

1.07 inch plufi, in favor of the latter hour ; whereas, betv/een the

3 p. m. and the 9| p. m. readings, the mean monthly range was only
0.46 inch plus, in favor of the last hour. These observations v/ill be
continued for six months longer, in order to determine whether the
fluctuations of atmospheric pressure occur as regularly in the same
ratio and degree during the rainy season. The instruments employed
were all placed in the open air on the north side of the lower story of a
brick building, in a sheltered projection, and protected against the
eff'ect of either direct or reflected insolation, as well as against noc-

turnal radiation. In consequence of the care exercised in this re-

spect, the figures of the thermometer ranged generally lower during
the summer than those of other observers in the city. It is necessary
to add, before proceeding to the special remarks for each year, that,

according to recent observations by the Aneroid barometer, the altitude

of the city may be put down at thirty-nine feet above tide-level. The
latitude is 38° 34' 42" north, and the longitude 121° 40' 05" west.

REMARKS FOR 1853.

With the exception of the winter of 1849-'50, which, according to

the representations of those who then resided here, was a season of al-

most continual rain-storms, that of 1852-'53 ranks thus far as the most
notable for its high winds and heavy rains. The high northwest
wind which set in a few days after the great fire in November, 1852,
was succeeded by deluging rains, accompanied with strong wind from
the southeast. The Sacramento river, which drains about 15,000
square miles before reaching the city, rose above its natural banks
higher than was ever before known, converting the streets of Sacra-

mento into flowing streams and bottomless quagmires. On the 1st of

January the city was totally submerged. Dense fogs prevailed during
the greater part of the days of the 3d, 4th, 13th, 14th, 17th, 18th,

19th, 20th, 21st, and 22d, which, in connexion with the predomi-
nance of southerly winds and the frequent fall of rain, caused a de-

gree of humidity amounting almost constantly to saturation. Feb-
ruary was comparatively a dry month. On the 5th the streets of
Sacramento began to be passable, and in many points manifested in-

dications of desiccation ; while the river fell steadily, notwithstand-
ing the rains towards the latter part of the month. On the night of

the 22d there was a rain-storm from the southeast ; after which date

it rained more or less until the 25th, when it blew a gale from the
southeast, with heavy rain at night. By the 6th of March the Sa-

cramento river had fallen unusually low for the season, and the streets

of the city, thus thoroughly drained, were drying up rapidly under
the influence of a hot sun—the thermometer at 3 p. m. reading 75°.

On the 8th heavy rains commenced falling again, and the weather
continued variable to the end of the month. Nothing worthy of note
occurred at the date of the equinox ; but on the 28th, one of the

heaviest rains ever measured here was found to have fallen, amount-
ing to about five inches. On the following day the Sacramento river
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was found to have risen twelve feet in twenty-four hours, overflowing

its natural banks, and cutting off all communication with the interior

by stages. On the 31st the American river, which empties into the

Sacramento on the north side of the city, fell four feet in twenty-four

hours ; but the height of the Sacramento river remained unchanged,
having attained within three inches of being as high as it was on the

1st of January.
April 1.—The river commenced backing up through a break in the

levee at Sutterville, about two miles south of the city, and continued

to rise at the rate of one inch per hour until the streets were again

overflowed on the morning of the 2d, On the 4th heavy warm raitva

from the south commenced falling ; the weather became genial, and
vegetation began to burst forth. Notwithstanding the river began to

fall slowly and steadily, it was still kept high by these spring showers.

On the 13th, during a heavy shower from the south, vivid flashes

of lightning, followed quickly by thunder, were witnessed ; which
phenomena also occurred on the iTth and 29th. At the latter date

the rain was ushered in by a sprinkle of hail from a nimboid-cumulus
from the southeast. The severest storm of the season occurred on the

night of the 16th, the wind blowing a gale from the southeast, accom-
panied by rain.

May was unusually boisterous ; high winds prevailing frequently

from the south and southwest. The last shower of the regular rainy

season occurred on the 20th. There was afterwards a sprinkle ( n the

28th and 29th. At the close of the month the river was within a few
inches of the top of its natural banks, and still falling very slowly.

June was the hottest month in the year, and was generally so

throughout the State. On the 19th the barometer fell to the mini-

mum of the month, lower than it was ever known, with the wind
strong from the southeast. This uncommon disturbance of the equi-

librium of the atmosphere was followed by no other appreciable effects

here than a considerable moderation of temperature, and a brisk

shower of rain on the 26th ; an unusual occurrence in June. The
mean temperature was 80° when the sun entered Cancer, and the

mean reading of the barometer was 29.25 inches: weather clear, and
wind veering from south to northwest.

July was rendered most agreeable by a greater proportion of rela-

tive moisture in the atmosphere than is usually found during mid-
summer, and which may be attributed to the prevalence of southeast

winds. Two sprinkles of rain—one on the 17th and the other on the
21st—occurred this month. That on the 17th happened about sunset,

when a beautiful rainbow was refracted.

August was characterized by remarkably cool nights. The minima
observed on the nights of the 13th and 31st were 51° and 50° respect-

ively.

September was comparatively a sultry month ; the wind being gen-
erally very light, particularly during the last four days. A brisk

shower of rain occurred at daylight on tlie 15th, with the wind from
southwest, and the barometer reading 29.90 inches. On the 22d, the
mean reading of the barometer was 30.05 inches, and of the ther-

mometer 74° : sky clear, and wind southerly and light.

13
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Octo"ber opened with calm sultry weather, which continued during

the first six days ; afterwards it became variable. The first rain of

the season I'ell before daylight on the 10th. During the last half of

the month the wind prevailed strong from the northwest, and on the

last three days it was very high.

On the 4th of November the regular rainy season may he said to

have set in, although the quantity of rain that fell did not amount to

more than about an inch and a half for the whole month.
December was throughout a cold month. Hoar frosts were frequent

and vegetation was completely arrested. There were eight foggy

days this month ; two entirely so. On two afternoons these logs

gravitated towards the earth in the form of mist
;
generally, however,

they were dissipated before noon. At the period of the winter solstice

rain fell, and the thermometer sank to 32° at sunrise ; the wind blow-

ing fresh from southeast, and the barometer reading 30 inches. The
year ended cold and clear, with the wind from northwest.

Our tables for 1853 are not as complete as we could have desired,

because we were not provided in time with the necessary meteorologi-

cal appliances ; and, consequently, the monthly quantitative fall of

rain cannot be put down with scientific accuracy. The annual amount,
however, recorded in the table, approximates very nearly, the true

measurement.

REMARKS FOR 1854.

The opening month of this year is notable for its unprecedented

low temperature. For the first five days the mornings were foggy,

the wind remaining all the time very light from northwest. On the

morning of the 5th the barometer lell suddenly 0.30 inch, and in

the afternoon a gale set in from the nortliwest and blew violently for

twenty-four hours. On the next morning, Sutter lake, situated at

the northwest angle of the city, was frozen over, and the thermome-
ter at 8 a. m. read 32°. From this date to the 20th the weather

was variable. The rains were cold and generally accompanied with

high wind from southeast. On the 15th the Coast range* of mountains
presented the novel appearance of being covered witii snow in their

whole extent, and on the 20th the thermometer fell to the lowest point

ever before observed since the settlement of the country, viz : 19° at

T a. m., and did not rise above freezing the whole day. So per-

sistent was the cold that Sutter lake remained frozen over for twenty-

four successive hours. The mean temperature for four days, from the

19th to the 23d, was 29°. From all the inlbrmation that can be ob-

tained from the oldest settlers, the greatest degree of cold previously

observed was in December, 1850, when the thermometer fell to 26°.

* The Sierra Nevada lie parallel to the coast of the Pacific, and, as their name imports,

this lofty range of mountains is always more or less capped with snow. But between

the latitudes 34° and 41'^—between San Buenaventura and the Bay of Trinidad—there

runs west of the Sierra another smaller chain called the Coast range, of which Monte del

Diablo, 3,7G0 feet, Mount Ripley, 7,500 feet, and Mount St. John, 8,000 feet high, according

to Milleson, are the culminating points. In the valley between this Coast range and the

Great Sierra, varying in breadtli from 40 to 80 miles, according to Fremont, flow from

the south the river San Joaquin, and from the north the Sacramento.
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February was the most rainy month thus far observed, both as re-

gards the quantity tliat fell and the number of rainy days. On the

28th there was a considerable s])rinkle of hail, attended with light-

ning and thunder, from a nimbus coursing from west to east,

March was stormy, higli winds prevailing from almost every point
of the compass. Most of tlie rain that fell this month waa ou the
13th, 14th^ and 15th, the wind veering about and blowing, at one
time, strong from the northeast, which is unusual. Immediately after

this the Sacramento river, which had remained at a very low stage all

the winter, commenced rising suddenly and soon reached twenty feet

two inclios above low-v/ater mark. It soon, however, began to fall

again. When the sun entered Aries the weather was fine and clear
;

wind northwest; mean temperature 61°
; mean reading of barometer

30.16 inches. On the 30th a comet was visible in the western hori-

zon at about 8 p. m. It bore northwest by north, with an altitude of
about 20°

; length of tail about 6°, extending towards the zenith.

April, although preceded by the coldest v/inter yet observed, was,
from its inception, literally the opening month, and towards its latter

end vegetation was as much advanced as at the corresponding period
of the previous year. A coincidence worthy of note, inasmucli as

these phenomena are so seldom witnessed, was the occurrence of light-

ning and thunder on the 29 th of the same month last year as well as

at the same date this year, accompanied by hail from a nimbus cours-
ing southeast ; the mean reading of the barometer on the latter date
being 29. DO inches, and of the thermometer 60.03°.

May was characterized by capricious weather, vacillating between
winter and summer. Two more thunder-storms, attended with high
wind, occurred, one on the 6th antl the other on the 18th. The for-

mer^ though less severe in tlie neighborhood of the city than that of
the 29th April, seemed to spend its chief fury, accompanied with
hail, in its course from southwest, extending from a point about eight
miles from the city to an unascertained distance beyond. This storm
which lasted fifteen minutes, was so severe at a place called Spanish
Ranch, in the American valley, that the inmates were obliged to bar-
ricade the windows and doors to prevent them being blown in, and
two of a herd of cattle were killed by lightning. The barometer did
not read lower here at the time than thirty inches. The great annu-
lar eclipse of the sun was well observed here on the 26th, the sky
being entirely cloudless. At the period of the greatest obscuration
the landscape presented the same appearance as when viewed through
glasses of a neutral tint, and totally different from the shades of
evening. The sky was of the deep greenish blue color seen in some
paintings of the Venetian school. On the following day the wind,
which had been fresh from the south^ changed to southwest, and then to
northwest, from which quarter it blew a gale from 10 a. m., for twenty-
four hours. After this it moderated a little, but continued high to the
last day of the month, when the barometer fell to its extraordinary
minimum, as in table No. 2.

June responded from the very first to the atmospheric disturbances
of the preceding month, and the established natural laws of the dry
season were infringed three different times by rain, on the Ist, 12th,
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and ITth. The rain on the 12tli was accompanied by lightning and

distant thunder, but that on the 17th was the heaviest, measuring

0.20 inch. Although June is regarded as one of the dry months,

still we find, in a journal of one of our pioneers, that "it poured

during the night of the 11th June, 1849," and, as is seen in the tables,

it has rained a little in this month every year. The wind was high

about the period of the solstice, but the barometer did not fall below

thirty inches at that date.

July was remarkable as being the hottest month yet observed.^ At

3 p. m. of the 13th, for the first time since we have been keeping a

meteorological register, the several thermometers distributed in va-

rious parts of the lower story of our brick residence marked 100° and

upwards, and remained at that height until 5 p. ra. One placed near

the door of the southern front, and somewhat exposed to the eifect of

reflected insolation, although ten feet from the sunshine, rose to 10t°.

In several wooden buildings through which the solar heat penetrated

and accumulated, the mercury was seen by us as high as 110°
;
but

this is not so high as apparent when we take into consideration the

fact that the atmosphere here is always filled in the summer season

with particles of dust and sand, which form, as Humboldt says, " cen-

tres of radiant heat." All these observations were made, although

to the windward, still near the locality of the great fire which occurred

about 3 p. m. on the 13th. Now, as the 12th, 13th, and 14th were

the three hottest days, and the mercury did not rise higher than 98°

on the first, and 99° on the last of these days, it is not unphi-

losophical to attribute the solitary instance of extreme heat to the

dryness of the atmosphere, artificially increased by the conflagration,

and which measured 42° by the thermometer of Daniells' hygrometer.

And such an inference is sustained by the fact that on the 13th the

wind was from the southwest, which is much cooler and moister than

that of northwest, which prevailed on the 12th and 14th. The mean
temperature of the hottest part of the day for the week ending July

15th, was 97°. During the last half of the month the weather mod-

erated considerably, showing a difference of about 8° between the

mean maximum temperature of the first and last half,

August was characterized by the usual atmospheric changes which

usher in the autumnal season. The night of the 16th was the hottest

night as yet noticed in the country, the thermometer standing at 82° at

10 p. m., and 70° at sunrise. On the 17th the barometer commenced
falling, and continued to do so until it reached the minimum of the

month. This variation of the usual atmospheric pressure was attended

with fresh breezes from southeast, and followed by a slight shower of

rain on the morning of the 21st. After this the weather became sud-

denly cool, the nights being quite chilly, with the thermometer rang-

ing from 54° to 60°. During this month the Sacramento river fell

to the lowest point ever known since the settlement of the country.

In September little worthy of remark is recorded. On the 14th, at

10 p. m., frequent flashes of lightning were observed in the northeast.

The equinox passed away without any other atmospheric disturbance

than a slight sprinkle of rain at daylight ; wind southwest^ fresh
;

barometer 30.08 inches, and thermometer at 58°.
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During October, indications of the setting in of the rainy season,

were developed. Although the quantity of rain that actually fell was
small, still the proportion of moisture in the atmosphere was large for

this locality and season—the-dew point having been generally only 8 or

10° below the temperature of the air ; whereas during the preceding

summer months the freedom from watery vapor, as measured by the

thermometers of the psych rometer, ranged from 20° to 30°.

Our record for November shows the most agreeable weather, the

genial etTects of which were manifested in the verdure of the fields and
fruitfulness of the gardens. In the neighborhood of the city, straw-

berries ripened on flourishing plants, and green peas were in such a

state of forwardness as to justify the expectation of their being ready

for market at Christmas.
December, another rainy month, passed away without much pros-

pect of our getting the usual semi-annual allowance of rain. From
the 4th to the 9th the fogs were so dense during the earlier part of

the day as to measure in the aggregate 0.07 inch by the rain-gage.

The first killing frost of the season occurred on the 9th. The sun
entered Capricornus during fine and clear weather. The year closed

with a strong gale and rain from southeast, which measured 0.60

inch; the barometer reading 29.78 inches, and the thermometer
54°.

REMARKS FOR 1855.

The new year was ushered in with a violent rain-storm, veering

from southeast to southwest. The barometer at sunrise stood at

29.38 inches, and the thermometer at 51°. The quantity of rain tliat

fell before 8 p. m., measured 1.12 inches. By the next morning the

weather was clear, with the wind fresh from north ; the temperature

at freezing-point, and barometer at 30 inches. After this, only a
little rain fell occasionally ; but from the 10th to the 20th, the

densest fogs and mists prevailed continuously, measuring in the ag-

gregate, by the rain-gage, 0.16 inch. Sometimes the ascending

current would for an hour or two, during the warmest part of the

day, carry oif the vapor with it ; but the wind, which was for the

most part warm, and from southeast, was too light to prevent the

re-precipitation of the excess of moisture in the air. On the 5th and
14th there was a slight fall of snow, which unusual phenomenon
was also witnessed two winters ago, at Brighton, about four miles to

the eastward. The month closed with pleasant weather, and the

verdure of the plains presented indications of an early spring.

February was characterized by the variable meteorological phe-

nomena usually attendant upon the breaking up of winter and the

opening of spring. During the first half of the month the weather

was generally pleasant and genial. On the 1st, the cowslip was ob-

served in profuse blossom all over the surrounding plains ; also, on
the 15th, the wild violet ; on the 20th, the peach tree, and on the

23d, the pond willow, (Salix nigra,) and the nemophilla, a small

indigenous blue flower. At daylight on the 24th, the thermometer
fell suddenly to the freezing-point at Sutter's Fort, the wind being
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fresh, from north-northwest. The next day the wind changed to the

southward, from which quarter it continued to prevail almost con-

stantly to the end of the month, accompanied for the most part with, a

steady, warm rain. For several days preceding the copious rains,

during the latter part of the month, the atmospheric pressure appeared

subjected to powerful disturbing influences, the barometric column

sinking to the minimum for the month, as stated in the table, on the

19th. The weather all the while remaining clear, with high wind

from northwest, and a comparatively anhydrous condition of the

atmosphere, seemed to conflict with the barometric indications of ap-

proaching rain. The heaviest rain of the season commenced falling

at noon on the 27th, and continued without interruption until 10

p. m. of the 28th, when the barometer rose suddenly one-tenth pf

an inch, and the clouds began to break away. The quantity of rain

that fell during these twenty-four hours measured 2.10 inches.

March was noted for the comparative infrequency of high winds

and rain-storms. The vernal equinox was attended with no appre-

ciable atmospheric disturbance ; the weather remaining mild, equable,

and pleasant. The thermometer, however, ranged rather higher than

us ual for the season. The deficiency of rain during the winter months

was measurably made up by frequent heavy spring showers, which

served to melt and bring down the snow from the mountains. On
the 15th the Sacramento river, which had remained at a very low

stage all the winter, rose to 20 feet 2| inches above low-water mark
;

which was within 1 foot 9 inches of the high-water mark of 1st Jan-

uary, 1853. During the two last days of the month a steady, warm
rain fell, beginning about 8 p. m. of the 29th, and continuing almost

without interruption until 9 a. m. of the 31st, when it commenced
blowing a gale from the south, with occasional heavy showers. At
the same time the barometric column sank to the minimum for the

month, but began to rise again before evening, when the gale abated.

On the afternoon of the 2fth, at 5 o'clock, a remarkable iridescence,

globular in form, and which may be termed a parhelion, was observed

at the western termination of a cloud in the southwest, about 45^

above the horizon. The beautiful prismatic tinting of this meteor,

which lasted about one or two minutes, was the subject of general ad-

miration and newspaper remark.

In April the weather was very changeable, and more snow fell on

the mountains than is recollected to have fallen so late in the season

since 1849. The coincidence, remarked last April, of the unusual

occurrence of lightning and thunder on the same day of the previous

year, was rendered still more remarkable by the recurrence of the

same phenomenon on the 14th of this month. The barometric as well

as all other changes were sudden and frequent. The minimum re-

corded in the table occurred on the 15th, the maximum on the 18th.

The maximum of the thermometer was observed on the 8th, the min-

imum on the 18th ; after which latter date a varying temperature,

with a comparative excess of humidity and southerly winds, predomi-

nated.

The most noticeable feature in May consisted in the recurrence, so

infrequent in this region, of electric phenomena on two occasions, (the
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10th and the 14th,) which happened likewise on the 6th and 18th of

the correspondin<«; month hist year, as well as on the 14th of the pre-

ceding month this year. Nothino;, however, in the way of thunder-

storms was ever witnessed here like the dense ninihus wliicli suddenly

arose from the southwest at ahout 3 p. m. on the 14tli, and discharged

its watery contents, to tlie amount of 0.80 inch of rain, over the city,

rivalling', in the vivid shocks of its well cliarged hattery, the violent

thunder-gusts of more tropical regions. As appears in thetahle, con-

siderahle" rain for the season fell, being an overplus of 0.94 inch

ahove that of May, 1854, although minus 0.10 inch of what fell in

May, 1853. During the whole month the barometer ranged uni-

formly low, and maintained a greater equability in its oscillations than

was observed for some months previously. With the exception of the

29th, 30th, and 31st, the thermometer indicated an agreeable temper-

ature, while a sufficiency of relative moisture in the atmosphere ren-

dered the weather pleasant and salutary. On these last days, how-

ever, the afternoons were oppressively sultry, in consequence of the

wind being light from northwest all day, and dying away towards even-

ing. These few uncomfortable days were more than compensated for

by delicious and refreshing nights, ''when the heavens seemed to

unfold the brightest page of their mystic lore." Indeed, no possible

combination of the great agents of nature in producing an agreeable

climate can surpass the delightful moonlight nights of Sacramento,

when fanned by the balmy breathings of the south, fresh from the

Pacific.

June was characterized by one of those extraordinary oscillations of

temperature which occasionally occur early in the summer in every

part of the North American continent, and which have been found to

return on an average of every ten or twelve years at several stations

where observations have been made through a series of years. On
the 21st the thermometer rose to 100°, and on the 22d in many places

beyond that point. This elevation of the temperature to 100°, at the

period of the solstice, appears to be not more extraordinary for Sacra-

mento than for other places at the same parallel of latitude. Rich-

mond and Washington, isotherraally considered, many miles north of

Sacramento, are likewise occasionally subject, the former to a maxi-

mum temperature of 102° and the latter 100°, during the month of

June. The condition of the atmospheric pressure was also peculiar.

During the earlier part of the month the barometric column sank to

the minimum, as recorded in the table, without any other appreciable

sequence than some increase in the relative humidity of the atmo-

sphere. During the whole month it maintained a more or less low

position, except on the 11th and 12th, when it rose nearly as high as

at any (jther time during the month, although on these very days we
were visited with light showers of rain from the south. On the 25th

the barometer fell again as low as it did in the earlier part of the

month, when the wind commenced blowing fresh from the south, and
afterwards, on the 28th, changed to the northwest. The effect of such

hot weather, so early in the season, proved disastrous to the agricul-

tural interests, by developing the eggs of the grasshopper—a species

of gryllidcG—six weeks earlier than they were hatched out the year
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previous. There is no animal that multiplies so fast as these, if the

sun be hot, and the soil in which the eggs are deposited be dry ; and
it is apprehended^ for these reasons, that these destructive insects

may reappear whenever the liot weather sets in early.

July presented a most favorable specimen of our summer climate,

as if in compensation for the excessive solstitial heat of the preceding

month. There was scarcely a day in which the air was not refriger-

ated by southerly breezes. The barometer ranged persistently low,

and the atmospheric disturbance, indicated by its sinking to the mini-

mum on the 14th, was followed by accounts of showers of rain in va-

rious parts of the surrounding country from Yreka to San Francisco.

There was no rain at this point, but an increase of the humidity of

the atmosphere was manifested on several occasions by the formation

of clouds, and on the 18th vivid flashes of lightning were witnessed

in the eastern horizon.

In August there predominated a comparatively large proportion of

the relative humidity of the atmosphere, accompanied by an almost

constant prevalence of southerly winds, and a persistently low range

of the barometer. These phenomena were followed in some parts of

the State by early rains. In Nevada, Sierra, Butte, and Plumsis,

heavy showers were reported to have iallen on the 19th. At the same
date it was cloudy here, and the relative moisture at the driest time

of the day amounted to 50 per cent, of saturation.

In September the first rains of the season occurred antecedent to

the equinox. After the prevalence of a high wind for twelve hours, at-

tended with flitting clouds from the southwest, a nimbus passed over

the city about sunset on the 15th, dropping an almost imperceptible

sprinkle, and displaying a beautiful iris in the northeast. A heavy

bank of clouds was then seen to settle over the Sierra Nevada, occa-

sionally giving forth flashes of lightning. On the next evening, the

wind still prevailing from the same quarter, we were visited by a

shower sufficient to clear the atmosphere of dust for a short time.

Again on the following evening a heavy nimbus was seen to pass

from west-southwest to southeast, emitting vivid flashes of lightning,

followed by audible thunder. Prior to these occurrences the barom-

eter manifested considerable perturbation ; sinking to the minimum
on the 10th, and ranging generally low during the whole month.

During the latter part of the month was experienced somewhat of the

sultry, stagnant condition of the atmosphere which is peculiar to the

season when the wind is light from the northwest.

October furnished further indications of the advent of the rainy

season. The relative moisture of the atmosphere had been for some
time gradually augmenting in per-centage, when, on the morning of

the 2yth, saturation manifested itself in the mist that prevailed until

10 a. m. The greatest degree of humidity previously observed was
on the 24th, the day of the eclipse of the moon, when the relative

moisture at the driest time of the day was 67 per cent., and the abso-

lute humidity 6.07 grains in each cubic foot. During the whole time

of the Ivmar obscuration the atmosphere was transparently clear, and
the phenomenon was seen perfectly through its progress ; the ther-

mometer ranging from*63° aty/i. 34?w. p. m.^ to 55° at Ih. 5m. a. m.
;
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the barometer reading at the same time 30.04 inches, with the wind

light from the northwest.

In November the large proportion of aqueous vapor which had been

accumulating for some time previously, was condensed by the high,

wind from northwest, which prevailed strong during the first five

days, and during one day, the 3d, very high. While this natural

operdtion was going on, the evolution of electricity was satisfactorily

demonstrated by the magnetic telegraph, the wires serving to collect

and conduct off some of the abounding electricity of the air. On the

2d, the battery at Marysville was detached, and the communication

preserved without its agency. On the following morning thin ice was

seen at daylight on a neighboring farm, and the potato, watermelon

vines, and okra showed in their blackened leaves the effects of the first

frost. Cloudy weather, with southerly winds, soon succeeded, and on

the night of the 9th the rain came. On the 10th frequent flashes of

lightning were observed about 11^ p. m. in the northern horizon. Af-

ter four days of occasional light rains, the weather cleared up, and
light northerly winds j)revailed until the 21st, when the barometer

fell suddenly from 30 to 29.80 inches, the minimum for the month,

with the wind fresh from southwest. This variation of atmospheric

pressure was ascertained by means of the telegraph to be simultaneous

at various points, from Downieville to San Francisco. At the latter

place a light rain commenced falling on the same evening, while at

the same period a remarkable corona of three concentric rings of dif-

ferent colors, pale red, blue, and white, close to the moon, was ob-

served in this city, revealing the presence of rain, or rather sleet, in

the higher regions of the atmosphere. Before the succeeding morn-

ing a sprinkle reached us, which was followed up in the'evening by a

steady light rain, with a fresh breeze from southeast, until 9 a. m. of

the 24th, measuring 0.235 inch. After this the wind changed to

the dry quarter, northwest, but was too light to disperse the evapora-

tion which was precipitated in the air during the night, and on the

morning of the 25th a dense fog prevailed until the ascending current,

at 11 a.m., carried off the vapor with it. On the following day the

breeze came fresh from northwest, and the barometer reached its maxi-

mum for the month. After this the weather became variable. On the

28th a light rain fell from 10 a. m. to 1 p. m., measuring 0.123 inch
;

and again, on the 30th, another little shower, from 4 to 6 p. m.,

measuring 0.024 inch. The mean relative humidity for the month
was sixty-four per cent. The phenomena incidental to December in

the north temperate zone, of decreasing days, gloomy fogs, saturating

rains, piercing winds, and chilling frosts, concluded the train of the

departing year ; fulfilling, in the order of their recurrence, the laws

which were put in force by the Creator, when the foundations of the

earth were laid. 'Although the month opened fair, the weather mani-

fested, by a sprinkle at 12 m. on the 2d, symptoms of variableness,

which obtained until the 7th, when the heaviest rain of the season,

from southeast, f^ll between the hours of 1 and 4| p. m., measuring

0.610 inch. On the night previously, at about 10-| p. m., there*

was a slight fall of snow, just sufficient to make the phenomenon ap-

parent, it was of short duration, and was followed immediately by a
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light shower of rain. From this date to the 24th there were only two
days entirely clear, thirteen cloudy and rainy, and two foggy days.

The quantity of rain which fell in the aggregate during this interval

amounted to 0.6'72 inch.

Notwithstanding this long continuance of unsettled weather which
prevailed generally throughout the interior of the State, the atmo-
gpheric pressure at the same period manifested no unusual disturbance

—the barometer never falling below 30 inches, and, indeed, reading

as low as that point only twice, and for a short time : once on the

6th, when it snowed, and again when the sun entered Capricornus.

In the table of hourly observations at this latter period will be noted

the gradually j^rogressive rise and fall of both barometer and ther-

mometer during the twenty-four hours. At 9 a, m. the temperature

was three degrees lower than at 4 a. m. , while the atmospheric pressure

was .03 of an inch, increased by the veering of the wind to the west-

ward. At 10 a. m. the sky appeared almost entirely clear^ but by
3 p. m. it became almost entirely cloudy, although the wind had in-

creased in force from the west. At 10 p. m. a large halo of the moon
was observed, consisting of a single luminous circle of about 45°

diameter ; and again at 2 p. m., when the sky had become almost

entirely cloudless, a corona of three faint concentric rings, apparently

about 5° in diameter, encircled the moon. Notwithstanding these

indications of the surcharge of the upper regions of the atmosphere
with humidity, the wind freshened up from northwest in the afternoon,

and by 9 p. m. the sky was entirely clear. Before morning the ther-

mometer fell to the extraordinary minimum of 25°, and the barome-
ter rose to 30.08 inches. On the succeeding day the sky was entirely

overcast, and although the lower current of air continued fresh from
northwest, the rising of the barometer from 30 to 30.12 inches, under
such circumstances, indicated some unusual pressure of the atmo-
sphere. As the sequence demonstrated, this barometric oscillation

was attributable to the marginal accumulation of air around the

storm, which was heralded on the morning of the 26th by an unpre-

cedented fall of snow, the lower current of air still prevailing light

from the north. Simultaneously a rapid diminution of atmospheric

pressure was manifested, and by 10 p. m. it was blowing a gale from
southeast, the rain, Avhich had been falling all day, now coming with

gusts, from low clouds driven before it. At 7 a. m. on the 27th,

when the storm had reached its terminal point in this quarter, the

barometer sank to its minimum, 29.78 inches, and the thermometer
read 49°. At 9 p. m. following, the barometer had attained its or-

dinary altitude of 30 inches, and the temperature was six degrees

less than at the sunrise observation, while the sky was almost en-

tirely clear, with the breeze fresh from northwest. The snow-storm
lasted from 6 to 10 a. m., and the quantity that fell amounted to 0.016

inch when melted and measured by the rain-gage. The aggregate of

melted snow and rain which fell from 6 a. m. of the 26th to 10 a. m.
of the 27th, measured 0.725 inch. The effect of the rains thus far

' upon the river was to raise it about 30 inches above low-water mark.
Accounts from the interior represent the fall of snow as very great,
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and, consequently, the river may not be much affected thereby until

the warm rains of spring.

From the '^Tth to the close of the month the weather remained

clear and cold, with the wind steady from north and northwest, with the

exception of a part of the day of the oOth, when it veered to east and
northeast, the barometer nearly all the time remaining stationary at

about 30.15 inches, and never attaining the maximum it previously

reached on the 9th, 13th, 14th, 16th, and 17th, The mean temperature

of the four last cold days of the month was 34°, being 5° plus the

mean temjierature of the four coldest days, from the 19th to the 23d

January, 1854. The mean of all the highest readings of the ther-

mometer by day was 56.04°, and of all the lowest by night 44.03° :

the 'mean dail.y range of temperature during the month was, there-

fore, 12.01°. The mean degree of humidity was 0.818, complete

saturation being represented by 1,000.
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TABLE No. 3.

Observations for twenty-four successive hours, taken on the Idth of
June, 1855.

Hour.
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TABLE No. 4.

209

Observations for twenty-four successive hours, taken on the 22d of
September, 1855.

Hour.

4 n. Ill

') a. m
(> a. m
7 a. m
5 a. m
y a. m
10 a. m
11 a. m
12 m
1 p. m
2 p. m
3 p. m
4 p. m
5 p. m
€ p. m
7 p. m
S p. m
9 p. m
10 p. m
11 p. m
12 p. m
1 a. in

2 a. m
S ft. m
4 a. m

Barometer.

IncheA.

21). 1)0

29.89
29.86
29. 88

29.90
29. 93

29. 93

29. 90
29. 89

29.90
29.90
29. 90

29. 92

29. 93

29. 93

29.92
29.92
29.92
29.93
29.93
-29.92

29.92
29. 93

29.94
29.94

Tlicrmom-
etcr.

54
54
5G
56

59

Gl

65

66

68

09

72

73
72

70
67

66

64
62

58

57

56

55
55

54
54

Clouds, their

course and
velocity.

2—S.

2—S.

2—S.

2—S.

1—S.

1—S.

1—s.

1—s.

1—s.

1—s.

1—s.

1—s.

0----

W. 1

W. 1

W. 1

W. 1

W. 1

W. 1

W. 1

W. 1

W. 1

W. 1

W. 1

W. 1

Wind, direc-

tion and
force.

S. 1....

S. E. 1

S. E. 3

S. W. 3

S. W. 3

S. W. 3

S. W. 1

S. W. 1

8. 1 ...

S. E. 2

S. 1 ...

S. 1 ...

8. 1 ...

S. 1 ...

S. 1 ...

S. 1 ...

S. 2 ...

S. 3 ...

S. 3 ...

S. 3 ...

S. 3 ...

S. 3 ...

S 3 ...

S. 2 ...

S. 1 ...

Dew-point.

48

47
46

45
43
45
47
48

49
46
49
48
48
50
52
52

45
43
45
48
48
49
50
50
52

Relative

humidity.

.827

.802

. 729

.706

.600

.60S

..574

. 574

.557

.494

. 493

.465

.479

. 540

.630

.648,

.555.

. 552:

.663.

.753

.77d

.824

.848

.876

.934

Remarks.—The departure of the mean daily temperature from the average of the same
day for three years was 7.01° minus.

The reading of the barometer varied 0.18 inch minus from that of the same day last

5'e«r, and 0.13 inch minus from that of the 22d fSeptember, 1853.

The wind of the correspondinf^ day last year prevailed from S. W. fresh ; and although,

there was a slight sprinkle at daylight on the same day, the sky was clear for the remainder.

On the 22d September, 1853, the wind was high from the N. W.. and slvj. entirely cleaSv.

14
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TABLE No. 5.

Observations for twenty-four successive hours, taken on the 22c? of
December, 1855.

Hour.



METEOROLOGY.

REMARKS

QUANTITY OF RAIN AT DIFFERENT HEIGHTS.

BY PROFESSOR O, W. MORRIS, of NEW YORK.

At a meeting of the Lyceum of Natural History of New York in

1846, and at the meeting of the American Association for the Ad-
vancement of Science, at Albany, in 1851, some account was given of

the quantity of rain at different heights, with the hope that some

other observers would, from the few hints given, take up the subject,

and furnish some more definite information than was yet known,

especially in this country ; but nothing has yet fallen under my obser-

vation. "Absence from the State, and other causes, hindered me from

prosecuting the inquiry till 1854, when a gage, such as is used by the

observers of the Smithsonian Institution, was placed on the observa-

tory of the Institution for the Deaf and Dumb, in New York city, and

a similar one on the surface of the ground ; the upper one eighty-five

feet above the lower.

From observations with these instruments, it has been ascertained

that the difference in quantity depends upon a variety of circumstances

;

for the quantity is generally increased in a sudden thunder-shower,

or violent wind ; while with but little wind or a moist atmosphere

preceding the rain, the difference is slight. Thus, in twelve thunder-

storms which occurred in twelve months, the lower gage afforded

8.33 inches, and the upper 5.35 inches, showing a difference of 1.98

inches ; while in twelve storms which occurred with light winds or

none at all, the lower gage afforded 4.75 inches, and the upper 4.05

inches, showing a difference of only 0.70 of an inch.

With a moist atmosphere preceding seventeen storms, some of

them long, the low^er gage afforded 11.73 inches, the upper 7.97, a

difference of 3.76 inches ; and with a dry atmosjihere preceding the

storm, thirty-eight storms afforded in the lower gage 31.37 inches,

and the upper 23.13 inches, showing a difference of 8.24 inches. In

the first instance the average difference for each storm was about 0.21

inch ; in the latter, it was 0.22 inch. It would therefore seem that

whenever there is much disturbance by winds, &c., there is less abil-

ity in the vapor to rise to any considerable height, owing, in part, to

the increased weight of the falling fluid ; or else there is a more rapid

condensation of the vapor at the surface of the earth, which agrees

with the theory of Mr. Russell.

Whether this theory be the true one or not^ there is much plausi-
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"bility in it, and in many cases it is applicable, while in a few it fails

to apply, especially in long-continued rains.

A satisfactory theory has yet to be established, and the facts that

have been, and are now collecting, will serve to suggest some import-

ant rules on this branch of meteorology.

If proper meteorological apparatus could be procured, carefully

watched, and the facts noted by a sufficient number of observers at pro-

per distances from each other, correct comparisons might be instituted,

and data furnished for establishing fixed principles to guide the student

of nature in his search for truth ; but in this country the state of society

and the circumstances of most of those who would engage in the enter-

prise debar them from its successful pursuit. It can only be carried

on by the aid of government, or the liberality of the wealthy. When
either of these is given, then will meteorology in our country make
itself known and felt by its beneficial results to society ; and not the

least among these will be such as follow the investigation of the laws

governing the precipitation of water from the atmosphere.

With the apparatus mentioned above, the following results have
been obtained

;
premising, hoAvever, that during the months of win-

ter no record of the difference was kept, as the drifting of the snow
and other causes rendered the observations not reliable. A record

was kept of the direction of the wind, the height of the mercury in

the dry and wet bulb thermometers, with the relative humidity and
force of vapor, the duration of the rain-storms, as well as the quantity

of water collected in each gage. To note all these circumstances in

this paper would make it too long, and be interesting to only a few
;

therefore the aggregate results for each month will be mentioned.

Number of storms. Prevailing wind.

1854.

April -6
I

Easterlj-

May - -6 do
June - 7

I
do

July 2

August -2

October. - 4

November 4

1855.

April 6

May .3

June -.8

July 7

August 4

Mean 5

do...,

do....

....do....
Westerly

.

Quantity.

Upper gage.
|

Lower gage. Lower, -f-

Difference.

.-..do...
Easterly

do...
do...
do...

Inches.

2.703
3. 12

1.68
2.20
3.20
1.67
2-. 81

2.42
3.50
4.10
3.44
2.06

2.742

^iiclies.
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The greatest monthly difference was in July, 1855, when it was 2.02

inches ; the g^reatest in any one storm was in November, 1854, a dif-

ference of 1 18 inclics; the storm was of about twenty-two hours' con-

tinuance, and the wind west. The least monthly difference was in

April, 1855—0.44 inch ; and tlic least in anyone storm was in July,

1855—0.02 inch. The storm was about twelve hours' duration, and the

wind northeast, and light; the air on the previous day was damp, and
but little wind. The quantity for the six cooler months Avas 2fj.22

inches in the upper, and 22.94 in the lower gage, showing a difference

of 6.72 inches. The quantity for the six warmer months was 16.69

inches in the upper, and 23.35 inches in the lower, a difference of

6.66 inches, showing a difference of only 0.06 inch between the warm
and cool months. There were seventeen storms in which the atmo-
sphere preceding their commencement was moist, when the difference

was 3.76 inches; and thirty-eight storms in which it was dry, with
a difference of 8.24 inches. The difference in thirteen thunder-showers
was 2.98 inches, in a quantity of 5.35 inches in the upper, and 8.33

inches in the lower; and in a quantity of 4.05 inches in the upper,

and 4.75 inches in the lower, there was a difference of 0.70 inch,

when there was little or no wind. The general result for the twelve

months is 32.90 inches inthe upper, and 46. 29 inches in the lower gage, a

difference of 13.39 inches. Of the storms, thirty of them occurred with
the wind easterly, and the difference in quantity was 6.98 inches;

eleven of them, with westerly winds, with a difference of 1.40 inches
;

nine, with the wind varying from west to east, and vice versa, with a

difference of 2.60 inches ; two, with south wind, and a difference of

0.21 inch ; four, with a gale from northeast, with a difference of 2.01.

and one varying from southwest to northeast, and a difference of 0.86

inch. The greatest difference for the time of continuance was in one
of about forty-five minutes' duration, with but little wind, when it

was 0.37 inch in 1.28 in quantity ; the wind was west.

These facts are thrown out for the consideration of observers, in the

hope that some system may be adopted by which more accurate obser-

vations will be secured.

REMARKS BY THE SECRETARY OF THE SMITHSONIAN INSTITUTION.

The subject of the difference of rain at different elevations has re-

ceived much attention in this country and in Europe ; though more
investigations are required to settle definitely all the principles on
Avhich it depends. It would appear that the greater part of the

observed difference is due to eddies of wind, which carry the air con-

taining the falling drops more rapidly over the mouth of the upper
gage than it would pass over an equal portion of the unobstructed

surface of the ground. Professor Bache found, from a series of ob-

servations on the top and at the bottom of a shot-tower in Philadel-

phia, that not only was there a difference due to elevation, but also

to the position of the upper gage, whether it was placed on the wind-
ward or leeward side of the tower. It would also appear, that

when the air is saturated with moisture down to the surface of the

€arth, the descending drop would collect at least a portion of the
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water it meets with in its passage to the ground, but the amount
thus collected would not he sufficient to account for the difference ob-
served. Besides this; the condition does not always exist ; the air

near the earth is frequently undersaturated during rain, and in this

case a portion of the drop would be evaporated, and its size on reach-
ing the earth less than it was above. If the drop is increased by the
deposition of new vapor in its descent, then the rain at the bottom
ought to be warmer than at the top, on account of the latent heat
evolved in the condensation

; on the other hand, if the drop be dimin-
ished by evaporization during its fall, then the temperature of th©
rain caught at the greater elevation ought to be in excess. That
evaporization does sometimes take place during the fall of rain, would
appear from the fact that clouds are seen to exhibit the appearance of
giving out rain though none falls to the earth, the whole being en-
tirely evaporated. That the air should ever he undersaturated during
rain is at first sight a very surprising fact ; it may, however, be ac-

counted for on the principle of capillarity. The attraction of the sur-

face of a spherical portion of water for itself is in proportion to the
curvature or the smallness of the quantity, and hence the tendency to

evaporate in a rain-drop ought to be much less than in an equal por-
tion of a flat surface of water.

If the diminution of quantity of rain at the upper station depends
principally on eddies of wind, then the etfect will be diminished by
an increase in the size of the drops, which will give them a greater

power of resistance
; and the size of the drop will probably be in-

fluenced by the intensity of the electricity of the air, as well as by its

dryness. The former, as well as the latter, will tend to increase the
evaporation from the surface of the drop.

It is a well-established fact, which at first sight would appear to be
at variance with the results of observations on towers, that a greater
amount of rain falls in some cases on high mountains than on the ad-
jacent plains. For example, the amount of water which anntially

falls at the convent of St. Bernard is very nearly double that which
falls at Geneva. This eflect, however, is due to the south wind, loaded
with moisture, ascending the slope of the mountain into a colder re-

gion, which causes a precipitation of its vapor. From what is here
said, it will be evident that the subject of rain is one which involves
many considerations, and which still presents a wide field for investi-

gation.

A series of observations have been commenced at this Institution

on the quantities of rain at difierent elevations, as well as on gages
of different sizes and forms, the result of which will be given in one
of the subsequent reports.



METEOROLOGY.

DIRECTIONS
FOE

METEOROLOGICAL OBSERVATIONS,

ADOPTED BY THE SMITHSONIAN INSTITUTION, FOR THE FIRST CLASS OF OBSERVERS.

The following directions were originally drawn up for tlie use of

the observers in correspondence with tlie Smithsonian Institution, by
Professor GuYOT, of the College of New Jersey, Princeton, and are

now reprinted, with a series of additions, for mose general distribution.

The additions are indicated by brackets, [ ].

Secretary S. I.

PLACING AND MANAGEMENT OF THE INSTRUMENTS.

THERMOMETER.

Placing.—Place the thermometer in the open air, and in an open

space, out of the vicinity of high buildings, or of any obstacle that

impedes the free circulation of the air. It should be so situated as to

face the north, to be always in the shade, and be at least from nine to

twelve inches from the walls of the building, and from every other

neighboring object. The height from the ground may be from ten to

fifteen feet, and, as far as possible, it should be the same at all the

stations. The instrument should be protected against its own radia-

tion to the sky, and against the light reflected by neighboring objects,

such as buildings, the ground itself, and sheltered from the rain, snow,

and hail. The following arrangement will fulfil these requirements,

(figure 1.)

Select a window situated in the first story, fronting the north, in a

room not heated or inhabited ; remove the lattice blinds, if there be

any, and along the exterior jambs of the window place perpendicular-

ly two pieces of board, (a h—a' U), projecting to a distance of from

twenty to twenty-four inches from the panes. At half this distance,^

ten or twelve inches from the panes, and at the height of the eye of

the observer, when in the chamber, pass from one piece of board to

the other two small wooden transverse bars, (c d, d d' ,) each an inch

broad, for the purpose of supporting the instruments. Upon the outer

edge of the boards fasten in the usual way (H H) the latticed blinds

which were removed from the jambs, or two others provided for the

purpose. That blind, behind which the instruments are to be placed,

is to serve as a screen, and must be fastened, almost entirely closed,

so as make a little more opening ; the other will remain entirely open

to allow a free access of air and light, and is not to be closed except in

great storms. The whole must be covered with a small inclined roof
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of "board, (B E,) placed at least fifteen or twenty inches above tlie in-

strument. The lower part, (J J,) or the basis, may remain open.

n Fig. 1. o'

View from the outside.

Fig. 2.

[The foregoing is a convenient arrangement by which the observa-
tions can be taken without exposing the observer to the weather. To
insure greater accuracy the windows during the intervals of observa-
tions may be closed with a wooden shutter. The outside of the lat-

tice work should be painted white, to reflect off the light and heat
which may fall upon it.]

Tha thermometer must be placed exactly perpendicular,
the middle of the scale being at the height of the eye against
the two small wooden bars^ so that the top of the scale being
fixed by a screw to the upper bar^ the bulb may pass at least

two or three inches beyond the lower bar. The instrument

Ijjujj.
is attached to the last by a little metallic clasp. (Fig. 2.)

It will thus be placed ten or twelve inches from the panes,

from the screen, and the other parts of the window.
[In a later arrangement, a single transverse bar is used.

This being placed at the necessary height, the thermometers
are attached to it by small metal brackets, which support

them at a distance from the bar of about two inches. The
metal brackets are permanently screwed to the bar, and the

thermometers are fastened to them by small finger-screws,

by which they can be detached at pleasure. The order of placing

them is shown in the cut.]

Heading.—To read the thermometer, the eye must be placed exact-

ly at the same height as the column of mercury. Unless this precau-

tion is taken, there is a liability to errors, the greater in proportion

to the thickness of the glass of the stem and the shortness of the de-

[LI

EH©'
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grws. The reading should be made at all times, and especially in

the winter, through the panes, and without opening the window;
otherwise the temperature of the chamber will inevitably influence

the thermometer in the open air. The degrees must be read, and
the fractions carefully estimated in tenths of degrees. After having

rapidly taken the observation, anotlicr should be made to verify it.

If there are several other instruments to observe, and the thermometer

is to be read first, the first reading may be made some minutes before

the hour ; the second, after the reading of the psychrometer ;
and if

there is a difference, the mean number is to be entered in the journal.

When, notwithstanding the shelter, the bulb of the thermometer is

moistened by rain or fog, or covered with ice or snow, it is necessary

to wipe it rapidly, and not to record the degree until the instrument

has been allowed to acquire the true temperature of the air.

Verification.—Verify the zero point, at the beginning and end of

winter. For this purpose, fill a vessel with snow, immerse the bulb

of the thermometer in the middle of it, so as to be surrounded on every

side by a layer of several inches of snow, slightly pressed around

the instrument. The stem must be placed exactly perpendicular, and
covered with snow as far up as the freezing-point on the scale. Let

it stand so for half an hour or more, and then read it, taking great

care to place the eye at the same height as the summit of, the mer-

curial column. If the top of the column does not coincide with the

freezing-point of the scale, the exact amount of the dififtrence must be

ascertained, and the correction immediately applied. At the same time

enter in the journal, under its appropriate head, the day on which the

expei iment is made, its quantity, and the moment at which the ap-

plication of it was commenced. [It is necessary to add that since the

zero point of the thermometer is not that of the temperature of snow
as it is frequently found when exposed to the atmosphere, but that of

melting snow, the experiment must be made in a place above the tem-

perature of freezing. Instead of snow, pounded ice may be em})loyed.]

[Green's thermometers have an arrangement by which the tube can

be slipped down the small quantity necessary to correct for this

cliange. The end of the tube is fitted into a small plate of German
silver, and this fastened by a screw to the scale. If, On testing the

thermometer, the mercury be found to stand above 32°, free the screw-

one or two turns without taking it out. and push down the plate the

necessary amount to bring the mercury to coincide. Tlie thermo-

meter must be handled with great care in making this adjustment,

and it may be well, for additional security against accident, to loosen

all the screws which fasten the bands around the tube—it will then

slide in them more freely. After aimpleting the adjustment, they

may again be set moderately tight. The object of this adjustment

being only to avoid the trouble of making a correction, it is not ad-

visable to attempt it, if the observer thinks that he risks, in so doing,

the safety of his instrument. As the tubes of these standard ther-

mometers are kept for a considerable time before fixing the zero point,

in most cases the moving will not be required. After the first year

the zero point changes little, and practically, when exposed only to

atmospheric influences, may be considered permanent.]
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SELF-REGISTERINa THERMOMETERS.

Pladiuj.—These two thermometers, indicating the maxima aflcl

minima, are to be placed beside the common thermometer, in a hori-

zontal position, with the bulbs opposite and free, on two small per-

pendicular supports uniting the two bars^, as shown in Fig. 1.

Reading.—For the reading, place the eye in such a position that

the visual ray may be perpendicular to the extremity of the index
;

enter the indications with the fractions of degrees, if there are any,

and, after having verified them again, bring back, by means of the

magnet, the indexes of the two thermometers to the summit of their

respective columns.

Verification.—Compare the indications of the two thermometers fre-

quently, and especially the spirit thermometer, with those of the

common thermometer ; verify the zeros at least twice a year', and, if

there is a difference, adjust the zero anew, if the instrument permits,

to eliminate the correction, as has been stated above for the simple

thermometer, or take this correction into account in the register.

[The maximum thermometer is subject to derangement by the

mercury getting to the side of the steel index and wedging it fast.

When such is the case, put the bulb in ice, if it is necessary to bring

the mercurial column so low, or cool it sufficiently to get all the

mercury down that will pass the index ; then move the magnet along

the tube with a slight knocking or jarring motion, and try to get the

index into the chamber at the top of the stem. If you get the index

free of the wedge, but with mercury above it, heat the bulb until all

the disjointed mercury and index are driven into the chamber, then

keep the index up by the magnet, and the mercury will go back as

the bulb cools. The great point of attention is to get and keep the in-

dex free of the wedge. Themcrcurybeingabovcjis of little consequence,

as it can readily be heated up into the chamber ;
in doing this,

most watchfulness is required in not suffering the index to wedge by

the driving mercury. If the index is so wedged that it cannot be

moved by these methods, then take the thermometer steadily in the

hand, and swing it quickly, as if you wished to throw the mercury

into the chamber at the top ; tbe index Avith more or less mercury

will be found in the chamber : if not, repeat the swinging until it is

there. Then heat up the bulb until the mercury joins that in the

chamber, keep the index up by the magnet, and let the mercury by

cooling go back in unbroken line.

In using the magnet to move the index up into contact with the

mercury, care must be taken not to urge it too strongly, or it may
enter the mercury.

In using the magnet with the spirit-thermometer, the same care is

necessary as with the mercurial, as the index may be forced out of the

spirit, entangling the vapor and the alcohol. When this is the case

the thermometer must be taken down and held vertically—a few taps

or jars will bring the spirit together. The spirit-thermometer re-

quires attention, also, in this particular. The vapor above the spirit

is apt, in time, to condense at the end of the tube, commonly at the

very end. When the spirit-thermometer stands lower than the mer-

curial one, this may be suspected and looked for. When so found,
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tlie thermometer should be taken down and shaken until the alcohol

runs down; it should then he kept in an upright position for some

time to drain. If it is found difficult to shalce down tbe condensed

vapor, the end of the tube may be carefully and slowly heated with a

small lamp, or a small rod of heated iron held at a short distance,

keeping the bulb and lower part as cold as possible ; the alcohol by
vaporization will then condense at the surface of the s])irit in con-

nexion with the bulb. Occasionally, in cold climates, spirit-thermo-

meters are deranged by the air absorbed by the alcohol becoming free in

the bulb at a low temperature. When this occurs bring the thermo-

meter to as low a temperature as may be convenient ; then hold it in

such a position that the air-bubble comes to the juncture of the bulb

and tube, warm the bulb till all the air is in the tube, then by shaking

the thermometer, or by gentle knocking, the spirit will flow down,

and the air speck come to the top.

This does not occur in spirit thermometers that are closed with a

vacuum, and the spirit at the time well freed from air. In this case,

however, the above named difficulty from vaporization takes place

more readily than when closed with air. These derangements of the

spirit thermometer are readily rectified, and only require occasional

examination to detect them.

Both the maximum -and minimum thermometers may be adjusted

without the magnet, by raising one end sufficiently to allow the index

to slide down by its own weight.

The ordinary maximum thermometer (Kutherford's) not working
well, even in the hands of many careful observers, has occasioned

several attempts to make one without an index.

Mr. Green has lately contrived one. The object is effected by en-

closing in the bulb a glass valve, which is floated by the mercury to

the juncture of the bulb and tube. On an increase of heat the mer-

cury from the bulb passes this valve, but on contraction from a de-

creasing temperature, the portion in the column is obstructed, and
remains stationary, indicating the maximum point attained.

To set the instrument for another observation, it is held bulb down-
wards, and with a gentle jerk the mercury falls and joins that in the

bulb ; it is then placed horizontal in the usual way.

A movable valve-piece is introduced rather than a fixed obstruc-

tion or stricture, as in a new and ingenious maximum thermometer

by Messrs. Negretti and Zambra, of London, in expectation that the

observer will find greater ease and satisfaction in readjusting the in-

strument for observation.

Professor Pliillips, of England, has also devised one. His plan is

to cut off a portion of the column of mercury by an intervening small

bubble of air. An increase of heat drives this detached portion for-

ward, and leaves it there on a decrease of heat.

This form is also made by Mr. Green, and possesses some advan-

tages peculiar to it ; but, until experience decide otherwise, we doubt

if it can be put in order after accidental derangement, by every ob-

server. The former plans are not open to this objection.]

[Note.—These thermometers being new in plan, particiiltir instructions in regard to

suspending and setting tliem will be given with each instrument by the maker, Mr.

James Green, New York.]
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PSYCHROMETER.

Placing.—The psyclirometer, or wet-bulb thermometer, must be
situated under the same conditions as the thermometer. It should be
placed on the same wooden bars, several inches off and outside of the

thermometer. (See Fig. 1.)

The bulbs should also be entirely free, and at a distance from the

bars.

In case of violent winds, the instrument may be sheltered by the

movable blind, which may also serve as a fan to promote evaporation

when the air is too still.

The cloth which surrounds the bulb ought to be of medium fine-

ness, not too coarse; it should form a covering of equal thickness on
all sides, and should not be drawn too closaly upon the glass. Linen
is preferable to cotton, which retains the dust. The covering should

be changed every two or three months, and the bulb cleaned. [The
linen may be washed without removal by means of a jet of clean

water from a small syringe.]

Ohservation.—For the observation, take first a small vessel full of

water, which should be left on the window, that the water may be at

the temperature of the air ; bring it near to the bulb, and immerse the

bulb several times into the water. All the .space between the bulb
and the bottom of tlie scale must be wet, and care must be taken that

the wrapping is thoroughly moistened, without, however, a too large

drop remaining suspended at the bulb. The water used must be pure
;

the best is rain-water filtered^ because it does not hold any salt in

solution, which might incrust the cloth after evaporation.

[In some arrangements of the psychroraeter the wet-bulb is kept

constantly wet by conducting water to it from a small vessel_, by
capillary attraction, along a string of cotton wick. A series of com-
parative observations were made at this Institution last summer on

these two modes of wetting the bulb, which gave the same result

within a fraction of a degree from the mean of the records of a month.
The observers connected with the Coast Survey prefer the method of

dipping the covered bulb.]

After wetting the bulb, shut the window, and leave the psychro-

meter for a moment.
While the wet bulb is slowly acquiring the temperature of evapo-

ration, the observer is occupied with other observations, watching the

psychrometer to make sure of the moment when it has become station-

ary. In summer, from four to ten minutes are needed for this, accord-

ing to the size of the bulb ; but in winter, when the water freezes on
the bulb^ it must be moistened from fifteen to thirty minutes before

the observation, which should not be made until the ice around the

bulb is quite formed and dry. The best way is to keep round the

bulb a layer of ice, constant and uniform, which should be neither too

thick nor too thin ; then the observation may take place immediately.

When the temperature is in the neighborhood of the freezing-point,

the observation of the psychrometer requires very peculiar care
;
the

reason of which we have elsewhere explained. During a fog the wet-

bulb thermometer may be somewhat higher than the dry-bulb ; then
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the air is over-saturated, and contains, besides the vapor at its maxi-
mum of tension, water suspended in a disseminated liquid state.

If the air is very still, it is well to increase the evaporation b}' set-

ting the air in motion by a fan. If the wind is too strong, the instru-

ment should be protected by the movable blind. The reading must
be made rapidly, and, as much as possible, at a distance, and without

opening the window ; for the proximity of the observer, either by the

heat radiating from his body, or by his breath, as well as the temper-

ature and the hygrometrical state of the air issuing from the chamber,
which is always ditferent from that of the external air, especially in

winter, would infallibly act upon the instruments, and would falsify

the observation.

Verification.—The two thermometers must be carefully compared
from time to time, and if a difference is found, the instruments must
be adjusted, or it must be taken into the account, and the observations

corrected when entered in the journal.

BAROMETER.

w
h

W [

v^

Placing.—The barometer should be placed in a

room, of a temperature as uniform as possible, not
heated nor too much exposed to the sun. The instru-

ment must be suspended at the height of the eye,

near a window, in such a manner as to be lighted

perfectly, without exposure either to the direct rays

of the sun, or to the currents of the air, which always
take place at the joinings of the windows. When the

barometer has to be fixed to the wall, as is the case

with all the common stationary and wheel barometers,

care must be taken to secure the tube in a position

perfectly vertical, regulating it by the plumb-line,
first in front, then at the sides, at least in two verti-

cal planes cutting each other at right angles. When
the instrument is so constructed as to take its equilib-

rium itself, as the Fortin barometers and those of J.

Green, recently made under the direction of the

Smithsonian Institution, it is enough to hang it on a

strong hook. These conditions being fulfilled, the

rest of the arrangement may be varied according to

the nature of the localities. For the Fortin and
Green barometers, the following seems to be the most
convenient, and may be almost everywhere adopted.
(See Fig. 4.)

A small oblong box, (a h,) some inches longer than
the barometer, and a little broader than its cistern, is

firmly set against the wall, {w ti/,) near the window,
in such a manner as to open in a direction parallel to

the panes ; at the summit (a) it has a strong hook,
(/i h',) which extends beyond the box about two or

three inches, and on which the barometer is suspended.
The instrument remains generally in the box, which
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is closed by a movable cover, and which protects it from exter-

nal injuries, from dust, and from the direct radiation of the warm
bodies, or the currents of air from the wdndow, and diminishes

the effect of the too sudden variations of temperature. When it -

is to be observed, the barometer is taken bj^ the upper end of the

tube, and the suspending ring is made to slide towards the end of the

hook. The instrument is then in the full light of the window, in

front of which the observer places himself; the summit of the mercu-

rial column, as Avell as the surface of the mercury in the cistern, are

completely lighted, and the reading becomes easy and certain. More-

over, the slight oscillating movement impressed on the instrument,

by changing its place, breaks the adherence of the mercury to the

glass, and thus prepares a good observation. After the reading, the

barometer is again slipped gently into the box, and this is closed.

Observation.—The different operations of the barometer of constant

level should be made in the following order :

a. Before all, incline the instrument gently, so as to render the

mercurial column very movable ; then, after having restored it to

rest, strike several slight blows upon the casing, in such a manner as

to impiess on the mercury gentle vibrations. The adherence of the

mercury to the glass will thus be destroyed, and the column will take

its true equilibrium.

h. Note the degree and the tenths of degrees of the thermometer

attached to the instrument ; for it will be seen that the heat of the

observer's body soon makes it rise.

c. Bring, by means of the adjusting screw, (Fig. 4,) the surface of

the mercury to its constant level. In Green's first barometers, the

metallic envelope of the cistern is pierced through, (oo',) and alloM^s

the surface of the mercury contained in the glass cistern to be seen.

The plane which passes through the upper edge (e e') of this opening

is the true level, or the zero of the scale, to which the surface of the

mercury must be restored.

For this, take hold, with the left hand, of the lower edge of the

cistern, (I I',) taking great care not to disturb its vertical position
;

apply the right hand to the adjusting screw, {s,) and turning it

gently, bring by degrees the level surface of the mercury to the upper

edge (e e') of the opening of the cistern, until there remains between

the two only an almost imperceptible line of light, as in the Fig. 5,

(e e'.) Then leave the instrument to itself to re-establish its vertical-

ity, if it had been accidentally deranged, and placing the eye exactly

at the height of the mercury, examine whether the contact is exact.

For this operation, it is important to have a good light ; the cistern

ought to be placed higher than the lower edge of the window, so that

the light may reach it directly. It is necessary also to take care not

to confound the slight line of light which marks the opposite edge of

the cistern, with the light reflected by the surface of the mercury

against the inner walls ; the former is always sharp and well defined,

the latter vague and indefinite. When, before adjusting the level,

the mercury is higher than the upper edge, it is necessary to begin by

lowering it beneath the level, (see Fig. 4,} so as to leave an interval of

light, which is then gradually shut out, as has been described. When
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the observation is to be made in the night, place the lamp before, and

not behind the instrument, and somewhat higher tlian the eye ; and

if the wall itself is not light enough, place behind the cistern,_ or the

top of the column, a piece of white paper, which reilects the light.

Fig. 5.

e

m m

In the barometers with an ivory point, as the Fortin, Newman,
and Green barometers, the extremity of this point is the zero of the

scale, which must be brought into exact contact with the surface of

the mercury. We commonly judge that this takes place when we see

the actual rounded summit of the point coincide exactly with its

image reflected below by the mercury. This method may be very

good when the surface of the mercury is perfectly pure and brilliant

;

but this is very rare; it is generally dimmed by a slight layer of'

oxide, which makes the coincidence of the point with its image un-

certain. It is safer to judge of the contact in a different manner.

From the moment when the point does more than touch the surface,

it forms around itself, by capillary action, a small depression, which,

breaking the direction of the reflected rays, becomes immediately very

easy to discover. It is enough, then, to raise the mercury m as

slightly to immerse the point, then to lower it gradually until the

little depression disappears. If care is taken to make a good light

fall on that portion of the mercury which is under the point, and to

use the aid of a magnifier, the adjustment of the point thus made, be-

comes not only easy, but very certain, and the errors to which we are

liable are almost insensible, for they do not exceed two or three hun-

dredths of a millimetre, or a thousandth of an inch.

• d. The level being thus adjusted to the zero of the scale, we pro-

ceed to observe the height of the summit of the column. Take hold
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of the instrument with the left hand, above the attached thermometer,

without moving it from the vertical; strike several slight blows in

the neighborhood of the top of the column ;
then, by means of the screw

lower the slide which carries the vernier, until the plane passing

through the two lower opposite edges of it is exactly tangent to the

sumniit of the meniscus—that is, the convexity which terminates the

column. We know that this is the case when, placing the eye ex-

actly at the height of the summit of the column, we still see the sum-

mit of the column, without there being any trace of light between

the summit and the edge of the ring. To convince ourselves that the

barometer has remained quite vertical during its operation, we leave

it to itself, and, when it is at rest, we look again to see whether the

ring has remained tangentical to the summit of the column. If it

has not, the verticality had been disturbed ; it must be adjusted anew.

It is necessary, at the same time, to examine if the adjustment of the

surface of the mercury in the cistern has remained the same. The

attached thermometer will also be read anew, and if it indicates a

temperature noticeably higher than at the commencement of the obser-

vation, a mean valu^'between the two indications must_ be adopted.

An exact observer can never dispense with these verifications.

e. Nothing more, then, remains than to read the instrument. In

the English ^barometers tlie inches and tenths of inches are read di-

rectly on the scale, the hundredths and thousandths on the vernier.

In the French barometers, with the metrical scale, the ceptimetres

and millimetres are read on the scale, and the fractions of millimetres

on the vernier. We begin by reading on the scale the number of

inches and tenths of an inch, or of millimetres, there are, as far up as

the line whicli corresponds to the lower edge of the vernier, and which

marks the summit of the column. In the Grreen barometers this line

marks at the same time the zero of the vernier. If this line docs not

coincide with one of the divisions of the scale, we read the fraction of

the following division on the vernier.

The principle of the vernier is very simple. If we wish to obtain

tenths, we divide into ten parts a space on the vernier comprising

nine parts of the scale, (see Fig. 6 ;) each division of the vernier is

thus found sliorter by a tenth than each division of the scale. Now,

if we start from the point where the zero of the vernier and its tenth

division coincide exactly with the first and the ninth division of the

scale, and if we cause the vernier to move gradually from the ninth to

the tenth division of the scale, we shall see the first, the second, the

third', and the other divisions of the vernier as far as the tenth, coin-

cide successively with one of the divisions of the scale. Now, tlie di-

visions of the scale to which those of the vernier correspond being

equal parts, it follows that the space in question has been successively

divided into ten parts, or tenths, by these successive coincidences.^ If

the scale bears millimetres, the vernier will give tenths of millime-

tres ; if it has tenths of an inch, the vernier will give hundredths.

By changing the proportions, it may be made to indicate by the ver-

nier smaller fractions, as twentieths of millimetres, or five hundredths

of an inch, &c.
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To read the vernier, we must look out for the line that coincides

with one of the divisions of the scale ; the number of this division of
the vernier, proceeding from zero, indicates the number of tenths of

millimetres, or of hundredths of an inch, which must be added to the
whole number given by the scale. If none of the divisions of the scale

coincides exactly, we estimate by the eye, in decimals, the quantity by
which the vernier must be lowered to obtain a coincidence, and this is

added to the fraction already obtained. This will be hundredths^of
millimetres in the metrical barometer, and thousaildths of inches in

the English barometers.

The following figures will serve as an example
; the instrument is

an English barometer.

©
-10

— s
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case, tlie distance above seven is less than the half; we shall then read

30.073. It will always be easy to judge whether the top approaches

nearer the npper coincidence than the lower coincidence ; in the former

case the fraction is greater than .005 ; in the latter it is smaller than

.005. The error which will be committed in this estimate will re-

main less than .005; with practice and a little skill, it will hardly

ever exceed .002, always supposing the scale is well graduated. For
this reading, as well as for the others, it is particularly important to

have the eye exactly at the height of the line to be determined.

The same process of reading is applied to the metrical scale; the

vernier then gives tenths directly, and by estimate, the hundredths

of millimetres. In the English instruments^ the inches must be sepa-

rated by a (.) and three decimals written, even when the last is a zero;

e. g. 30.250, and not 30.25: the zero indicates that the thousandths

have been taken into account, but that there is none. In the metrical

scale put the (.) after the millimetres, and admit two decimals, e. g.

•761.25.

During the whole time of the observation of the barometer, the ob-

server must endeavor to protect it as much as possible from the heat

which radiates from his body. But the best way is to learn to observe

rapidly. All the operations of which we have just spoken take longer

to describe than to execute; one or two minutes, if the instrument be

in pla-^e, three minutes if it is to be taken from its case and put back
again, are sufficient for a practised observer to make a good observation.

Altitude.—The height of the barometer above the ground, or above

some fixed point, which may serve as an invariable point of reference,

ought to be exactly determined. Such a point, for instance, may be

the base of a public edifice, the level of low water of a neighboring

river, the ordinary level of the surface-water of a canal, the upper
part of a wharf in mason-work, &c. If the barometer has changed
place, it is again necessary to measure exactly its height above the

same point of reference ; the latter will serve to fix the height of the

barometer and of the station above the level of the ocean ; this datum
being of the greatest importance. Every change of this nature should

be carefully noted in the journal.

It is greatly to be desired that the place of the barometer, once
determined, should not be changed, either from one story to another,

or from one house to another. If circumstances compel this to be
done, we should begin, before taking it from its place, by raising the

mercury in the cistern by means of the screw, so as to fill the cistern

and the tube ; it must then be gently taken from the hook, turned upside

doicn, and carried with the cistern up, taking great care not to strike

it against anything. If it were transported without these precautions,

even from one chamber to another, great risk would infallibly be run
of breaking it, or letting in air, and thus rendering it useless.

Verification.—From time to time the barometer should be so inclined

as to cause the mercury to strike gently against the top of the tube.

If it gives a dry and clear sound, it is free from air, and the instru-

ment is in good condition. If the sound is flat and muffled, there is

a little air ih. the barometric vacuum ; and the fact should be noticed

in the journal. Every occasion should be seized to compare it anew
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witli a stantlard barometer, to ascertain whether it has undergone

any change.

OMBROMETER.

Placing.—The omhrometer, or rain-gage, is a funnel, accompanied

hy a graduated cylindrical glass vessel, and by a reservoir. It should

be placed in an open space. Trees, high buildings, and other ob-

stacles, if too near, may have a considerable influence in increasing

or diminishing the quantity of rain which falls into the funnel.^ The

surface of the'receiver should be placed horizontally about six inches

above the ground. The most simple mode of establishing it is the

following

:

Place in the ground a cask or barrel, (Fig. 9,) water-tight, the top

rising above the ground about three inches ; cover it with boards

slightly inclined in the form of a roof, which project on all sides

beyond the edge of the barrel at least a foot. A circular opening in

the middle receives the funnel, the borders of which rest on the board.

At the bottom of the barrel, to receive the water, is an earthen pr

metallic vessel, with a narrow neck, (an ordinary earthen jug will

answer,) in which is placed the end of the funnel, exactly filling the

opening. It must contain two or three quarts. The funnel is fastened

by means of two clasps to the board, which must be covered up with

sod, to make it like the ground itself. If circumstances render it

necessary to place the ombrometer higher, the height must be carefully

*'l2. 9.

noted in the journal. If it is placed upon a sloping roof, it should

be on the top, and not at the edges, or at the angles, and must be

raised several feet above the roof itself.

Observation.—To make the observation, remove the funnel, and

pour the water from the jug into the large graduated glass cylinder.

The opening of the funnel being one hundred square inches, one inch

of rain in depth gives one hundred cubic inches of water ;
and each

division of the glass containing a cubic inch of water, each of them
represents a hundredth of an inch of rain fallen into the ombrometer.

These degrees are large enough to permit us to estimate the thou-
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sandtlis of an inch. The divisions of the smaller graduated glass

cylinder will measure directly the thousandths of an inch, and it may
serve, in case of accident, as a substitute for the larger one. The two
glass vessels may be placed in the barrel itself, if it is of sufficient

size. They must be placed in a reversed position, on two upright

pegs, to let them drip out. As soon as the observation is made, it

should be noted in pencil, not trusted to the memory ; and written in

the journal upon entering the house.

SNOW-GAGE.

Ohservation.—The snoio-gage sh,ould be supported vertically, in

an open place, between three short wooden posts, its opening being

about two feet from the ground. It should be employed in the fol-

lowing manner

:

When only a very small quantity of snow falls, or of snow alterna-

ting with rain, or of dry and fine snow, driven by the wind, it should

be collected in the snow-gage, as would be done in the ombrometer.
But when the snow falls in a sufficient quantity to cover the ground
more than an inch deep, the vessel must be emptied, and plunged,

mouth downwards, into the snow, until the rim reaches the bottom.

A plate of tinned iron, or a small board, may then be passed between
the ground and the mouth of the gage, and the whole reversed. In
this way a cylinder of snow, of which the base is superficially one
hundred inches, will be cut out, and received into the vessel. The
oi)eration may be facilitated by placing on the ground a platform of

strong board or plank, two or three feet square, on which the snow is

received.

The place selected for this purpose must be one where the snow has
not been heaped up, or swept ' away by the wind, and where it pre-

sents, as near as possible, the mean depth of the layer that has fallen.

In order to take only the snow which may fall in the interval between
two observations, the board should be swept after each measurement,
and the place designated by stakes.

Beading.—In the reading of the graduated vessels, the general sur-

face of the liquid must be considered as the true height, and not the

edges, w^hich are always raised along the walls of the vessel by capil-

lary attraction.

The collected snow must be melted by placing the gage, covered

with a board, to prevent evaporation, in a warm room ; and the

quantity of water produced measured by pouring it into the glass

cylinder. It need hardly be said, that if rain and snow fall the same
day, no account will be taken except of what the snow-gage receives,

unless the ombrometer has been observed separately after the rain,

and the snow-gage after the snow. Care must be taken, in these

cases, not to count twice the same quantity of fallen water.

The rain-water and melted snow-water must be separately entered

in the journal in the columns reserved for each.

During abundant rain-falls, it is well to measure the water more
than once a day, or at least immediately after the rain

;
and the
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Fig. 10.

-/

quantity ofthe rain fallen, together with the time it has lasted, is to he

noted separately in the column of remarks.

When it freezes, it will be necessary to protect the receiver by filling

in the interior of the barrel with straw.

[A series of observations have been made at the Smithsonian Insti-

tution with rain-gages of, different sizes and different forms, the

result of which, as far the observations have been carried, is to induce

a preference for the smallest gages. The one which was first dis-

tributed by the Institution and the Patent Office to the observers, is

represented in Fig. 10. It consists of the funnel a, terminated

above by a cylindrical brass

ring, bevelled into a sharp edge

at the top, turned perfectly

round in a lathe, and of pre-

cisely five inches diameter. The
rain which falls within this

ring is conducted into a twQ-

quart bottle, h, placed below to

receive it. To prevent any water

which may run down on the

outside of the funnel from en-

tering the bottle, a short tube

is soldered on the lower part of

the former and encloses the neck

of the latter. The funnel and bottle are placed in a box or small

cask e, e, sunk to the level of the ground, which is covered with a board

d, d, having a circular hole in its centre to receive and support the

funnel. To prevent the rain-drops which may fall on this board from

spattering into the mouth of the funnel, some pieces of old cloth or

carpet, c, c, may be tacked upon it.

The object of placing the receiving ring so near the surface of the

earth, is, to avoid eddies caused by the wind, which might disturb

the uniformity of the fall of rain.

In the morning, or after a shower of rain, the bottle is taken up

and its contents measured in the graduated tube/, and the quantity

in inches and parts recorded in the register. The gage, or tube,

which was first provided for this purpose, will contain, when full,

only one-tenth of an inch of rain, the divisions indicating hundredths

and thousandths of an inch. As this, however, is found to be too

small for coijvenience, another gage, which will contain an inch of

rain, and indicating tenths and hundredths, will be sent to observers.

Another and simpler form of the gage has since been adopted

by the Institution and the Patent Office, to send by mail to distant ob-

servers. It is one of those which have been experimented on at the

Institution, and is a modification of a gage which we received from

Scotland, and which has been recommended by Mr. Pvobert Eussell.
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Fig. 11.

It consists of

—

1. A large brass cylinder a, h, c,

d, two inches in diameter, to catch

the rain,

2. A smaller brass cylinder e, /,
for receiving the water and reducing

the diameter of the column, to allow

of greater accuracy in measuring the

height.

3. A whalebone scale s, s, divi-

ded by experiment ,so as to indicate

tenths and hundredths of an inch of

rain.

4. A wooden cylinder lo, w, to be

inserted permanently in the ground
for the protection and ready adjust-

ment of the instrument.

To facilitate the transportation,

the larger cylinder is attached to

the smaller by a screw-joint at e.

Directions for use.—To put up this rain-gage for use : 1. Let the

wooden cylinder be sunk into the ground in a level unsheltered place

until its upper end is even with the surface of the earth, 2, Screw

the larger brass cylinder on the top of the brass tube and place the

latter into the hole in the axis of the wooden cylinder, as shown in

the figure, and the arrangement is completed.

The depth of rain is measured by means of the whalebone scale,

the superficial grease of which should be removed by rubbing it with

a moist cloth before its use.

fShould the fall of rain be more than sufficient to fill the smaller

tube^ then the excess must be poured out into another vessel, and the

whole measured in the small tube in portions.

Care should be taken to place the rain-gage in a level field or open

space, sufficiently removed from all objects which would prevent the

free access of rain, even when it is falling at the most oblique angle

during a strong wind. A considerable space also around the mouth
of the funnel should be kept free from plants, as weeds or long grass,

and the ground so level as to prevent the formation of eddies or varia-

tions in the velocity of the wind.

To ascertain the amount of water produced from snow, a column of

the depth of the fall of snow, and of the same diameter as the mouth
of the funnel, should be melted, and measured as so much rain.

The simplest method of obtaining a column of snow for this purpose

is to procure a tin tube, about two feet long, having one end closed,

and precisely of the diameter of the mouth of the gage.

With the open end downward, press this tube perpendicularly into

the snow until it reaches the ground or the top of the ice, or last pre-

ceding snow ; then take a plate of tin, sufficiently large to cover it,

pass it between the mouth of the tube and the ground, and invert the

tube. The snow contained in the tube, when melted, may be mea-
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sured as so miicli rain. When the snow is adhesive the use of the tin

plate will not be necessary.

From measurements of this kind^ repeated in several places when the

depth of the snow is unequal, an average quantity may be obtained.

As a general average, it will be found that about ten inches of snow

will make one of water.]

WIND-VANE.

Placing.—The ivlnd-vane should be set in a place as free and open

as possible, away from every obstacle, and especially from high build-

ings. It should exceed in elevation, by at least eight or ten feet, the

neighboring objects. To facilitate observations at night, the follow-

ing arrangement may be adopted :

The wind-vane is composed of a leaf of zinc about three feet in

length, in the form of a butterfly's wing, exactly counter-balanced by

a leaden ball. It is carried upon a cylindrical axis of pine wood, or

of any other light and strong material, two inches in diameter,

which, if possible, passes down through the roof into the observer's

chamber, otherwise along the exterior wall of the building to a win-

dow. The axis terminates by a steel pivot turning freely on a

cast-iron plate. This plate supports a dial divided into degrees, be-

sides indicating the eight principal points of the compass. The axis

carries an index placed in the same plane as the feather of the wind-

vane, which enables us to read upon the dial, as well by night as by

day, the direction of the wind. The whole rests on a strong wooden

shelf, firmly fastened to the window by supports. Above, the rod

is firmly fixed to a strong upright staff, or^ better; on the_ roof, with

strong braces, by means of a piece of wood containing friction rollers,

which allow the shaft to turn freely and without effort. Similar

pieces with friction rollers, placed at difi'erent distances along the

wall, keep the axis vertical.

Great care must be taken to secure the perfect verticality of the

shaft, and to this end it is necessary to fix it by a plumb-line in two

different planes cutting each other at right angles. The index at the

foot of the rod should be placed on the same side with the point of the

wind-vane, and in the same plane as the feather. The pivot should

turn very freely in the hole that receives it, and into which a drop of

oil should be poured.

Finally, we must carefully adjust the points of the dial, which is

supported with the iron plate, upon a board fastened upon a shelf by

means of a strong screw. In making this adjustment by means of a

compass, the magnetic variation of the locality must be taken into

account ; each observer should have the line of the true north traced

on his window.
If the dial is exposed to the open air, it must be protected against

the snow and ice, which would impede the play of the pivot and of

the index. A small ring of wood placed around the pole, under one

of the friction rollers, will prevent the wind-vane from being raised,

and the pivot from being displaced during the most violent winds.
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[As a flat vane is always in a neutral line, a more accurate and
sensitive one is made by fastening two plates together at an angle of
about ten degrees, forming a long wedge.
The longer the vane, the shorter the pulsations, and the steadier the

action will be. For a small sized vane, it may be ten or twelve inches

wide, and four feet long.]

Observation.—The observation of this instrument demands some
care. In winds of considerable strength the vane is never at rest, or

fixed in the same direction ; it oscillates incessantly, and its oscilla-

tions increase in amijlitude with certain w^inds, and with the violence

of the wind. We must then note the mean direction between the ex-

tremes. When the wind is very feeble, perhaps it may not have
sufficient force to set the vane in motion ; in this case, as when the
air is calm, great mistakes might be made by registering the direc-

tion marked by the index ; for its position indicates, not the direction of
the existing wind, but that of the last wind that had the power to set

the instrument in motion. When the index is immovable, and there is

no oscillation, we must give up its indications, and refer to the move-
ment of light bodies, as that of the leaves of trees and the smoke of
chimneys, to determine the direction of these feeble currents of air.

During the night the direction of the wind may be easily ascertained

by raing the hand in the air, with one finger wet. The least motion
in the air increases evaporation, and a sensation of cold is experienced

on the side of the finger turned towards the wind.
The direction of the wind must be noted, following the eight prin-

cipal points of the compass—north, northeast, east, southeast, south,

southwest, west, and northwest. For the additional observations

during storms, the degrees may be indicated, in order to follow more
exactly the rotation of the wind, or at least sixteen points of the com-
pass, viz : N. NNE. NE. ENE. E. SE. ESE. SSE. S. SSW. SW.
WSV\^. W. WNW. NW. NNW.
The lower, or surface wind, often has a difierent direction from that

which prevails in the ujoper regions of the atmosphere, and this is

generally the case when the wind turns, and the weather is going to

change, also during storms and great atmospheric movements. The
direction, then, of the lower and the higher layers of clouds must be
separately noted in the several columns of the journal reserved for this

purpose. If the direction is the same in the whole extent of the at-

mosphere, the same letters will be marked in the three columns. If

the absence of clouds does not permit us to judge how the wind is

above, a dash must be substituted for the letter, indicating that the

observation has been made. A blank always signifies an observation

omitted.

To avoid an error in the estimate of the direction of the clouds, it

will be well to observe their course between two fixed points, as a
window frame, the fixed lines of which will facilitate the observation.

Another very convenient method is to place a small mirror horizon-

tally, with lines traced on it indicating the points" of the compass
;

the image of the clouds passing over these will indicate their direc-

tion.
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The manner in whicli the wind turns, or rather the order in which
the winds sncceed each other in the conrse of the day, must he watched
very carefully. It will he seen that they commonly follow in regular

order ; they pass from the east by the south to the west, and from the

west, by the north, to the east. Nevertheless, they sometimes go hack
in the opposite direction, particularly during storms. A little mem-
orandum, summing up in a few words at the end of each day this

course of the wind, together with the hour's of the wind's changes,

is very valuable. It may be entered in the column of remarks.

The force of the wind must be estimated as nearly as possible ac-

cording to the following degrees :

0. A perfect calm.

The sim])le initial letter of the wind, for instance N". (north,) indi-

cating its direction without any number, means a slight movement of

the air hardly to be called a wind, and only just sufficient to allow an
estimate of its direction.

1. A light breeze which moves the foliage, and sometimes fans the

face.

2. A wind which moves the branches of the trees, somewhat retards

walking, and causes more or less of a slight rustling sound in the

open air.

3. A wind which causes strong boughs and entire trees to rock,

makes walking against it difficult ; which causes a stronger rustling

sound to be heard, and which often blows in gusts, and carries light

bodies up into the air.

4. A storm-wind, during which the trees are in constant motion
;

branches and boughs covered with foliage are broken off, and in a
violent storm sometimes even entire trees are broken^ or uprooted

;

leaves, dust, &c., are continually borne up and carried far away;
during which there is an uninterrupted loud rustling sound, with
strong gusts ; walking windward is extremely difficult, and now and
then chimneys, fences^ &c., are thrown down, windows broken in, &c.

These degrees correspond nearly to the following numbers of Beau-
fort's scale, which is generally used among seamen :

1. the same as 1. Light breeze, 1

2. " " " 4. Moderate breeze, 1 of Beaufort's

3. '' " " 8. A fresh gale,
f

scale.

4. " ^' '' 11. A storm-wind, J

[The force of the wind is now estimated and registered according to

the direction on the blank forms.]

SKY.

The blue color of the sky has an intimate connexion with the hy-
grometrical state and the electrical tension of the air ; it may be noted
by the ex})ressions, dat^k, light, and greyish.

Haze and dry mist.—The transparency of the air is often disturbed

by a kind of vapor, which gives a whitish tint to the sky and dims
the rays of the sun. This phenomenon, known in Europe under dif-

ferent names, appears frequently after long droughts ; in this country
it seems to characterize the Indian summer. In Europe, and else-
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wliere, an intense dry mist, wliicli is, probably, a different pbenome-

non, sometimes follows great earthquakes or volcanic eruptions.^ The
observer will carefully enter phenomena of this kind, and the circum-

stances under which they appear or disappear. If he has an oppor-

tunity, as ip a high station, he should endeavor to ascertain if there

is an upper limit^ and what is the thickness of the layer of haze or

dry mist. Observations made in the Alps prove that the atmosphere

is often entirely free from it at a height of two thousand feet, when
it is very intense in the plain. Does a thunder-storm or rain always

cause it to disappear ? Do the prairie fires have any relation with

kindred phenomena? Does it appear more frequently in certain

seasons than in others ?

«

HYDRO-METEOROLOGICAL PHENOMENA.

DEW.

The dews, especially when they are abundant, and

The white frosts, or frozen dew, particularly the first and last of

the year, and their intensity, must be entered.

FOG.

Fog.—The moment must be noted when it forms and when it dis-

sipates, as falling fog, rising fog ; its density, as dense fog, slight fog.

Mists hanging over forests, moors, meadows, rivers, or the like.

Notice must be carefully taken of the time of their appearance or

disappearance ; these are the most important facts in regard to them.

These fogs must not be confounded with the dry fog, which belongs

to another class of phenomena^ which have been spoken of above.

CLOUDS.

For noting these the observer must go out to a place entirely free,

in case his residence has too confined a horizon.

The cloudiness or the quantity of clouds, after some practice, can be

easily estimated, in accordance with the following scale. Thus, we
understand by

—

0. A clear sky, entirely free from clouds
;

10. The whole sky covered with clouds, or a dense fog, or rain; and

by 1, 2, 3, 4, 5, 6, 7, 8, 9, the different degrees of cloudiness

which lie between these :

1. Denotes, for instance, nine times as much blue sky as clouds
;

5. An equal amount of clouds and blue sky
;

9. Nine times more clouds than blue sky.

If, on account of the locality, it is impossible for the observer to

estimate the quantity of clouds in this way, he can make use of the

following expressions, which will mark at the same time the medium
character of tlie aspect of the sky during each day

:

Wcl. Wholly clear; a sky entirely free from clouds.

CI. Clear ; when at least two-thirds of the sky is unclouded.
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M. Medium ; the clouded part of the sky nearly equal to the blue,

C. Cloudy ; a larger part cloudy than clear.

Ov. Overcast ; the clouds rarely l)roken.

Gov, Covered sky ; without any visible spot of blue.

Theform of the clouds will be indicated by the terminology of How-
ard.

According to this, they are distinguished by their external forms

into three kinds : the cirrus^ cumulus, and the stratus, to whicli belong

four transition forms, the cirro-cumulus, the cirro-stratus, the cumulo-

stratus, and the nimhus. The most remarkable of these forms may
be characterized in the following manner :

The cirrus, or cat-tail of the sailors, is composed of loose filaments,

the whole of which sometimes resembles a pencil, sometimes curly

hair, sometimes a fine net, or a spider's web.

The cumulus, or summer cloud, the cotton-bale of the sailors, often

shows itself under the form of a hemisphere resting on a horizontal

base. Sometimes these half spheres are piled upon one another, form-

ing those large accumulated clouds in the horizon which resemble at

a distance, mountains covered with snow.

The stratus is a horizontal band, which is formed at sunset and

disappears at sunrise.

The cirro-cumulus are those small rounded clouds, which are often

called fleecy ; when the sky is covered with clouds of that kind it is

said to be mottled.

The cirro-stratus is composed of small bands, formed of closer fila-

ments than those of the cirrus, for the rays of the sun often find it

difficult to penetrate them. These clouds form horizontal beds,

which, at the zenith, seem composed of a great number of loose

clouds, while at the horizon a long and very narrow band is seen.

The cumulo-stratus is a mass of heaped up and dense cumuli. At

the horizon they often assume a dark or bluish tint, and pass into the

condition of nimbi, or rain clouds.

The nimbus is distinguished by its uniform grey tint, its fringe and

indistinct edges ; the clouds composing it are so blended that it is

impossible to distinguish them.
But besides these principal forms, there are several intermediate,

to which it is difficult to assign a name. They must be referred to

the form which they most resemble.

They may be entered in the journal by means of the following

abbreviations

:

, St. i. e. Stratus.

Cu. " Cumulus.
Cir. " Cirrus.

Cir. st.
" Cirro-stratus.

Cu. St. " Cumulo-stratus.

Cir. cu. " Cirro-cumulus.

Nim. " Nimbus.

If several of these forms are visible, the most frequent should be

underlined, and the others should follow the order of their frequency.

The distribution of the clouds in the sky should be noted, whether
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tliey are dispersed or accumulated in* a special region of tlie heavens,

in the liorizon, at the zenith, &c.

BAIiSr.

It is necessary to note as accurately as possihle the hour at which

the rain begins and ends ; if it is a continued rain, or at intervals and

in showers; if it is general or only partial, preceded, followed, or ac-

companied by fogs ; the size of the drops and the force of the rain

should be also noted. For these different cases, the following desig-

nations may be adopted:

Bainy, when the fall of some drops and the appearance of the wea-

ther is such as to indicate the approach of rain.

Continued rain.

Interrupted rain.

Shower, which lasts not more than a quarter of an hour.

General rain, which prevails over the whole extent of the horizon.

Partial rain, which falls from the clouds that pass over only a small

extent of country.

The force of the rain may be indicated by the following gradations :

Drizzling rain, which falls in very small drops, almost like those of

mist.

Slight or fine rain.

Moderate rain.

Heavy rain.

Violent rain, heavy and strong pelting rain.

The size of the drops seems to depend chiefly upon the height of the

clouds, and consequently upon the seasons and the circumstances of

the temperature.

The snow.—The period of the first and last snow, the size of the

flakes, their forms.

Sleet, which consists in small balls of snow, wh'iteand opaque, com-

monly without a crust of ice, like the opaque nucleus found within

hail-stones, falling more frequently in spring and in autumn.

Frozen rain drops should be distinguished from the preceding forms
;

they make little balls of transparent ice.

Hail.—Indicate the size and form of the hail-stones, the extent and
course of the phenomenon.

THUNDER-STORMS.

The time of beginning and ending of the storm jQust be indicated

as exactly as possible ; the point of the horizon whence it rises, the

direction of the clouds, of the wind and its variations, and, if pos-

sible, the quantity of rain before and during the storm ;
of liail, &c.j

which falls , note if it passes over the place of the observation, or at

a distance ; if it is accom])anied, or not, with strong electrical detona-

tions and numerous lightnings. It will be well to ascertain the state

of the meteorological instruments during the storm^, especially of the

barometer and the thermometer.

In the journal, the occurrence of a storm will be indicated in the

column of remarks merely by the letters Th St, with the hour when
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it took place. If special observations have been made with the in-

struments, they wil be entered on the opposite side of the sheet in

the columns reserved for additional observations, taking care to note

tlie day and the hour. If the observations require a more detailed

description, it may be made on a separate sheet.

TORNADOES AND LAND-SPOUTS.

These whirlwinds, or violent and circumscribed storms, give rise

to very complex phenomena, which are difficult to observe. All the

meteorological circumstances, however, should be minutely noted
;

among others the following :

The course of the barometer, which almost always sinks mucli and
rapidly ; that of the thermometer, which usually indicates an eleva-

tion of temperature ; the region of the heavens in which the thunder-

storm frequently accompanying them is formed ; the form and color

of the clouds ; the direction and intensity of the wind ; the frequency,

the size, and the form of the lightnings ; finally, the apparent shape
of the land-spout^ its variations, its course, audits effects upon the

trees and upon the ground.*

ADDITIONAL OBSERVATIONS DURING STORMS.

Everybody knows the importance of a knowledge of the laws of

those great movements of the atmosphere which embrace almost the

whole extent of the continent. It is only in following them, step by
step ; by observing their different phases at different places, and by
combining the facts obtained^ that the meteorologist can be enabled

to discover the laws which preside over these great phenomena. For
this, the three regular observations a day are insufficient ; it is then

earnestly recommended to observers, who desire to contribute effectu-

ally to the solution of this great problem, not to content themselves

with the prescribed number, but to add as many more as possible

during the continuance of remarkable storms ; noting not only the

state of the instruments from hour to hour, if possible^ but following

with attention all the meteorological changes. These observations

must be entered on the reverse of the sheet, under the head of addi-

tional observations, which is particularly reserved for this purpose.

The principal points to which attention should be directed are the

following

:

The harometer announces by a considerable fall the approach of a

storm. Then it begins to rise during its continuance, and only re-

sumes its nominal equilibrium after its close. Remark especially the

following points

:

Was the storm preceded by a noticeable or sudden riSe previous to

the fall.

Note the state of the barometer, and the time when the fall becomes
more rapid

;

Its state, and the time, when it is lowest and when the rise begins
;

* For more detailed instructions upon the observatious of laud-spouts, see the Annuaire
M^t^orol. de France, I8i9, p. 225.
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The liigliest point wliicli it reaches during, or immediately after

the storm.

If alternations of rising and falling take place, the fact should he

mentioned and the time noted.

The thermometer.—The fluctuations of the thermometer in the

same time as those of the barometer should also he noted, and their

connection with the changes of the wind be obKserved.

The wind.—It is of the greatest importance to observe the course

of the winds through the entire height of the atmosphere during the

whole continuance of the storm, by means of the wind-vane and of

the clouds in the different layers of the atmosphere.

The hour when the wind begins, and the direction whence it comes;

The moment of its greatest violence;

The instant it changes its direction, and when it takes the direction

it keeps to the end of the storm.

It should be stated if the wind blows in a continuous manner or in

squalls, and what is its force.

If there should be one or more moments of calm, the hour and du-

ration will be indicated.

Great care must be taken at each observation to note also the direc-

tion of the different layers of clouds, which will very often be found

different from that of the wind below, for the whole duration of the

storm.

The clouds.—Are there certain forms of clouds which announce the

approach of a storm ? It is necessary, in this connection, to watch

the formation of the cirrus, the cirro-cumulus, cirro-stratus, their ar-

rangement in parallel lines, their course, and their directions. Note

the quarter of the sky first covered with clouds ; the moment when it

is entirely covered ; if there are later clear spots or not ; the moment
when the sky clears off.

The rain.—Note the hour at which the rain or the snow begins

and ends ; measure the quantity fallen while the storm lasts.

ACCIDENTAL METEORIC PHENOMENA.

These v/ill be entered in the tables, in the place reserved for this

purpose on the opposite side of the sheet. If the space is not suf-

ficient for the description to be given, the phenomenon should be

simply noted, and reference made to a separate account for details.

Thus:
Ihe solar and lunar haloes—that is, the colored circles sometimes

observed round the sun and moon. Distinguish the small ones, the

ring of which measures only a few degrees, from tlie large or real

haloes, the ritog of which has a diameter of about forty-four degrees.

It must be stated whether they are connected with other circles, as is

sometimes the case. Care must be taken not to mistake a part of a

grand halo for a rainbow. Note whether these appearances are, or

are not, ordinarily followed by rain.

The Parhelia and Paraselenes, {mock-suns and moons.)—Describe

exactly their forms and the state of the heavens at the moment of

their appearance.
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Bainboivs, simple or double.

An extraordinary redness of the sky, either in the morning or eve-

ning ; the particular color of the sun and of the moon at their rising,

especially in fair days.

Heat lightnings without thunder, and sometimes without clouds
;

indicate their direction and the aspect of the clouds in their neigh-

borhood.
The Aurora Borealis, or northern light, for the observation of which

the special instructions published by the Smithsonian Institution must

be followed.

Shooting-stars.—The observer must be particularly attentive to

their frequency, during the periods near the 10th and 11th of August^

and the 10th and 15th November, in which it is supposed that they

are more numerous than at any other time. He will designate the

quarter of the heavens from which they seem to issue, and their di-

rection.

Fireballs.—Describe their aspect, their size, their course in the

heavens, and note the exact hour of their appearance.

All the other luminous phenomena, which present any extraordi-

nary appearance, should be noted down.

These descriptions should be made in simple and well-defined terms.

The observer will take great care to enter scrupulously ivhdt he sees,

without drawing any conclusion, or attempting any explanation of

the phenomenon. He ought to reflect that, in order to make a good

observation, he must keep his mind in a state of perfect disinterested-

ness in respect of any preconceived theory, and to consider the phe-

nomenon before him as being one of the data for the foundation of

the science, and that the knowledge of the truth will depend upon

the fidelity of his observation.

TIME OF OBSERVATIONS.

The time of observations will be the mean time at each station.

The observations will be made three times daily, viz :

At 6 o'clock, a. m.
.2 " p. m.
10 '' p. m.

The mean of these three hours will be very nearly the true mean,

as it would be obtained by observation made every hour of the day

and night. They are at intervals of eight hours from each other, and

are the least inconvenient possible for the daily occupations of life
;

they must be preferred to any other series of three equidistant hours.

[For convenience of observation the hours which have been adopted

by the Institution are Y, 2, and 9.]

The ombrometer will be observed only once a day, unless very abun-

dant rains should make a second measurement necessary. The best

time will be 2 o'clock p. m., the observation being made daily
;

if

another hour is selected, it should, when once fixed, remain the same.

The maxima and minima thermometers will be read once a day,

always at the same hour. The most suitable hour will be 10 o'clock

in the evening.
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If an observer desires to examine the daily oscillations of the barom-
eter he will also observe at 10 a. m. and 4 p. m., which give the

dail}'' maximum and minimum. It will be well to note also, at the

same time, the state of the hygrometer.
If he desires to complete the data upon the diurnal course of the

temperature, he will add observations of the thermometer at 10 a. m.,
and 6 p. m. In all cases it is desirable that, if an observer has leis-

ure to increase the number of the hours of observations, he should
fix them at equal intervals between the principal hours indicated

above.

Besides these observations at regular hours, additional observations

ought to be made during remarkable storms, as has been remarked
above.

It is very important that the observations should be made at the

exact hour, fixed by a well regulated watch. All tLc instruments

should be read rapidly, so that the observations may be as simulta-

neous as possible.

The order in which they are to be observed will be as follows

:

A few minutes before the hour, observe the thermometer before

opening the window ; then wet the psychrometer. While it is taking
the temperature of evaporation, note the height of the barometer, ob-

serve the -^ind, the course of the clouds, their quantity, the aspect of

the sky, &c. ; then read the temperature of the psychrometer.

The observations must be recorded for each instrument at the mo-
ment when they are made, without trusting anything to the memory.
A strict rule should be laid down for one's self, to note exactly the

indications of the instruments, without subjecting them mentally to

any corrections or any reductions ; these should not be applied until

all the elements are at hand.
If the observer has been unavoidably hindered from making the

observations at the exact hour, he will note in the column of hours
the number of minutes of the delay. If he is obliged to procure a

substitute, he must choose one accustomed to this kind of observation
;

but before entering his records, he will carefully examine them. To
distinguish the observations made by his substitute, he will enter

them in red ink.

As it is of the greatest importance that the series of observations

should not be interrupted, and that there should be no omissions,

each observ'cr will do well to instruct beforehand one or more substi-

tutes, who may be able upon occasion to take his place. If, in spite

of these precautions, the observation has necessarily been omitted, its

place will be left blank in the journal. In this case the observer must
never fill up these blanks with calculations, according to his judg-
ment ; he should consider the conscientious observance of this rule

indispensable to truth and good faith. He should remember, besides,

that if he acts differently, he not only lessens the value of these re-

sults, but brings into doubt and disfavor the fidelity of his other ob-

servations, and takes from them what constitutes their greatest value
for science

—

confidence.
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THE REGISTER.

In the register the first page is devoted to regular observations; the

second to additional observations, to periodical or extraordinary phe-

nomena, and to monthly recapitulations. The headings of the columns
indicate clearly the use of each.

For each instrument the columns follow each other in the order in

which the observations are to be made, and one column is reserved to

enter the observation y?<s^ as it is made, and before any correction or re-

duction. As each sheet is to be regarded as an independent docu-

ment, it should carry with it all that is necessary to correct the obser-

vations therein contained, and to render them authentic. Thus, the

date of the year, the month, the precise locality, the latitude and
longitude, the elevation of the instruments from the ground and above

the sea^ the nature and condition of the instruments which have been
employed, and the amount of their corrections; finally, the signature

of the observer, should be repeated on every leaf. It will be sufficient,

for this, to fill the blank spaces left after the different printed titles

in the blank forms. The observer should the less neglect this im-

portant duty, as it is an affair of only a few strokes of the pen each

month, without which his labor would run the hazard of losing its

value.

Thermometer.—In the thermometrical observations the quantities

above zero will be always written without a sign ;
the negative

quantities will be all individually marked with the sign minus, (— ,)

whether they follow each other or are isolated. In the first column,
entitled daily inean, will be inscribed the mean of the three observa-

tions of the day, i. e. their sum divided by 3, admitting two decimals.

In the second column of the daily mean will be inscribed the mean of

the maximum and the minimum, given by the thermometrograph,
or self-registering thermometers.

Barometer.—The degree of the attached tliermometer and the ob-

served height of the barometer will be inscribed in the first two col-

ums. This height will be reduced to freezing-point, or 32° Fahrenheit,

or zero Centigrade, by means of the annexed tables, and the whole
correction of the instrument, indicated on the back of the sheet, will

be applied to it. It will then be inscribed in the third column, en-

titled corrected height at freezing-point. These corrected heights, and
never any others, must be employed to form the mean, which Avill be

inscribed in the fourth column.
Psychrometer.—In the first two columns will be entered the indica-

tions of the dry and wet thermometer, after having applied to each
of them the correction of the instruments, if there be any ; and in

the third column the difierence of the two numbers. By means of

the psychromctrical tables will be found the force of the vapor anik the

degree of relative moisture, each of which has its column, as well as

the daily means of each of these elements.

We have indicated above the manner of noting the direction of the

winds.

As to the force of the surface wind, which alone can be estimated

16
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witli some degree of precision, it will he expressed by adding to the

letter wliicli designates the direction, the figure indicating its force :

e. g., N, without a figure, signifies a slight air, hardly perceptible,

coming from the north ; Nj, a slight breeze ; N3, a strong wind, &c.

The other two columns will have only letters^ or a dash (— ) if the

observation has not been possible.

The quantity of clouds, or the cloudiness estimated from zero, or a

perfectly clear sky, to 10, sky entirely overcast, has a separate column.

It is the same with 7^ain and melted snotv, which will be separately

entered. A third column is reserved for the total quantity of both.

The thickness of the layer of fallen snow may be indicated in inches

and tenths.

As to the broad column reserved for the asjject of the shj, and^ re-

marhs, although it is desirable, considering the small space the form

of the table allows, to employ abbreviations to express the state of the

sky and the different meteorological phenomena ; nevertheless, we
must limit ourselves to a small number, chosen from am^ong the ex-

pressions which most frequently occur, such as those found at the

bottom of the blank forms. If abbreviations are too much multiplied,

we lose in clearness and certainty what we gain in conciseness. A
meteorological journal should not resemble a page of algebra, where

a badly formed letter or a misplaced sign renders the expression unin-

telligible.

For the additional observations the same rule should be followed.

In the space reserved for ^periodical and extraordinarij pJienomena,

the phenomena will be inscribed with their dates and the hour of their

appearance.

Every change of position, or in the condition of the instruments,

should be carefully entered under the head of Condition of the instru-

ments^ with the precise date at which it took place. If there has been

none, instrumeids all in order will be entered . By the side of the indication

of the correction of the instruments will be placed, correction applied

or correction not applied, according as the observations contained in the

sheet shall have been corrected or not. The finished sheet will be

signed by the observer.

The reductions, the corrections, and the calculations of means, must
be made day by day and at the end of each month with the greatest

imnctuality. The necessary tables will be placed at hand by the side

of the journal, and each observation reduced, and the correction, if

any, applied immediately.

This is not only the least troublesome method, but the only one

which permits the observer to control the observations and the reduc-

tions, and to discover the accidental errors of the pen and of the read-

ing in the record.

The observer cannot be too thoroughly convinced that a meteor-

ological journal which contains only rough observations, is only half

made; in this condition it is wholly unfit to serve any scientific pur-

pose. The observations cannot be compared rigorously with each

other, nor with those of other stations. The only means for the ob-

server to give its true value to his labor, is to make the corrections,

the reductions, and the calculations of the means himself. It is for
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want of having thus been elahorated that voluminous collections of

observations, the fruits of long years of toil, remain useless and for-

gotten in the dust of libraries, because the meteorologist finds it im-
possible to make use of them v/ithout first undertaking those calcula-

tions, the amount of which absolutely transcends the powers of an
individual, and would discourage the most ardent zeal, while they
would have cost the observer only an instant each day, if he had made
them at the time of the observations.

The calculations desirable are a,s follows :

1. Each barometrical observation must be reduced immediately to

the temperature of zero Centigrade, or 32° Fahrenheit, by means of
the tables, and the total correction of the barometer, if there is any,
will be applied.

2. The diurnal means of the several instruments, resulting from the

sum of the three observations made at these different hours, divided

by three, must be entered each day in the respective columns, after

the observation of 10 p. m., [9 p. m.] It is needless to say that these

means should be drawn solely from observations reduced and corrected.

3. The monthly means for each hour separately—that is, the monthly
mean of the observations of 6 a. m., [7 a. m.,] and that of 2 p. m., and
of the observations of 10 p. m., [9 p. m.]

4. The monthly means drawn from the means of each day; the

monthly extremes of the instruments; the monthly amount of the

rain, hail, or snow; the mean cloudiness of the sky; the prevailing-

wind, &c.
5. The annual means and amounts, and the respective extremes for

the civil year.

It will be interesting to calculate also, if the observer is so disposed^

the mean of the seasons of the meteorological year_, which begins De-
cember 1, to November 30, of the following civil year;

The meteorological seasons are, then

:

Winter—December, January, February.

Spring—March, April, May.
(Summer—June, July, August,
Autumn—September, October, November.
In calculating all these difierent results, we should take, in order

to be very exact, the means of the sums of all the observations during
the period of time in question, by reason of the inecjuality of the
length of the months.

The sums which form the basis of all these means should be in-

scribed in the tables in the place reserved for them.
The preceding calculations, after a little practice, will not appear

difiicult, and may be quickly performed; but it can hardly be too

often urged upon the observer to make them without delay ; other-
wise, this task, which is slight if accomplished daily, would become
very heavy, if left to accumulate for several months. It is only by
maldng the correction himself that the observer can institute his own
comparisons, and really study the course of the meteorological phe-
nomena. His interest will increase still more with the feeling that
he is cooperating in a great work, which concerns at once his whole
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country and tlie science of the world, and the success of wliicli depends

upon the accuracy, fidelity, and devotion of all who take part in it.

A copy of the observations of each month must be forwarded for

publication during the first week of the following month. It should

be carefully collated by two persons, one of whom reads the figures

aloud. Each observer will receive for this purpose a double series of

blank forms, one of which will be retained by him.

Many of the phenomena connected with the state of the atmosphere

are of great interest for comparative climatology, especially in a prac-

tical point of view. The periodical phenomena of vegetation and of

the animal kingdom, such as the epoch of the appearance and the fall

of the leaves, of the flowering and ripening of the more generally cul-

tivated fruits ; the seed time and harvest of plants ;
the coming and

going of migratory birds ; the first cry of the frogs, the appearance of

the first insects, &c.; the moment of the closing of rivers, lakes, and

canals by ice, and of their opening ; the temperature of springs at

difi'erent periods of the year ; the temperature in the sun compared to

that observed in the shade ; that of the surface, and that below the

surface of the ground. All observations of this kind are valuable.^

The observer will find it very instructive to project curves which

indicate the diurnal monthly or annual variations of temperatures, of

atmospheric pressure, of moisture, &c., as well as thermometrical,

barometrical compasses, or circles, &c.

These graphic representations are of the greatest utility for the

comparisons, speaking to the eye more clearly than simple figures.

Besides the above directions for keeping an ordinary Meteorological

Journal, more special instructions for the study of peculiar meteoro-

logical phenomena are prepared by the Smithsonian Institution
;

as on
Thunder-storms, Tornadoes, and Water-spouts, Aurora Borealis,

Parhelia, Parasalenes, Haloes, Kainbows, Temperature of the soij.

Periodical phenomena of the vegetable and animal kingdoms, Graphic

representations of meteorological phenomena, &c. If any observer

should feel inclined to devote himself to the study of any one of these

physical problems, he may receive, on application, the special instruc-

tions relating to the point which he wishes to investigate.

[The directions given in the preceding article are not intended to

supersede those printed on the sheet of blank forms issued jointly by

this Institution and the Patent Office, but to impart additional

instruction, particularly to those who are furnished with a full set of

instruments and desire to attain as much precision as possible.]



METEOllOLOGY.

CIRCULAR RELATIVE TO EARTHQUAKES.

Sir : The Smithsonian Institution is desirous of collecting informa-
tion in reference to all phenomena having a hearing on the physical
geography of this continent ; and, in behalf of the Board of Regents,
it is respectfully requested that you will furnish us with any informa-
tion which you may possess, or be able to obtain, in regard to the
earthquake which lately occurred in your neighborhood.

It will be interesting to determine the geographical limits of the
disturbance, and to ascertain whether it was confined to any particular

geological formation. If the direction of the shock was observed at

a few places, the centre of commotion could be determined ; and if

the time were accurately know n at different points, the velocity of the
earth-wave could be calculated, Hence^ an answer is requested to the
following questions, ^viz:

1. Was the agitation felt by yourself, or by any other person in
your vicinity ?

2. What was the approximate time of the occurrence ?

3. What was the number^ and duration, of the shocks?
4. What was the direction of the motion ?

5. What was the character of the disturbance ? was it vertical, hori-

zontal, or oblique? was it an actual oscillation? an upheaval and
depression, or a mere tremor ?

6. Was there any noise heard? and if so, what was its character?
7. Was the place of observation on soft ground, or on a hard founda-

tion near the underlying rocks of the district ?

8. Were any facts observed having apparently an immediate or
remote bearing on this phenomenon ?

9.^ What v/as the intensity of the force in reference to producing
motion in bodies and cracks in walls ?

Note.—Please reply to the first question, if to no other—for an
answer to it is necessary, in order to determine the limits of the com-
motion.

The direction of the impulse may have been ascertained by ob-
serving the direction in which molasses, or any viscid liquid, was
thrown up against the side of a bowl. The remains of thejiquid on
the side of a vessel would indicate the direction some time after the
shock occurred.

Yerj respectfully, your obedient servant,

JOSEPH HENRY,
_

Becretary Smithsonian Institution.





METEOilOLOGY.

INSTRUCTIONS TOR OBSERVATIONS OF THE AURORA.*

GENERAL REMARKS.

Thoiigli the aurora borealis lias received attention during a consid-

erable portion of the last two centuries, definite information is still

wanting on several points -which may serve as the basis of a sound

induction as to its cause. These relate particularly to the actual fre-

quency of the appearance of the meteor ; its comparative frequency

in the different months of the year and different hours of the day
;

the connexion of the appearance of the meteor with other atmospher-

ical phenomena ; the elevation and extent of visibility of the arch
;

and whether the same or different phases are presented to individuals

at different stations at the same moment of time
;
finally, the precise

influence of the arches, streams, &c., on the magnetic condition of

the earth ; and whether any unusual electrical effects can be observed

during the appearance of the meteor.

Auroral phenomena may be divided into the following classes :

1. A faint light in the north, without definite form or boundary.

2. A diffused light, defined by an arch below.

3. Floating patches of luminous haze—sometimes striated.

4. One or more arches, resembling the rainbow, of uniform white

color, retaining the same apparent position for a considerable time,

and varying in luminosity.

5. A dark segment, appearing under the arch.

6. Beams, rays, streamers, waves, transverse and serpentine bands,

interrupted or checkered arches, frequently tinged with color, and

showing rapid changes in form, place, and color.

7. Auroral corona, or a union of beams south of the zenith.

8. Dark clouds accompanying the diftuse light.

9. Sudden appearance of haze over the whole face of the sky.

The following may serve as a scale of brightness :

1. Faint. 2. Moderate. 3. Bright. 4. Very bright.

GENERAL DIRECTIONS.

1. Make a regular practice of looking for auroras every clear eve-

ning, from 8 to 10 o'clock, or later. Record the result, wliether there

be an aurora or not.

«s These instructions are principally adopted from those used in the Observatory at

Toronto, Canada.
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2. Note the time of observation, and compare the watch used with
a good clock, as soon after as is convenient.

3. Make a return of the latitude and longitude of the station.

4. Note the class to which the auroral phenomenon belongs.

5. If it be an arch, note the time when the convex side reaches any
remarkable stars, when it passes the zenith, disappears, &c.

6. If the arch be stationary for a time, mark its position among the

stars on the accompanying map, so that its altitude may be determined.

7. If it be a streamer or beam, mark its position on the map, and
the time of its beginning and ending.

8. If motion be observed in the beams, note the direction, whether
vertically or horizontally, to the east or west.

9. Note the time of the formation of a corona, and its position

among the stars.

10. Note the time of the appearance of any black clouds in the

north near the aurora ; also, if the sky be suddenly overcast with a

mist at any time during the auroral display.

11. Give the direction and force of the wind at the time.

12. Note if any electrical effects are observed.

13. Note the effect upon a delicately suspended magnetic needle.

USE OF THE MAP.*

1. To define the place and the extent of the aurora, the observer

should familiarize himself with the relative position of the stars in the
northern sky, by frequent inspection of the accompanying map, or a
celestial globe.

2. Let the observer place the map before him, with the constella-

tions in the j)ositions in which they actually appear at the time of the

observation. This may be done by holding up a plumb-line between
the eye and the pole star, noticing the stars which it cuts; then a
light pencil drawn through these stars and the pole on the map will

be the centre of the heavens,, or place of the meridian at the moment.
3. Mark carefully the place among the stars of the arch of the au-

rora, and show its v/idth by jiarallel curved lines. Make a note of

the time.

4. Draw a light curved line, following, as nearly as can be judged,
the outline of the arch down to the horizon, on each side.

5. If the arch changes its position, mark its new places at intervals,

noting the time of each observation.

G. Letter each position A, B^ C, &c., and note the time and other
particulars on the back or margin of the map, or in the register.

7. Beams or corruscations, or streamers of white or colored light,

may be marked by lines at right angles to the above, with arrow
heads pointing towards the place among the stars to which they tend,

or where they would meet, if prolonged.

8. To aid in the estimation of angular distances the spaces between
certain conspicuous stars have been marked on the map, which will

furnish a scale to assist the eye, when actual measurement may be
impracticable.

9. The course of brilliant meteors, when they fall within the por-

* Copies of the map will be furnished by the Institution.
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tion of the heavens included on the map, may he marked by a line,

the lengtli of whicli will show tlic path of the meteor; the course

should be indicated by an arrow, and the time recorded.

MAGNETIC APPARATUS.

Few observers will probably be furnished with a regular set of

luagnetical instruments. A temporary apparatus may, however, be
fitted up at comparatively little expense and trouble. For this pur-

pose a steel plate, such as was used a few years since for ladies' busks,

may be magnetized and suspended edgewise in the vertical plane, by
a few fibres of untwisted silk, in a box to ])revent agitation by the air,

furnished with a glass window on one side, through which observa-

tions may be made. To render the motions perceptible, a small
mirror should be cemented on the side of the magnet opposite the
Avindow. In front of this mirror, and at the distance often or fifteen

feet, an ordinary spy-glass is fastened to a block, and under the glass,

to the same block, a graduated scale, with arbitrary divisions marked
upon it^ is attached. The arrangement is such that the divisions of

the scale may be seen through the telescope, reflected from the mirror,

and consequently the slightest motion of the needle, and of the mirror
cemented to it, gives a highly magnified apparent motion to the scale.

The mirror may be formed of a flat piece of steel, highly polished by
means of calcined magnesia ; or, in default of a mirror of this kind, a
piece of plate looking-glass may be employed, provided one can be
procured sufficiently true. The suspension threads should be five or

six feet long. The instrument should not be placed very near large
masses of iron, and care should be taken not to change the position of

any articles of iron which are within the distance of fifteen or twenty
feet, otherwise a change in the position of the needle will be produced.
For a similar reason the box should be constructed without iron nails.

The above described instrument will indicate changes in the direction

of the magnetic meridian. A similar instrument, deflected at right
angles to the magnetic meridian by the torsion of two suspended
threads, will furnish an apparatus for indicating changes of hori-

zontal magnetic force.

ELECTRICAL APPARATUS.

To ascertain whether any change takes place in the electrical state

of the atmosphere during the appearance of an aurora, the end of a
long insulated wire, suspended from two high masts or two chimneys
by means of silk threads, may be placed in connexion with a delicate

gold leaf electrometer. Any change in the electrical state of the at-

mosphere, simultaneous with the aurora, will be indicated by the
divergence of the leaves. Two slips of gold-leaf attached by a little

paste to the lower end of a thick wire, passing through a cork in a
four-ounce vial, will answer for this purpose. The arrangement of

the leaves will be best made by a bookbinder, who is expert in the
management of gold-leaf.

The map when filled, together with any written observations, may
be returned to the Smithsonian Institution, endorsed Meteorology.
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[A continuous series of photographic registers of the motion of the

magnetic needle is now kept up at the joint expense of the Coast Sur-

vey and this Institution, which will serve for comparison with any

observations which may h*? made on the aurora.]

Prof. Olmsted, in a recent paper published by the Smithsonian In-

stitution, classifies different auroras as follows :

" Class I. This is characterized by the presence of at least three out

of four of the most magnificent varieties of form, namely, arches,

streamers, corona, and waves. The distinct formation of the corona

is the most important characteristic of this class
;
yet, were the corona

distinctly formed, without auroral arches or waves, or crimson vapor,

it could not be considered as an aurora of the first class.

" Class II. The combination oitivo or more of the leading charac-

teristics of the first class, but wanting in others, would serve to mark
class the second. Thus the exhibition of arches and streamers, both

of superior brilliancy, with a corona, while the waves and crimson

columns were wanting, or of streamers with a corona^ or of arches

with a corona, without streamers or columns, (if such a case ever oc-

curs,) we should designate as an aurora of the second class. j

" Class III. The presence of only one of the more rare character- \

istics, either streamers or an arch, or irregular coruscations, but with-

out the formation of a corona, and with but a moderate degree of

intensity, would denote an aurora of the third class.

" Class IV. In this class we place the most ordinary forms of the

aurora, as a mere northern twilight, or a few streamers, with none of

the characteristics that mark the grander exhibitions of the phenom-
enon."
The same author remarks :

''On the evening of the 27th of August, 1827, after a long ab-

sence of any striking exhibition of the aurora borealis, there com-

menced a series of these meteors which increased in frequency and
magnificence for the ten following years, arrived at a maximum
during the years 1835, 1836, and 1837, and, after that period, regu-

larly declined in number and intensity until November, 1848, when
the series appeared to come to a close. The recurrence, however, of

three very remarkable exhibitions of the meteor in September, 1851,

and of another of the first class as late as February 19th, 1852, indi-

cates that the close was not so abrupt as was at first supposed ; but

still there was a very marked decline in the number of great auroras

after 1848, and there has been scarcely one of the higher class since

1853.

"A review of the history of the foregoing series of auroras appears

to warrant the conclusion that it constituted a definite period, which

I have ventured to call the "Secular Period," having a duration of

little more than twenty years ; increasing in intensity pretty regular-

ly for the first ten years, arriving at its maximum about the middle

of this period, and as regularly declining during thelatter half of the

same perio'd."

If this view be correct, it would appear that but few brilliant dis-

plays of the aurora may be expected for a number of years to com.e.



METEOHOLOGY.

GREEN'S STANDARD BAROMETER.

The following is an account of Green's improved standard barometer,

adopted by the Smithsonian Institution, for observers of the first class.

The barometer consists of a brass tube, (Fig. 1) terminating at

top in a ring A, for suspension, and at bottom in a ilange B, to which
the several parts forming the cistern are attached.

The upper part of this tube is cut through so as to expose the glass

tube and mercurial column within, seen

in Fig. 5. Attached at one side of this

opening is a scale, graduated in inches

and parts ; and inside this slides a short

tube c, connected to a rack-work ar-

rangement, moved by a milled head D

:

this sliding-tube carries a vernier in

contact with the scale, which reads oif

to -j^Q- (-002) of an inch.

in the middle of the brass tube is

fixed the thermometer E, the bulb of

Mihich being externally covered, but in-

wardly open, and nearly in contact with

the glass tube, indicates the tempera-

ture of the mercury in the barometer

tube, not that of the external air. This

central position of the thermometer is

selected that the mean temperature of

the whole column may be obtained ; a

matter of importance, as the tempera-
^ ture of the barometric column must be

taken into account in every scientific

application of its observed height.

The cistern (Fig. 2) is made up of a

glass cylinder F, which allows the sur-

face of the mercury q to be seen, a top-

plate Gr, through the neck of which the

barometer-tube t passes, and to which

it is fastened by a piece of kid leather,

making a strong but flexible joint. To
this plate, also, is attached a small

ivory point li, the extremity of which

marks the commencement or zero of the

scale above. The lower part, contain-

ing the mercury, in which the end of the

barometer-tube t is plunged, is formed of two parts ij, held together

by four screws and two divided rings I on, in the manner shown in the
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figures 2, 3, and 4. To tlie lower piece

j is fastened the flexible bag w, made of

kid leather, furnished in the middle
with a socket k, which rests on the end
of the adjusting-screw 0. These parts,

with the glass cylinder F, are clamped
to the fl.ange B by means of four long
screws P and the ring R ; on the ring

R screws the cap s, which covers the

lower parts of the cistern, and supports

at the end the adjusting-screw 0. G,
i, j and k, are of box-wood ; the other

parts of brass or German silver. The
screw serves to adjust the mercury
to the ivory point, and also, by raising

the bag, so as to completely fill the

cistern and tube with mercury, to put the instrument in condition for

transportation.

In Fortin's barometer, and also Delcro's modification of it, a cement

is used to secure the mercury against leakage at the joints. This,

sooner or later, is sure to give way ; and tested under the extremes of

the thermometrical and hygrometrical range of this climate especially,

has made this defect more evident. This was removed by the substi-

tution of iron in the place of wood ; but it was soon found impractica-

ble, in this form of cistern, to prevent damage from rust. These ob-

jections led to the present plan of construction, which effectually

secures the joints without the use of any cement. The surfaces con-

cerned are all made of a true figure, and simply clamped together by
the screws, a very thin leather washer being interposed at the joints.

This would not be permanent, however, but for the especial care taken

in preparing the box-wood. The box- wood rings are all made from

the centres of the wood and concentric with its growth. They are

worked thin and then toughened, as well as made impervious to

moisture, by complete saturation with shellac. This is effected by

immersing them in a suitable solution in vacuo. The air being with-

drawn from the pores of the wood, is replaced by the lac. This,

however, with the after-drying or baking, requires care
;
but when

properly done, the wood is rendered all but unchangeable.

Another peculiarity consists in making the scale adjustable to cor-

rect for capillarity, so that the barometer may read exactly

with the adopted standard, without the application of any

correction ; and this, too, without destroying the charac-

ter of the barometer as an original and standard instru-

ment. Near the 30 inches line, figure G, is a line v, on the

main tube ; this last line is distant exactly thirty inches

from the tip of the ivory point ; therefore, when these lines

coincide, or make one line, the scale is in true measurement

position ; or the 30 mark is exactly thirty inchesfrom the

tip of the ivory point in the cistern. In this position, the

amount of correction due to capillarity being ascertained,

the scale is then moved that quantity and clamped firm.

The barometer will now give the readings corrected for ca-

^-

Mg.$
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pillarity, and thus avoid at once tlie labor of applying a correction

and the risk of error from an accidental neglect of it.

It mnst he home in mind that this correction applies only to the

particular tube, and while preserved in good condition.

If this tube is injured and again used, or another tube put in its

place, the scale should then be moved until the lines coincide, the

amount of correction for the repaired or the new tube being estimated

until a good comparison can be made directly or intermediately with
the Smithsonian standard.

The connecting the parts i and/ by rings and screws. Figs. 2, 3,

and 4, rather than by a single screw cut on the edge, is an improve-
ment, as the single wood-screw is apt, after a time, to adhere so firmly

that it is often difficult, and sometimes impossible with safety to the

parts, to separate it.

It is not advisable to disturb the cistern unless it becomes difficult,

from the oxide of mercury which gradually forms, to make the ad-

justment of the mercury to the ivory point, as there is more or less

risk in doing so. Any one accustomed to such mechanical affairs,

with due attention to the plan, can, however, take out the mercury
from the cistern, refilter, clear the parts of adhering oxide, and re-

place them ; the instrument all the time being kept vertical, with the

cistern at top, as the mercury must not be allowed to come from the
tube.

To insure a good vacuum by the complete expulsion of all air and
moisture, the boiling of the mercury in the tube is done in vacuo

;

and care should be taken to preserve it in good condition.

To put up the barometer for observation, suspend the barometer by
the ring A in a good light, near to and at the left side of a window,
and, when practicable, in a room not liable to sudden variations of

temperature. Eecord the temperature, and then, by the screw 0,
lower the mercury in the cistern until the surface is in the same plane
with the extremity of the ivory point. As this extremity of the point

is the zero of the scale, it is necessary, at each observation, to perfect

this adjustment. It is perfect when the mercury just makes visible

contact. If the surface is lowered a little, it is below the point

;

and if raised a small amount, a distinct depression is seen around the

point. This depression is reduced to the least visible degree. A few
trials will show that this adjustment can always be made to a thou-

sandth of an inch.

The adjustment effected, bring the lower edge of the vernier 0, Fig.

5J by means of the milled head D, into the same plane with the con-

vex summit of the mercury in the tube. Looking through the open-
ing, with the eye on a level with the top of the mercury in the tube,

when the vernier tube is too low, the light is cut off; when too high,

the light is seen above the top of the mercury. It is right when the

light is just cut off from the summit, the edge making a tangent to

the curve. A piece of white paper placed behind, and also at the

cistern, will be found to give a more agreeable light by day, and is,
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besides, necessary for night observations ; tlie lamp being placed before

the instrument and above the eye, to reflect the light.

Fig*.

n4
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If, as in Fig. 6. on this page, we find the index at 29 inches 3 tenths

and 5 hundredths, 29.350.

If, as in Fig. 7, we find the index at 30 inches no tenths 5 hun-

dredths and something more, this additional quantity we shall find
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If, as in Fig. 8, we find 29 inclies no tenths 5 hundredths, and on

the vernier the second line above that marked 2, is found to coincide

with the scale, each of these short lines indicates 2 thousandths—con-

sequently are so counted ; the reading is therefore 29.074.

Fig. 8.
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until the cistern and tube are just full. If it is screwed more than

this, the mercury maj be forced through the joints of the cistern. It

sliould then he inverted and carried cistern-end upwards.

This instrument is well adapted for service as a mountain baro-

meter, and when used as such is packed in a leather case with suit-

able straps for convenient carriage,



METEOROLOGY.

REUISTRY OF PERIODICAL PHEXOMENA,

The Smithsonian Institution, being desirous of obtaining informa-
tion with regard to the periodical phenomena of animal and vegetable
life in North America, respectfully invites all persons who may have
it in their power, to record their observations, and to transmit them to

the Institution. Tliese should refer to the first apf)earance of leaves

and of flowers in plants ; the dates of appearance a,nd disappearance
of migratory or hybernating animals, as mammals, birds, reptiles,

fishes, insects, &c.; the times of nesting of birds, of moulting and
littering of mammals, of utterance of characteristic cries among rep-
tiles and insects, and anything else which may be deemed note-

worthy.
The Smithsonian Institution is also desirous of obtaining detailed

lists of all the animals and plants of any locality throughout this

continent. These, when practicable, should consist of the scientitic

names, as well as of .those in common use ; but when the former are
unknown, the latter may alone be given. It is in contemplation to

use the information thus gathered, in deducing; general laws relating
to the geographical distribution of species of the animal and vegeta-
ble kingdoms of North America. Any specimens of natural history
will also be acceptable. Directions for their preservation have been
published by the Institution, and will be sent to all who may wish
them.
The points in the phenomena of plants, to which attention should

be directed, are:

1. Frondescence or Lcajing. When the buds first open and exhibit
the green leaf.

2. Flowering. When the anther is first exhibited:
a. In the most favorable location

;

h. General flowering of the species.

3. Fructification. When the pericarp splits spontaneously in de-

hiscent fruits, or the indehiscent truit is fully ripe.

4. Fall of leaf. When the leaves have nearly all fiillen.

The dates of these various periods should be inserted in their ap-
propriate columns.
When the observations for the year are complete, they should be

returned to the Institution, with the locality and observer's name
inserted in the blank at the head of the sheet.
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PLANTS.

List of plants

Acer 7-ubrum, L.—Red, or soft maple
Acer dasycarpum, Ehrh.—White, or silver

maple
Acer saccharimun, L.—Sugar maple
Achillea millefolium, L.—Millefoil or yarrow
Actma rubra, Willd.—Red banebcrry
Aciaa alba, Bigelow.—White baneberry

;

necklace weed
^sculus hippocastanum, L.—Horsechestnut
j'Esculus glabra, Willd.—Ohio buckeye
jJHsculus jiava. Ait.—Yellow buckeye
Ailaiitus glandulosa. — Tree of heaven

;

ailanthus-

Amelanchier canadensis.—Shad bush; ser-

vice berry

Amorpha fruticosa, L.—False indigo
Amygdalus naim, L.—Flowering almond..
Anemone nemorosa, L.—Wind flower ; wood
anemone

Aquilegia canadensis, L.—Wild columbine.

-

Arctostaphylos iiva-ursi, Spreng.—-Bearberry

Asclejnus cornuii, Decaisne.—Milkweed
Asimina triloba, Dunal.—Papaw
Azalea nudiftora, L.—Common red honey-

suckle

Bignonia {Tecoma) radicans, Juss.—Trumpet
creeper

Castanea vesca, L.—Chestnut
Carya alba.—Shag-bark, or shell-bark

hickory
Ccrcis canadensis, L.—Red bud : Judas tree

Ccrasiis virginiana, DC.—Chokeberry
Cerasus serotina, DC.—Wild black cherry..
Chionanlhus virginica, L.—Fringe tree

Cimicifuga racemosa, Ell.—Black-snake root;

rattlesnake root

Claytonia virginica, L.— Spring beauty
Clelhra alnifoUa.—Wliite alder, or sweet

pepper bush.

Cornus flm-ida, L.—Flowering dogwood*.

.

Cratcegm crus-galli, L.—Cockspur thorn
Cratcegus coccinea, L.—Scarlet-fruited thorn
Crato'gin oxycaniha, L.—English hawthorn
JSpigoirepens, L.—Trailing arbutus; ground

laurel

Epilobium anguslifolium, L.—Willow herb..
Er-ythronium anwricanum, Smith. — Dog-

tooth violet, or adder's tongue.
Frazinus amerimna, L.—White ash.
Gaylussacia resino,<ia, Torr. & Gray.—Black

huckleberry

Gerardia jlava, L.—Yellow false foxglove.
(reraniiim maculahtm, L.—Crane's bill

Ilalcsia (draptera, Willd.—Snow-drop tree.

« fee Flowering.

Fructifi-

cation.

Fall of

leaf.

' Tlie time of the expansion of the real flower, not of the white involucre.
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List of plants.

Ifejmdea triloba, Chaix.—Round lobed liver-

Avort

Houstonia cctrulea, Hook.—Bluets ; inno-

cence, &c
llyjta'icum 2)erforatum, L.—St. John's wort
Iris versicolor, L.—Large blue flag

Kalinia lalifolia, L.—Mountain laurel

Lauras benzoin, L.— (Benzoin odori/erum,

Nees. ) Spice bush ; Benjamin bush
I.eucanthemum vidyare. Lam.—Ox-eye daisy;

white weed
Linna'a horealis, Gronov.—Twin flower

Ijobelia cardinalis, L.—Red cardinal flower

Lonicera tarUtrica, L.—Foreign spurs.

Lupinm perennis, L.-—Wild lupine

Liriodendron tuUpifera, L. — Tulip tree
;

American poplar.

Magnolia glauca, L.—Small or laurel mag-
nolia ; sweet bay

Mitchella rejjciis, L.—Partridge berry

Morus rubra, L.—Red mulberry
Nympha'a odorata. Ait. — Sweet-scented

water lily

Per^ica, valyaris, L.—Peach
Podopliyllunt pellatum, L.—Mandrake; May-

apple

rontederia cordaia, i/.—Pickerel weed
Pogonio ophioglossoides, Nutt. — Adder's

tongue
Pyrus communis, L.—Common pear tree..

Pyrii.s malas, L.—Common apple tree

Quercus all/a, L.—White oak
Phododendron maximum, L.—Great laurel ..

Pibes ridrrum, L.—CuiTant
Pohinia pseud-acacia, L.—Common locust..
Robinia viscosa. Vent.—Clammy locust
Pubus villosus. Ait.—Blackberry
Sambiicus canadensis, L.—Common elder
Sambucus nigra, L.—Black elder

Sanguinaria canadensis, L.—Blood root
Sarracenia jMrpurea, L.—Side-saddle flower
Saxi/raga virginiensis, Michx.—Early saxi-

frage.

Smiladna bifolia, Ker.—^Two-leaved Solo-

mon-seal
Syringa vulgaris, L.—Lilac

Taraxacum dens-leonis, Desf.—Dandelion
Tiliaamericana, L.—Bass wood; American

lime, or linden

Vlmus americana, L.—American elm
Viburnum leirtago, L.—Sweet viburnum

Flowering.
Fructifi-

cation.

Fall of

leaf.
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Birds.

BIRDS.

Arrival

in

spring.

Acaidhylis pdcifrjia, Boic.—Cliimney-bird ..

Agdaius phocnkens, L.—Eed-winged blaclc-

bird

Anscr canadensis, L.—Wild goose -

Ilirundo purpurea, L.—Martin

Hirundo ritfa, L.—Barn swallow

Fandion carolinus, Gm.—Fisli-liawk .......

Quiscalus ferniffineus, L.—Rusty blackbird

Quiscaliis verdcoloi; L.—Crow blackbird-

-

Sialia wilsonii, Sw.—Blue-bird --

lurdiis migratorius, L.—Robin
Tyrannula fusca, Sw.—Peweo
JMichonyx oryzivm-a, Sw.—Reed-bird, rice-

bird, bobliuk

Mimvs felivox, Sw.—Cat-bird

lyranmis intrcpidus, Vieill.—Ring-bird

IVofjlodytes aedon.—House wren
Antrostamus vociferous.—Whipporwill

S o
a a

Uevtileb—first appearance, cries, and general pecidiarities of habits.

Bnfo americanns, and otlier species of toads.

Rana, the various kinds of frogs.

Hyla and Hi/lodes, the several kinds of tree-frogs.

Turtles, lizards, snakes.

Fishes—j^rs^ a^ypearance and spaioning.

Salmo salar, L., salmon.

Alosa, shad.

Clupea, herring.

Anguilla, eel.

xicipenser, sturgeon.

Insects—their first oppearance and cries.

Flatyphyllum concavum, Harr., catydid.

Cicada, locusts—the several kinds.

(Ecanihus niveus, Harr., tree-crickets.

Grasshoppers, in their variety.

Fire-flies.

GENERAL PHENOMENA OF CLIMATE.

Phenomena of a general character, of which the date of appearance

cannot be mistaken, are very valuable. Series of years have in some
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cases been carefully observed, whicli would greatly add to the value

of tlie current record if forwarded with it. The following are of thi.^

class :

1. Breaking up of ice in large rivers or bays.

2. Date of greatest rise and lowest fall of water in large rivers.

especially when periodic, as in parts of the interior.

3. General leafing and fall of leaf in deciduous forests. In most

})arts of the North and interior these are v/ell marked and easily de-

signated periods.

4. Commencement of growth and the end of growth or destruction

of grasses in general ; as on plains or prairies.

5". First grovv^th, flowering, and maturity, of important annual sta-

ples, with their period in days from the commencement to the end of

vital action.





METEOEOLOGY.

OBSERVATIONS ON THUNDER AND LIGHTNING.

BY STILLMAN MASTERMAN,
Weld, Franklin County, Maine.

The following observations on the duration of peals of thunder

were made for the purpose of verifying an assumption of my own,

that the limit usually assigned to the continuation of the rolling of

thunder is too low. I find that in some instances the rolling sound

of the thunder lasts several seconds longer than what meteorologists

have generally given as its extreme duration. In observing the sound

accompanying discharges of atmospheric electricity, a great variety is

apparent, not only in duration, but also in intensity and general

character. It would be futile to attempt to give all the gradations

and tones under which this sound is presented to the ear ;
but I find

that it is conveniently divisible into four general classes, as follows :

1. That which commonly commences with not a very great force,

and increases, generally somewhat regularly, up to its maximum
intensity, and then decreases until reaching its termination. Some-

times the maximum occurs at or near the commencement of the sound,

and again as near its termination. This is the more common class of

thunder.

2. That which commences with a sound of moderate force and con-

tinues throughout its entire duration with but a slight variation in

intensity. In the annexed tables of observations, peals of this class

are designated by the word " uniform.'"

3. That which presents a sound alternately very loud and low, in

rapid succession ; sometimes having rapidly succeeding maxima and
minima during its whole continuation. I designate peals of this class

by the word ^'vibratory."

4. This class comprises those claps of thunder wliich have but a

momentary duration, like the sound of a cannon, fired wliere nothing

can reflect the sound as an echo. I distinguish claps of this class by
the term ^^ momentary."

In making the annexed observations, I used in most cases an ac-

curate solar clock beating seconds, by which to note divisions of time.

Selecting such a position near the clock as to have an unobstructed

view of the quarter of the heavens occupied by the storm, and to be

able to catch the least audible sound of thunder, I could count the

beats of the pendulum, either by the clicking, or, if necessary, by its

perceivable motion. In cases of peals of thunder preceded by visible

electric discharges, I commence to count the seconds from the flashing

of the lightnino; ; notinsr the first audible instant of sound of the

thunder, its maximum intensity, and its last moment of audibility,

by marking their respective number of seconds from the instant of

visibility of the lightning. In peals not preceded by visible lightning
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which could he identified_, I have commenced to reckon time from the

first instant of audibility of the sound.

As will he observed, the annexed observations were made, some at

Weld, Franklin county, Maine, and the others at Stillwater, Min-
nesota Territory,

A.

)Veld, Franklin County, Maine.—TJiunder-storm in the afternoon of the

lUh of August, 1850.

Observed the duration of a single peal of thunder, as follows :

Lightning flashed seconds.

I'hunder first audible 10

13

15

20

30

40
61

Entire duration of the sound, or rolling of the thunder. ! 51

loud
very loud
loudest

very loud
loud
becomes inaudible.

B.

Stilhvater, Minnesota Territory.—Thunder-storm in the morning of
June 24, 1851.

OBSERVATIONS.

( )rder of peals . .
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Stillwater, Minnesota Territory.—Thunder-storm in the mcrninfj of
July 5, 1852.

OBSERVATIONS.

Order of peals
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F.

Weld, FranUin County, Maine.—Thunder-storm in the afternoon of

September G, 1853.

OBSERVATIONS.
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a.

Weld, Franklin County, Maine—7'Jninder-storm in the afternoon of
September 7, 1853.

OBSERVATIONS.

Older of peals
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I.

JJ't'M, Fra}d'Jin CoHnfy, 3Iainc.—TJumdcr-sform in the afternoon of

June 9, 1S54.

OBSERVATIONS.

Oiilor of pcds
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K.

Weld, FranJclin County, Maine.—Thunder-storm at noon on June

13, 1854.

OBSERVATIONS.

•nior i>t' poals

.

a
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P.

Wdd, FranJcUn County , Maine.—Thunder-storm of Septemher 6, 1854.

OBSERVATIONS.

Order of peals
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PHENOMENA OF LIGHTNING.

1. Liglitning ivithout visible clouds.

Wtid, Me., Mmj 28, 1850.—At 9 o'clock in the evening, vivid flaslies

of liglitning appeared above the western horizon, while not a cloud was
to be seen in the visible concave. The stars shone brilliantly, and I

could readily distinguish those of the 5th magnitude immediately

above the western hills^ whence the lightning appeared to emanate.

The shy in that quarter was vividly illuminated by the lightning at

least fifty times during five or ten minutes.

S.ilhvater, Minnesota Territory, July 20, 1852.—Being out in the

open air, in the evening, I observed a sudden flash of lightning which
was followed by several succeeding flashes, occurring once in every

few moments. No thunder was heard. The flashes of lightning

were quite vivid and had a flickering appearance ; but they seemed to

emanate from no particular quarter of the sky, being diffused over

the whole visible arena. At the time, but a few clouds could be seen,

most of t]jese being small, thin, and fleecy ; and the sky presented a

dingy or hazy ground, particularly so near the horizon. Along the

northwestern horizon lay a small stratum of clouds, but they pre-

sented no appearance of being the seat of the electric discharges ;
on

the other hand they remained quite dark during the several flashes.

At daybreak on the succeeding morning, we experienced a smart
thunder-storm.

Weld, Me., May 28, 1853.—In the evening the sky was very clear;

not a single cloud was to be seen in any quarter. While out in the

open air, between 9 and 10 o'clock, 1 observed a great number of

vivid flashes of lightning. I could not discern that the lightning

proceeded from any particular part of the sky. The sky was slightly

smoky or dingy near the horizon.

2. Cuspidated lightning.

Weld, Me., June Y, 1850.—At 6 o'clock p. m. we experienced a heavy
thunder-storm. When the storm had passed a little to the eastward

tri-cuspidated WghinmgvfiXB exhibited ; that is to say, the electric dis-

charge emanated from the clouds as a single chain^ but soon divided,

approaching the earth in three different lines. After the lapse of a

few minutes I observed four distinct streams of the electric fluid to

emanate from the same point and at the same time, and pursue as

many different paths to the earth.

Prairie luest of Freeport, Illinois, May 30, 1851.—Being out in the

open air in tlie evening, during a severe thunder-storm, I observed

hi-cuspidated and also tri-cuspidated electric discharges.

Stillioater, Minnesota Territory, July 4, 1852.—At 8 o'clock p. m,,

there was a large body of thunder-clouds just above the eastern hori-

zon, on the north side of wliich were two horn-like projections extending

outward parallel with the horizon and each other to the extent of

about 12°, and being about the same distance apart. There were fre-
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quent discharges of zigzag lightning passing between these horns,

projected on a ch^ar sky, as a back-ground. In one instance, two

chains of electric fluid were seen to leave the upper one simultaneously

3° apart, and unite on reaching the lower cloud.

3. Curvatcd elecii'ic discharges.

In the thunder-storm of June 7, 1850, when tlie storm lay to the east-

ward, an electric spark passed from the eastern cloud to one in the

western ski, apparently in a curvated path. During a thunder-storm

occurring on the 30th of June last^ (1856,) I observed an electric spark

to describe a semi-circular arc ; the chord or diameter of the arc being

45° in extent, parallel with and near to the horizon.

4. Miscellaneous electric phenomena.

During the thunder-storm on the prairie west of Freeport, Illinois,

on May 30, 1851, a ball of electric fluid apparently emanated from a

cloud, and after a few seconds burst, sending brilliant corruscations

over the entire vault above. •

StiU'wafer, Minnesota, Septemher 1, 1851.—In the evening, a small

cluster of columnar^shaped clouds rested on the horizon in the south-

east, their height being about 15°. Their outlines were distinctly

visible in the light of the lunar orb. As I was contemplating these

clouds, I observed vivid lightning appear from their upper edge,

about midway of the cluster. The lightning appeared like an intensely

brilliant disk exactly round, and about 2° in diameter, but of no longer

duration than an ordinary electric flash. This was succeeded in a few

seconds by another exactly similar flash, which was followed by several

others ; the disk of light appearing the same at each succeeding flash,

with the exception that it continually decreased in diameter, so that

at the end of twenty minutes it presented the apparent size of the sun.

Shortly after this, two other similar disks of light would appear

simultaneously with the first observed, and about 20° on each side of

it. After the last named phenomenon occurred, at about ten succeeding

flashes, the central disk sent out at each glow vivid chains of light-

ning which were projected far on the sky above.

Stillwater, Minnesota, June 14 and 15, 1852.—On the evening of

the 14th, and morning of the 15th, there was a slight thunder-storm.

I noticed that for several succeeding discharges of the electric fluid,

there was in every instance a sudden and violent gush of rain

immediately jorevious to the flashing of the lightning. I have ob-

served a like phenomena on other occasions.

Stillivater, Minnesota, July 21, 1852.—In the morning, just after

daybreak, we had a fine tliunder-storrn. While the storm was yet

coming up from the west I observed a vivid discharge of electricity

dart from the overhanging cloud to the southeastern horizon, where a

very slight spray of rain was falling at the time. There were no
clouds visible in that part of the sky beneath the one overhead. No
thunder was audible within five or ten minutes of the electric discharge,

and the first heard appeared to be located in the opposite direction.
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A phenomenon of thunder.

Weld, 3Ie., Jidij 18, 1854.—At sunrise in tlie morning, I heard re-

peated peals of heavy thunder while no clouds were visible above the

horizon. The thundering continued for several hours. For some

time not a single cloud was visible, yet the thunder was very heavy

;

occurring at intervals of a few minutes. At last, a few flying cumuli

appeared, but none from which thunder could proceed. No thunder-

clouds were visible during the day. It could not have been any other

sound mistaken for that of thunder ; for the peals were l^rolonged

rolls, sometimes nearly one-half a minute in length, having their

maxima and gradations like common peals of distant thunder. I could

not determine satisfactorily from which direction the sound proceeded.

Afterwards, however, I learned that the thunder-storm was to the

east of us. At a village eight or ten miles east of us on the morning

named above, a thunder-storm was visible low down in the eastern

horizon, which darted forth vivid flashes of lightniugj and gave out

heavy peals of thunder.



EXTRACTS

THE CORRESPONDENCE

SMITHSONIAN INSTITUTION.

Sketch of the Navajo Tribe of Indians, Territory of Neiu 3Iexico, hy

Jona. Letherman, Assistant Surgeon U. S. Army,

The Navajo Indians are a tribe inhabiting a district in the Territory

of New Mexico, lying between the San Juan river on the north and
northeast, the Pueblo of Zuiii on the south, the Moqui villages on the

west, and the ridge of land dividing the waters which flow into the

Atlantic ocean from those which flow into the Pacific on the east

—

giving an area of about twelve thousand (12,000) square miles. The
Navajoes can muster from twfenty-five hundred (2,500) to three thou-

sand (3,000) mounted warriors.

The great and distinguishing feature of the country occupied by
these people is the mountains. The entire country is composed of

them and the intervening valleys—their general direction being north

and south, with slight eastwardly and westwardly variation. They
are broken in many j)laces into deep ravines and caiions, which, for

the most part, run perpendicularly to the general direction of the

mountain. These canons afford, in many places, the only means of

traversing the country, unless with great difficulty and labor. On
their eastern aspect, these mountains present a slope which can be
ascended without much trouble, having an angle of elevation of

twenty, twenty-five, or thirty degrees ; but on the western side the

descent is generally abrupt and often impassable, presenting a perpen-

dicular wall of rock from three hundred (300) to four hundred (400)

or more, feet in height. The top of the mountain is frequently leva

to a great extent, forming the table-land, or mesas, in the parlance of

the Slexicans. The appearance, looking west from the top of a high
mountain, is that of a succession of comparatively gentle slopes, rising

one after another. Looking east from the same mountain a series of

high escarpments is seen as far as vision extends. These mountains
are chiefly composed of sandstone—rocks, in all probability, belong-

ing to the period of the "new-red sandstone" and carboniferous form-

ation. It is generally soft and friable ; some, however, being found

suitable for building purposes in this altitude and climate, but not
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for the lower and more humid portions of the United States, east of

the Territory of New Mexico. Some limestone, of a very impure qual-

ity, is found in various localities, but it is exceedingly difficult to re-

duce, requiring from ten to fifteen days for its calcination. Sulphate

of lime, conglomerate, and in some places bituminous coal, exist.

Pyropes, of a fine quality, are seen in difi'erent portions of the country,,

but they are generally small—the largest ever seen at Fort Defiance

weighing one hundred and twenty (120) grains. Masses of lava,

thrown up to the height of from two hundred to four hundred feet,

are visible in many sections of the country. An immense stream of

this substance exists on the road from Albuquerque to the Pueblo of

Zuiii and to Fort Defiance, about sixty miles from Albuquerque,

ranging from a few hundred yards to a mile or more in width, and

about forty miles in length. The centre of action is supposed, by a

competent judge, to have been in the mountain of San Mateo, a high

mountain, visible from Santa Fe and Albuquerque, and west of the

latter city. This current seems to have flowed at a comparatively re-

cent period—the undulations and curled waves being distinctly visi-

ble ; and no mention is made of it by the Spaniards who first visited

New Mexico, although they traversed the portion of country through

which it has flowed. The Indians have no tradition of the eruption.

The stream is not in the district inhabited by the Navajoes, but upon

its borders. A few miles to the north and south of Fort Defiance

large trap-dykes have been thrown up, running across the valley in

which the garrison is situated. This, and the adjoining portions of

this continent, everywhere give evidence of violent and relatively

recent volcanic action. In addition to the eruptions found in so many
sections of this particular portion of the continent, we have direct tes-

timony in the account of the expeditions of the first Spanish adven-

turers to New Mexico and California, as in the following extract

:

" They followed their route, [in the vicinity of the head of the Grulf

of California,] and reached a place covered with ashes so hot that it

was impossible to march over it, for they might as well have drowned
themselves in the sea. The earth trembled like a drum, which caused

the suppositi(m of subterraneous lakes, and the ashes boiled in a man-
ner truly infernal."

The soil is chiefly sand, mixed in some places with clay, and is

ver^ porous. It is little susceptible of cultivation—doubtless, in some
measure, owing to the want of water for irrigation. The ground in

many places, especially after having been wet, is covered with an

efflorescence of impure carbonate of soda ; and when such is the case,

cultivation is out of the question. A qualitative analysis of the water

used at Fort Defiance shows the presence of carbonates and sulphates

of lime and magnesia and carbonate of soda, as the preponderating

constituents ; sulphate of soda, and traces of potash and chloride of

sodium. The water is very " hard," and acts as a purgative upon
those not accustomed to use it.

In wet weather, at the close of winter, and in July, August, and
September, the country, from the porosity of the soil, is almost im-

passable, both in the valleys and upon the mesas, except by the beaten

trails. The valleys and hills almost everywhere are covered with ar-



THE SMITHSONIAN INSTITUTION. 285

temisia, and where it grows nothing else will flourish, not even grass,

to any extent ; and the a])pcarance of the country, covered with this

shrub, is one of exceeding desolation.

The district possessed by these people has had for many years the

reputation of being the finest grazing country in the Territory of

New Mexico, and the fame thereof has reached the eastern portion of

the United States. The grass called in the country ''sheep gama"
is most abundant, and is found upon the sides of the mountains, upon

the mesas, and in the valleys, when not too moist. What is denom-

inated " horse gama" is a different species, and is not found except

in limited quantities ; almost none may, with propriety, be said to

grow in the Navajo country. This variety of gama is excellent for

grazing and for hay, being very nutritious and green in the win-

ter, when deprived of its cuticle. Horses are exceedingly fond of this

species, but of the "sheep gama" they are not. Taking the^ country

at largo, it will be found that, in regard to the abundance of natural

pasturage, it has been vastly overrated, and we have no hesitation in

saying that were the flocks and herds belonging to these Indians

doubled, the country could not sustain theni. There isrequired for

grazing and procuring hay for the consumption of the animals at Fort

Defiance, garrisoned by two companies, one partly mounted, fifty (50)

square miles, and this is barely, if at all, sufficient. The hay pro-

cured is a very inferior article, and such as could not be sold at a price

at all remunerative in the cultivated portions of the United States.

The great reputation which this portion of New Mexico has obtained

for grazing has, in part, no doubt, arisen from the fact of the country

having been but little frequented by the Mexicans, and, consequently,

but little known, and from the number of sheep driven from the set-

tlements on the Kio Grande by these people, although this, without

doubt, has been greatly exaggerated. It is far from uncommon that

a country which is little known, has attributed to it many qualities

which, on being more inquired into, have scarcely anything to rest

upon other than the fertile imaginations of those who have passed

through it, or live at some distance from it. The barrenness and des-

olation so inseparable from immense masses of rock, and hills and

valleys covered with artemisia, are here seen and felt in their widest

and fullest extent.

Pine, scrub-cedar, scrub-oak, and the pinon, are the more common

trees. The mountains, except where composed of the bare rock, are

sparsely covered with scrub-cedar, pinon, and stunted pines. The

large pine, suitable for building purposes, is found in the recesses of

the mountains, but is not abundant. The scrub-oak is scarce, and is

suitable only as a last resort for economical purposes.
_
A few small

cotton-v^ood trees are occasionally seen in the damp ravines. A spe-

cies of locust, bearing a very beautiful pink flower, has been found,

but the trees are small and scarce. The wild hop grows m many

places in great luxuriance, and is in every respect suitable for culi-

nary purposes. A species of wild currant and wild gooseberry, and

various kinds of willow, are met with. The variety of willow from

-which the "Northwestern Indians" procure the material so niuch

used for smoking, is indigenous, and the bark, when prepared, is
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identical wlien smoked, in taste and smell, as we can say from our

own experience, with that used by those Indians. It is said to he

used hy these Indians, hut we have never seen them using it. They,
however, do not use the pipe_, hut confine themselves to the cigarrito,

made of the corn-husk.

The animals found in this country are the brown bear, black-tailed

deer, antelope, wild-cat, porcupine, long and short-eared rabbity

prairie-dog, "coyote" and "lobo," two varieties of the wolf, and
the common fox ; two species of rattlesnake, and the tarantula are

also found. The eagle, raven, turkey-buzzard, various kinds of ducks

and teal, the "paisano," a species of jay, and what is called the

magpie, the wild-turkey, white and sand-hill crane, woodpeckers and
wrens, are the principal birds. We do not suppose this list to be

complete.

The annexed table is an abstract from the meteorological register

at Fort Defiance, in latitude 35° 40', longitude 109° 14' 30", and at

an altitude of about 8,000 feet above the sea, credit being due for the

observations taken previous to October, 1854, to the medical ofiicers

stationed there before that time.

ITean temperature of four daihj observations^ and maximum and minimum tem-

perature, arid quantity of rain^ in inches, for each inonth, at Fort Defiance, N. M.
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On the 25tli of December, 1855, the thermometer at the hospital

of Fort Defiance pjave a reading of thirty-two (32°) dcg-rccs below-

zero at (j\ a. m. The hospital is not by any means in the coldest

portion of the garrison. Two hundred yards distant the mercury, in

January, 1856, ranged from four to eight degrees below that at the
hospital, and there is not the slightest doubt of the freezing of the
mercury had the instrument been placed in the more exposed sit-

uation on the morning of December 25, 1855. A number of men on
detached service had their hands and feet frozen, and some badly.

The mercury was below zero four mornings in December, 1855, six

mornings in January, 1856, three mornings in February, and on the
mornings of the 1st and 2d of March it was also below zero.

The table above will give a fair idea of the climate of the country.

The winter of 1855 and 1856 was more severe than any one known
for many years. The wintry weather commenced on the 1st of No-
vember, 1855, and has continued up to the present time, (March 14,

1856.) The Rio Grande at Albuquerc[ue was frozen over, and with,

ice sufficiently strong to bear a horse and carreta. Those Indians
who live habitually to the north of Fort Defiance were obliged to

abandon that portion of the country and move south with their flocks

and herds in quest of grazing, on account of the depth of snow,
which on the mountain, at whose base the fort is situated, was over

two feet in depth in March, 1856. It is said by the Indians that once
in many years a winter such as that of 1855 and 1856 is experienced,

and the assertion is corroborated by the early Spaniards, but none of

such severity has been felt since the occupation of the Territory by
the United States troops. The winters in the portion of the country
inhabited by the Navajoes are, however, generally of short duration

and comparatively mild, there being occasionally experienced in De-
cember, weather in many respects similar to the "Indian summer"
of the Eastern States. As the days become longer and the sun has
more power, the roads become well nigh impassable, but it is almost
fatal to leave them for the drier-looking but more treacherous ground,
miring with horse or wagon being inevitable. In the spring, high
wiads, generally from the south and southwest, prevail, and clouds of

dust fill the air, rendering travelling at that season disagreeable in

the highest degree. Rain and snow also come for the most part from
the south and west. In the summer the heat is not oppressive when
one is not exposed to the direct rays of the sun ; but^ however warm
the days may be, the nights are cool and pleasant,, and blankets are

comfortable throughout the summer. The greatest quantity of rain

falls in July, August, and September. In April, May, and June,
vegetation becomes much parched, suffering greatly oftentimes for

water. The country is at such an altitude that evaporation goes on
with great rapidity, and when showers are not frequent, vegetation

sufiers.

The amount of land fit for cultivation is very limited when com-
pared with the extent of country. Out of New Mexico we doubt if

any similar extent of country can be found in the domain of the

United States, in which the proportion of cultivable land is so small

as in the country inhabited by these Indians. It is generally neces-
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sary to irrigate for the production of crops, and it will be seen at

once that tlie crops must he small when the great elevation of the

country, from seven thousand (7,000) to nine thousand (9,000) feet

above the level of the sea, and the limited supply of water, are taken

into consideration. In some localities the Indians do without irriga-

tion, by planting to the depth often and twelve inches, which can be

done in some places without depriving the seed of air, on account of

the porosity of the soil. Maize, pumpkins, beans, and wheat are the

only productions. Wheat is not sown broadcast, but ten or fifteen,

seeds are planted in a " hill," after the manner of planting corn in

the United States. Maize is planted in the same manner, the ground,

in all cases, being prepared for planting by means of the hoe. The
only fruit cultivated is the peach, and this is only found in the canon

of Chelly and a few small canons adjoining. We have seen some fine

specimens of this fruit brought from that caiion, but it can seldom

be obtained ripe, as the only mode of transporting in vogue among
these people is by means of buckskin bags on horses. During August
and September hundreds of Indians are collected in the caiion just

referred to, living on corn and peaches until the crops are exhausted.

Nothing can be learned of the origin of these people from themselves.

At one time they say they came out of the ground ; and at another,

that they know nothing whatever of their origin; the latter, no doubt,

being the truth. We have been informed by a Navajo, who is the

most reliable man in the nation, that his tribe is very far from being

pure blood ; that his people are mixed blood with Utahs, Apaches,

Moquis, and Mexicans, and to such an extent that it is a matter of no

small difficulty to find a pure-blooded Navajo. On this account it is

difficult to give a description that would apply to the whole tribe.

Those of purest blood are of good size, nearly six feet in height, and
well proportioned ; cheek-bones high and prominent, nose straight

and well shaped ; hair long and black ; eyes black ; superciliary ridge

small ; teeth large, white, and regular, and frequently very hand-

some ; maxillary bones not larger than usual in men of such stature

;

feet small ; lips of moderate size ; head of medium size and well

shaped ; forehead not small but retreating. Others, those generally

of mixed blood, have low and very retreating foreheads ; occiput

largely developed ; cheek-bones high and very prominent ; maxillary

bones large and projecting in front ; nose and lips very much resem-

bling those of the negro ; about five feet two inches to five feet six

inches in height ; the tout ensemhle giving the idea of a man far in-

ferior to the Caucasian in the scale of existence, and approaching, in

appearance, the brute creation, with which they have much in common.
So little government do these people possess, that it would be

difficult to give it a name. Anarchy is the only form, if form it can

be called. They have no hereditary chief—none by election ; he who
now holds the nominal title of chief was appointed by the superinten-

dent of Indian affairs for the Territory, and the Indians had nothing

to do with it ; a silver medal and a cane is the insignia of office.

The authority of the chief is merely nominal, and against the wishes

of a number of his tribe he is powerless, and his authority melts

away. Every one who has a few horses and sheep is a "head man,"
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and must liave his word in the councils. Even those who by supe-

rior ciinnin<:j have obtained some influence, are extremely careful lest

their conduct should not prove acceptable to their criticising inferiors.

The "juntas," or councils, are generally composed of the richcwst

men, each one a self-constituted member, but their decisions are of but

little moment unless tliey meet the approbation of the massof the people;

and for this reason these councils arc exceedingly careful not to run
counter to the wishes of the poorer but more numerous class, being

well aware of the difficulty, if not impossibility, of enforcing any
act that would not command their approval. This want of a chief who
would be looked up to by his people, and v/ith power to carry out

whatever measures are necessary for the welfare of his tribe, is a

groat drawback, and renders the management of these people a matter
often of serious concern, and requiring always a great deal of tact,

judgment, and discretion. The nation, as a nation, is fully imbued
with the idea that it is all-powerful, which, no doubt, has arisen from
the fact of its having been for years a terror and a dread to the inhab-

itants of New Mexico. The rich men, however, are fast becoming con-

vinced that the government troops are not frightened at the mention
of their names

;
yet this opinion is far from prevalent among those (and

they are the great majority) who ovv^n n-o flocks or herds. Persons of

this class frequently commit depredations to a small extent, and so

powerless is the chief to prevent acts of this kind, or punish the

depredator, that he frequently pays from his own herds the value

of the article stolen. In short, their government is no government
at all ; the chief has no authority, and ever}"- one does that which
seemeth good in his own sight. It is only the fear of tlie military

power which keeps them in any kind of order.

Their houses are temporary huts of the most miserable construction.

They are conical in shape, made of sticks, and covered with branches
and dirt, from six to sixteen feet in diameter, and in many of them a

man cannot stand erect. A hole covered with an old blanket or

sheepskin serves the purpose of a door. The hovel is doubtless warm
enough in winter, but must be sadly deficient in fresh air, at least tO'

sensitive nostrils. Some live in caves in the rocks, and this can be
the only foundation for the assertion that they *' build stone houses."'

These people build no houses but the huts to which we have just

alluded, and they show tlie high degree of civilization so much
praised as being superior to that found among any other wild Indians
in any portion of the territory of the United States. In the con-

struction of their dwellings we have no hesitation in saying, that

these people are greatly inferior to the ''Northwestern Indians," as

we have seen the habitations of both. When an Indian dies in one
of these huts it is immediately abandoned, and upon no considera-

tion can any one be induced to inhabit it again, or to use it fqr any
purpose whatever. A small hut, about three feet in height, is erected

for taking hot-air baths after any fatiguing exertion. A number of

heated stones are placed inside, the person enters, and covering the
hole with a blanket, is soon in a copious perspiration.

The men clothe them.selves somewhat differently. Some wear short

breeches of brownish-colored buckskin, or red baize, buttoned at the

19
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knee, and leggins of tlie same material. A small blanket, or a piece

of red baize, with a hole in it, through which the head is thrust,

extends a short distance below the small of the back, and covers the

abdomen in front, the sides being partially sewed together ; and a

strip of red cloth attached to the blanket or baize, where it covers the

shoulder, forms the sleeve, the whole serving the purpose of a coat.

Over all is thrown a blanket, under and sometimes over which is worn
a belt, to which are attached oval pieces of silver, plain or variously

wrought. Many of the rich men wear, when " dressed," a coat and
pantaloons brought from the United States. A shirt made of un-
bleached cotton cloth, also from the Eastern States, and breeches of

the same material, made to come a little below the knee, are much worn
by the " middle class." The men, as a rule^ make their own clothes.

These articles constitute the only covering, together with the breech-

cloth and moccasins, that are used. Many are seen who wear nothing
but a blanket, and some in summer, nothing but the breech-cloth, and
we have seen some with no covering but moccasins and a cotton shirt,

when the mercury was below zero. The moccasin is made of buck-

skin, with a sole of raw-hide, and comes well up on the leg. It is

fashioned alike for men and women. The latter wear a blanket

fastened about the waist, and seAved up the sides for a skirt. The front

and back parts being attached over either shoulder, a covering is

obtained for the front and back portions of the body. The skirt comes
down below the knee, about half way to the ankle, the leg being well

wrapped in uncolored buckskin. They sit upon their horses in the

same manner as the men. As a general rule, neither sex wear any
head-dress ; an old cap or hat, or dirty rag, is sometimes worn, but
they have no regular covering for the head, even in the coldest days
in winter or warmest in summer. The hair is worn long, and tied

up behind, by both men and women. That of sick persons is gener-

ally cut short, and that of children also, to enable the latter-the more
easily to get rid of the parasitic insects which are by no means un-
common to the whole tribe. With very few exceptions, the want of

cleanliness is universal—a shirt being worn until it will no longer
hang together, and it would be difficult to tell the original color.

These people suffer much from rheumatism, and gonorrhcea and syph-
ilis are not at all rare. Many have a cough, and look consumptive.
Various herbs, sweating, scarifications, and incantations are the chief

remedial measures. Women, when in parturition, stand upon their

feet, holding to a rope suspended overhead, or upon the knees, the

body being erect. Accouchment is generally easy, and of short dura-
tion ; when difficult and prolonged, recourse is had to superstitious

observances to bring about a successful issue.

The chief grain used for food is maize. When not fully matured it

is pounded, mixed with pumpkins when these can be procured,

wrapped in the husk, and baked in the ashes. They doubtless have
other ways of preparing it, but we are "not aware of them. It would
be hard to say what they would not eat. The majority seem to live

on what they can get—deer, antelope, sheep, horses, mules, rabbits,

prairie-dogs ; and Ave have seen some eat meat in such a state of pu-
tridity that the sight Avas disgusting in the extreme. All are very
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fond of bread and sugar, and seem to have a natural taste for all kinds

of liquors. They never kill bears or rattlesnakes unless attacked,

some superstition being connected with these animals.

The chief occupation of these people consists in rearing sheep and
horses. The number of sheep has been very variously estimated, by

those who have been much among them, the highest estimate being

two hundred thousand, and this number is probably as near the

truth as can be obtained. The wool is coarsa and is never shorn.

The sheep are in all respects similar to those raised by the Mexicans,

occasionally one being seen having four horns. The males are per-

mitted to run with the herds at all seasons, and the young, conse-

quently, are born in the winter as well as in the spring and autumn,

and many die. For this reason, their flocks do not increase with the

rapidity generally believed by those not much acquainted with these

people. It is a great mistake to suppose there is anything peculiar

about Navajo sheep, for such is not the case. Goats are also reared,

and are allowed to run with the sheep. The mutton is excellent in

the autumn, when the sheep have had the benefit of the summer's
grazing, but we think not at all superior to that obtained in the east-

ern and mountainous portions of the United States.

The spinning and weaving is done by the women, and by hand.

The thread is made entirely by hand, and is coarse and uneven.

The blanket is woven by a tedious and rude process, after the man-
ner of the Pueblo indians, and is very coarse, thick, and heavy, with

little nap, and cannot bear comparison with an American blanket for

warmth and comfort. Many of them are woven so closely as to hold

water ; but this is of little advantage, for when worn during a rain

they become saturated with water, and are then uncomfortably heavy.

The colors are red, blue, black, and yellow ; black and red being the

most common. The red strands are obtained by unravelling red

cloth, black by using the wool of black sheep, blue by dissolving

indigo in fermented urine, and yellow is said to be by coloring with

a particular flower. The colors are woven in bands and diamonds.
We have never observed blankets with figures of a complicated pattern.

Occasiona.lly a blanket is seen which is quite handsome, and costs at

the same time the extravagant price of forty or fifty dollars ; these,

however, are very scarce, and are generally made for a special pur-

pose. The Indians prefer an American blanket, as it is lighter and
much warmer. The article manufactured by them is superior, because

of its thickness, to that made in the United States, for placing between
the bed and the ground when bivouacing, and this is the only use it

can be put to in which its superiority is shown. The manner of weaving
is peculiar, and is, no doubt, original with these people and the neigh-

boring tribes ; and, taken in connexion with the fact of some dilapi-

dated buildings (not of Spanish structure) being found in different

portions of the country, it has suggested the idea that they may once

have been what are usually called "Pueblo Indians."

They possess from fifty thousand to sixty thousand horses, which
are doubtless descended from those brought to this continent by the

Spaniards. In rearing them attention is only given to the character

of the sire ; none being paid to that of the dam, as they suppose the
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superiority of the offspring to depend entirely upon tlie excellence of

the former. Tlie horses are small, a few handsome, and a very few

fleet. They are frequently ridden fast and a long distance in a day;

but they are usually often changed, and after having been ridden

hard, are turned into the herd and not used again for many days.

The saddle is not peculiar, but generally resembles that used by the

Mexicans. They ride with a very " short stirrup," which is placed

farther to the front than on a Mexican saddle. The bit of the bridle

has a ring attached to it, through which the lower jaw is partly

thrust, and a powerful pressure is exerted by this means when the

reins are tightened. Hanging down beneath the lips are small pieces

of steel attached to the bit, which jingle as they ride. The side and
front parts generally consist of strings

;
sometimes made of leather,

and not unfrequently ornamented with plates of pure silver, of the

purity of which, by the way, these people are excellent judges. The
chief merit of these horses consists in their being very sure-footed.

It is not a little astonishing that the published accounts of them
should be so far wide of the mark; such as "that they are equal to

the finest horses of the United States^ in appearance and value." We
have seen great numbers of these horses, and instead of being "equal

to the finest horses of the United States," we can say, without the

slightest hesitation, that they have been vastly over-estimated, and
are far inferior in appearance, usefulness, and value to the American
horse. A few are comparatively fleet and handsome, but there are

numbers of army horses in the Territory fleeter, better looking, and
much more valuable. Two or three comparatively fine horses can

occasionally be found in a herd of a hundred, but to give as a general

character of these animals such as has been given in the above quota-

tion is a great mistake. The usual price is thirty dollars.

It cannot, with truth, be said of these Indians that "they encourage

industry by general consent," for the word "industry" cannot with

propriety be applied to them. They plant wheat and maize, and
rear horses and sheep, but are not, in any proper sense of the term,

an industrious people. Like all Indians, they will not work more than

is necessary for subsistence; and, were the word "laziness" substi-

tuted for "industry" in the quotation just given, the statement would

be much more nearly correct. They are, however, industrious beggars.

They do not "make butter and cheese." These are rare articles

in a Mexican household; and when we are aware that nearly all their

knowledge of the arts of civilized life is derived from their inter-

course with Mexicans, and that they have very few cattle, the error of

attributing the manufacture of these articles to these people is ap-

parent. Some who own cattle make from the curd of soured milk

small masses, which some have called cheese ; but to give this name
and no description of the article, would certainly leave an erroneous

impression. It bears little resemblance to the substance denomi-

nated cheese in the United States.

For ages these Indians have been a terror to the inhabitants of New
Mexico. AVherever they have gone among the inhabitants of the

valley of the Rio Grande^ they have spread consternation and dismay

;
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doors have been closed and fastened, and invocations to the saints

offered up for protection. They are even said to have insulted the

ji:overnor in his palace, at Santa Fe^ and filled the city with terror.

Shepherds have abandoned their fiucks at the appearance of one of

these men of the mountains; and children have been, and are yet,

frightened into good behavior by tlie mention of their name. But
since the occupation of the country by the United States forces, this

prestige is fast melting away even with the Mexicans. Their great
fame for bravery has arisen not so much from any courageous disposi-

tion superior to that of other Indians in the Territory, as from their

numbers and from the character of the people with whom they have
had to deal.

Some years since, a small party of Delawares appeared among
them to revenge an outrage perpetrated upon one of their numl)er who
had wandered west of the Rio (frande, and to this day these ])eople

hold a Delaware in the highest respect. Prior to the abolition of

Spanish authority upon this continent, the Spaniards spread desolation

throughout their entire country and compelled them to beg fervently

for peace. But this wholesome state of things changed for the worse
when the Spanish rule ceased, and until the authority of the United
States was established in the Territory, the Navajoes ran riot, masters
wherever they went ; and, from the fact of their having been allowed
so to do, they yet hold themselves in high esteem ; but instead of being
feared by government troops, the order of things is fast becoming re-

versed, as may be perceived from the fact of two companies of United
States troops having held in check over two thousand warriors mounted
and armed.
They use the bow and arrow, and spear, and use them well. The

bow is about four feet in length, and made of some kind of wood
which is said not to grow in the Navajo country, and is covered on the
back with a kind of fibrous tissue. The arrow is about two feet long
and pointed with iron. The spear is eight or ten feet in length, in-

cluding the point, which is about eighteen inches long, and also made
of iron. In case of war, they would give no inconsiderable trouble

;

not so much from active fightings as from frequenting high and al-

most inaccessible cliffs, in which the country abounds, and the many
hiding-})laces in the cailons and recesses of the mountains, which,
for a time, from their superior knowledge of the country, they would,
in a measure, be able to do. It would not be correct, however, to

suppose that they would not fight, for so great an idea do they have
of their prowess, that they no doubt would trust in their skill and
bravery until it was apparent that these would not avail ; but, like

all Indians, they would not risk a fight, if it were possible to avoid
it_, unless they possessed greatly the advantage in position and num-
bers. Some of them have fire-arms in addition to their usual wea-
pons. We have seen some excellent looking rifles in the possession
of some of them, bearing the name of ''Albright," (of St. Louis,
doubtless,) which the owners state were procured in the Territory of
Utah. They have not been sufficiently accustomed to the use of these

weajpons to use them skilfully, and at present are much more formid-
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able witli the bow and arrow. They value fire-arms highly, and
obtain them whenever an occasion offers.

Of their religion little or nothing is known, as, indeed, all inquiries

tend to show that they have none ; and even have not, we are informed,

any word to express the idea of a Supreme Being. We have not been
able to learn that any observances of a religious character exist

among them ; and the general impression of those who have had
means of knowing them is, that, in this respect, they are steeped in

the deepest degradation. Their system of morality is exceedingly

defective. No confidence can be placed in any assertion they may
make, unless it be manifestly for their welfare to tell the truth ; they

give utterance to whatever they suppose is calculated to promote
their interests. Theft and mendacity are common vices. The habit

of stealing is so common, that they will appropriate to themselves

whatever they can lay their hands on, whether of any use or not, such

as door-knobs and keys. Not only do they steal from those who do

not belong to their tribe, but continually from one another. Those
who possess anything which they consider valuable, invariably hide

it from their own family ; for husbands cannot trust their own wives.

So little confidence do they place in each other, that those who own
herds fear to leave them, lest some depredation be committed by their

own people. Application has been made to the present commanding
ojBficer of Fort Defiance, (Major Kendrick_, U. S. Army,) by one of the

richest men in the nation, to have his cattle placed under the pro-

tection of the guard which has charge of those belonging to the post,

on the ground that he could not prevent people of his own tribe from
killing them. And we may add, in this connexion, that the same
person requested the commandant tO" put balls and chains on some of

his peons (a system of peonage existing among these people) who
had been cauglit stealing, not daring to take the responsibility of

punishing the culprits upon himself.

Such facts as these show how ill-founded is the statement made of

these people, that " dishonesty is held in check by suitable regula-

tions." If any such regulations exist, (which we do not hesitate to

doubt,) they are most emphatically a dead letter. Their morals are

extremely loose—the husband keeping a constant watch upon his

wife, lest she stray from the paths of rectitude ; and venereal dis-

eases are by no means uncommon. The women, however, exert a

great deal of influence—more than in the majority of Indian tribes.

They have entire charge of the children, and do not allow the father

to correct his own offspring. In fact, an Indian has said that he was
afraid to correct his own boy, lest the child should wait for a conve-

nient opportunity, and shoot him with an arrow. The husband has

no control over the property of his wife, their herds being kept sepa-

rate and distinct ; from which, doubtless, arises the influence of the

women not only in their own peculiar sj^here, but also in national

matters, w]nch it is well known they oftentimes exert. The wife is

usually bought with horses, of her father—no ceremony that we are

aware of being performed ; and if upon trial she does not like her

husband, she leaves him, and there the matter ends. Polygamy is

practised by all who can afford to sustain more than one wife
;
but the
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women do not necessarily inhabit the same hut, or even live in the

same neighborhood. Property docs not descend from father to son,

but goes to the nephew of the decedent, or, in default of a neidiew, to

the niece ; so that the father may be rich, and upon his death his

children become beggars; but if, while living, he distributes his prop-

erty to his children, that disposition is recognised.

Captives taken in their forays are usually treated kindly. Those
who have been some years among them, for the most part prefer re-

maining rather than join their own kindred. Those who do leave

them are generally such as doubtless have been punished for their

own misdeeds, and are such^ judging from what we have seen, as

would be a nuisance to any community, however savage—surpassingly

idle, lazy, and vicious.

Hospitality exists among these Indians to a great extent, all being
said to share whatever food they may have with any one who visits

them. Nor are these people cruel, in the usual acceptation of the word
as applied to barbarous nations. They are treacherous ;

they will

steal, and will not hesitate to kill, when by so doing their pur-

poses are more easily accomplished ; but they are not prone to murder
for the mere love of taking life.

They have frequent gatherings for dancing, and are fond of games
of skill, and of chance—the latter being more in vogue than the former,

as they are greatly addicted to gambling, often risking everything

upon the issue of a single g;ame. One game is played somewhat on
the principle of gambling with dice. Their singing is but a succes-

sion of grunts, and is anything but agreeable.

In speaking of these people we liave been compelled to differ in

many respects from what has been written concerning their man-
ners and customs, and mode of life. "A character has been given
them (Transactions of the American Ethnological Society, vol. 2)

that would do honor to a civilized and christianized community for

industry, morals, and intelligence. We hazard nothing in the asser-

tion that they are neither an industrious, moral, nor a civilized peo-

ple. In the whole nation one or two may be found who are reliable

men, considering they are Navajo Indians, who would not falsify

merely for the sake of falsifying, or steal for the love of stealing ; but
we would not advise any one to place confidence in even the best of

these people, lest he should find himself leaning on a reed easily

broken.

The lack of traditions is a source of surprise. They have no knowl-
edge of their origin, or of the history of the tribe. If they are a branch
of the raceof people who attained such a high degree of civilization in

Mexico, they have greatly degenerated, and would scarcely be recog-

nised by their more polished brethren. Upon this head all is in-

volved in obscurity and doubt, though there is no want of fanciful

speculation. Resemblances have been found, where, upon more care-

ful inquiry, it is impossible to find the faintest trace ; old dilapidated

buildings, evidently of Spanish origin, have been searched throughout
their length, breadth, and height, for vestiges of a by-gone race.

Pieces of broken pottery have been closely scrutinized, wisely pondered
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over, and carefully figured in books as relics of a past age and
a civilized people ; samples of which, in no way diiferent, may at

any time he obtained by brealving a " tinaja," which can be procured

from any pueblo for half a dollar. The ardent and laudable de-

sire shown to trace the orio;in, divisions, and resting-places of this

people, have, we think, taken a wrong direction, and that their

language alone can be of service in tracing them, if they can be traced

at all. It is impossible to learn anything from the people themselves,

as they have no traditions. A volume of no mean size might be writ-

ten, were all the stories of interpreters taken for truth ; but it would
be found one mass of contradictions, and of no value wliatever. If ever

these people possessed the art of making pottery they have lost it, for

they certainly make none now. They cultivate no cotton, neither do
they produce any fabrics of that material, nor do they make any feather-

work. Though we have had an abundant opportunity, we have never

seen anything approaching, in the slightest degree, the description of

the feather-work of the ancient inhabitants of Mexico. Almost all

the arts they possess, and which are very few, may be accounted for

by the occupation of New Mexico by the Spaniards-. With minds filled

with one absorbing idea—that of discovering the stopping-places of the

renowned race found by the conquerors in the valley of Tenochtitlan

—

this country has been hurriedly traversed, and old buildings have been

restored in drawings by enthusiastic imaginations, and filled with the

ancestors of these people. A unity of origin of different races has been
deduced from manners and customs that are common to humanity.

We have ventured to suggest, that the language must be studied to

discover a common origin, if such ever existed. To trace it in their

habits, or in their arts and customs, or by catechising Indians, is, we
think, entirely out of the question. It is a matter of no great diffi-

culty to learn from intelligent Pueblo Indians that one day they ex-

pect to see Montezuma ; that they worship him, and keep fires con-

stantly burning to await his coming. Indians are proverbially shrewd
in these things, and unless questions are put with extraordinary tact,

they are keen enough to see what answers would be well received, and
answer accordingly. As well might the origin of the tribes in New
Mexico, because some of them keep a constant fire, (upon which so

much stress is placed,) be ascribed to the inhabitants of ancient Persia

or of Rome, as to any other. It has been no uncommon custom among
nations in different periods of the world's history to kindle sacred fires;

so that we think little reliance can be placed upon this coincidence
;

and we believe just as little can be placed in the statements of the

comings and goings and miraculous interpositions of Montezuma.
The so-called hieroglyphics are equally unsatisfactory. Many of the

pictures (which arc very rude) were evidently drawn for mere pastime,

and with reference to»past, present, or future events, have no signifi-

cance whatever. The figures drawn upon pottery are only the result

of a rude taste common to uncultivated people. Those sketched upon
rocks are of a similar character ; some, however, seem to have been

engraven for the purpose of giving a visible embodiment to the lech-

erous imaginings of an uncivilized people, whose inclinations in many
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respects would be disgraceful to the brute creation. These remarks,
Ijowever, apply more especially to the Pueblo ludians in the vicinity

of the Navajo country, the Navajoes themselves having, as we have
remarked, no traditions, make no pottery., nor do they keep any sacred
liies burning,

A new country and a new people are apt to excite the imagination
of those who see them for tlie first time. Especially is this the case
in the present instance. This country, which M^as long a terra incog-

nita, has been pointed out as the probable temporary abode of the
celebrated people found by the Spaniards in the valley of Mexico,
while everything relating to them is interesting on account of the
obscurity which envelopes their origin.

Note.—It afTorda me much pleasure to acknowledge my obli!2;ations to Major Kendrick,
oi the army, for information in reference to this country and these people ; and espe-
pinlly as the vahie of his information is Cfjualled only by his willingness and his kindness
iu im^Kurting it.





CORRESPONDENCE.

TOPOaRAPHY OF BLACK MOUNTAIN,

Bt Hon. THOMAS L. CLIN OMAN, op N. C.

The following communication contains information relative to the

to-pograpliy of a portion of our country but little known. The highest

point of the Black Mountain, now called Clingman's Peak, is tlie most
elevated spot on our continent, east of the Rocky Mountains. This fact

has been fully established, since the date of Mr. Clingman's letter, by
a series of measurements, conducted with every precaution to insure

accuracy, by Professor Guyot. He found the altitude of Mount Mitchell

to be 6,585 feet, and that of Clingman's Peak to be 6,710 feet.

J. H.J Secretary S. I,

AsHEViLLE, N. C, October 20, 1855.

My Dear Sir : The interest you manifested, a year or two since,

with reference to one of the mountains in our region, induces me to

address this letter to you. From time to time there have been dis-

cussions as to where the highest point of land is to be found east ef

the Mississippi river. You doubtless recollect a controversy as to tho

relative height of the White Mountains of New Hampshire, and iha

Black Mountains of North Carolina. Professor Mitchell succeeded, I

tliink, in making it appear that that portion of the Black Mountain
since called Mitchell's Peak, or Mount Mitchell, was higher than Mount
Washington, the elevated point of the White Mountain range.

But even at the time of his measurement I was of the opinion that

he had not succeeded in getting upon the highest point of the Black
Mountain. In our frequent conversations, both before and since that

time, he did not appear to feel at all confident on the subject. It is

with reference to the fact that another peak of the mountain is higher
than any ascended, or measured by him, tliat I purpose now to speak.

It may appear strange to some persons, at a distance, that at this

time there should be any doubt as to the fact, capable seemingly of

so easy demonstration. Those who have been on the mountain, and
who therefore know the difiiculty, heretofore, of getting to the top,

do not share in this feeling. When_, some twenty years ago. Dr.
Mitchell began his observations with reference to the height of the

mountain, it was much more inaccessible than it has since become, by
reason of the progress of the settlements around its base ; so that he
was liable to be misled, and thwarted by unforeseen obstacles in his

efforts to reach particular points of the chain ; and when lie did attain

some part of the top of the ridge, nature was too much exhausted to
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allow more than an observation as to the immediate locality. It has

happened that in his several attempts, both from the north and the

south, he never succeeded in reaching the highest portion of the

range.

The Black Mountain lies wholly on the western side of the Blue

Ridge, the name given in this State to the mountains which divide

the waters of the Atlantic from those of the Mississippi.
^
It is nearly

twenty miles in length, and in form almost makes a semi-circle, with

one of its ends projected in the direction of its tangent. In a })art of

its course it approaches within three miles of the Blue Ridge, and is

c<mnected with that mountain by a lower ridge than itself. _At the

junction there rises a pyramidal peak, known as the High Pinnacle

af the Blue Ridge, and which is probably the very highest point of

the " Great Divide," surpassing, I think, both the Grandfather and

the Hog-back. About one mile north of where this connecting ridge

unites with the Black, stands Mount Mitchell. Something more than

one-third of the entire chain of the mountain runs from this peak,

first in a westerly, and at length in a northwesterly direction.

Rather more than half of the ridge of the Black, therefore, lies to the

northeast of Mount Mitchel. The chain in its entire length is covered,

not only on its top, but down its sides, for one or two miles, with

dense forests of the balsam-fir tree. Its dark green foliage gives the

mountain, whether seen in summer or winter, from all points of the

compass, and at all distances, the appearance of ground recently

burnt over, and irresistibly suggested the name by which it has been

known since the earliest settlement of the country. That point which

I am satisfied is the highest of the range, is situated about three (3)

miles to the northeast of Mount Mitchell. Having lately visited it,

with a view of determining, as nearly as possible, under the circum-

stances, its altitude, I now propose to give you the results of _my ob-

servations. I shall, in the first place, assume that the height of

Mitchell's Peak has been correctly ascertained, though, in common
with several subsequent observers, I am inclined to think that Dr.

Mitchell rather understates its real altitude above the sea. During

his observations he had a barometer stationed at Asheville, for the

purpose of comparison with that which he carried with him. Ashe-

ville he estimated to be twenty-two hundred (2,200) feet above the

level of the ocean. He gave for the height of the peak bearing his

name six thousand six hundred and seventy-two (6,6*72) feet. Between

this and another point my comparison has been so made as to leave no

doubt whatever of the superiority of the latter. During the period

of my observations, one barometer was observed by Mr. W. McDowell,

the clerk in the Bank of Cape Fear, at Asheville, and another by

Dr. A. M. Forster, who lives a mile from the village, and who was

kind enough to assist me in this manner. From this place to the top

of Mount Mitchell the distance is not more than twenty miles in a

direct line. The barometer which I carried with me has been in my
possession some months ; and repeated trials at various elevations, of

well-known heights, have given me the iullest confidence in its accu-

racy. Whenever there is a difference of ten feet in the height of two

stations, no difficulty is experienced in determining it. On the 8th
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September last, at nine o'clock and twenty-four minntes, at the top of

Mount Jlitchell, the barometer stood twenty-three and forty-nine hun-
dredths (23.49) inches. At the highest point, which I reached pre-

cisely at twelve o'clock, or two hours and thirty -six minutes later, it

was twenty-three and three-tenths (23.3) inches. I remained on th^
top until one o'clock witliout perceivinsi; any change. Taking each of
these nineteen hundredths (.19) at this altitude to represent eleven
feet, there would be a difference of two hundred and nine (209) feet in

favor of the latter peak. At Asheville, from eight o'clock to twelve
o'clock, (the time when he closed the bank,) Mr. McDowell saw no
change whatever in his barometer. Dr. Forster observed his at ten
o'clock, at twelve o'clock, and at two o'clock, without any change
whatever being perceptible. Neither observed his barometer at a
later hour than I have indicated above. I found, however, at six
o'clock in the evening, on my return to the house I had left at eight
o'clock in the morning, there had, in the interval of ten hours, been
a fall often hundredths, (.1). Indei)endently of the fact that neither
gentleman saw any change^ during the morning, in his barometer, I

liave reason to believe that the fall took place in the afternoon, be-
cause it became somewhat cloudy, and from the circumstance that the
barometer continued to fall slowly for two or three hours later in the
evening. If, however, part of this fall should be taken to have oc-

curred during the morning, between the hours of nine and twelve
o'clock, it would somewhat reduce the altitude of the highest peak
above Mount Mitchell, but would still show it to be the higher from
one hundred and forty (140) to two hundred (200) feet. Of the fact

of its greater elevation no o..e will doubt who visits them both on the
game day, provided it be clear enough to allow them to be seen in con-
nexion with the other mountains around.

Until, however, I had attained the highest point, I did not feel

altogether sure but that one of the other j^eaks immediately north of
it; might not be equally or nearly as high. It happens, however, that
the course of the ridge northward was diiectly towards the Roan, a
mountain that for nine miles of its length has nearly a uniform height,
ascertained by Dr. Mitchell to be six thousand one hundred and eighty-
seven (6,187) feet above the sea, or more than five hundred (500)
feet lower than the Black. As its direction is nearly at right angles
with the line from my position to it, portions of it were beyond the
highest points of the northern range of the Black. Thus, though it

was distant nearly thirty (30) miles, in a direct line, and though it

was more than five hundred (500) feet lower than the spot on which I

stood, yet portions of it were visible directly over these points. Hav-
ing been there more than once, I saw clearly that the line of vision
passing the top of any one of the peaks on the Black would have
struck it below the crest of its ridge. What was still more satisfactory

to me, was the fact that these three points of the Black appeared to

the eye to have about the same elevation, being almost, but not quite,
in a line with each other. The northern, or most remote one, at the
termination of the mountain, near Burnsville, was ascertained by
Professor Mitchell to be ninety (90) feet lower than the Roan. It was
distant from me about eight (8) miles, and though much lower than
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I was, yet it appeared as high as the nearer points; making it clear,

therefore, tliat the descending line from my eye to it, did not fall below
any part of the chain north of me. 1 was in this way fully satisfied

that the ground on which I stood was higher than any of these points.

I may remark, in confirmation of the barometrical measurement,
that, when one is standing on the top of Mount Mitchell, while the
peak I visited appears the highest of all above the horizon, the remote
ones are still visible, and may be seen still in connection with the
Eoan, but appear to rise considerably above it. Taking the indica-

tions of the barometer to be correct, as observed by me, and assuming
the height of Mitchell Peak to be six thousand six hundred and seventy-
two (6,672) feet, the other would be six thousand eight hundred and
eighty-one (6,881) feet above the ocean. But, according to the sur-

veys for the line of the extension of the Western railroad, as detailed

in the report of Major Gwynn to the legislature of our fState, in De-
cember last,, and which were brought within one mile and a quarter
of Asheville, the height of this place—I mean the square where the
court-house stands—is two thousand two hundred and sixty (2,260)
feet above tide-water. This survey corresponds in its results with one
made many years ago by the Charleston and Cincinnati Railroad
Company. Sixty (60) feet should, therefore, be added to Dr. Mitchell's

estimate of the height of this place, which would give his peak an
elevation of six thousand seven hundred and thirty-two (6,732) feet,

and the higher one, that of six thousand nine hundred and forty-one

(6,941) feet. For the reasons already stated, the height of the latter

may be subject to some deduction, but not to an extent to affect mate-
rially this estimate. My object, however, is not so much to prove its

absolute height as to show that it excelled any point as yet measured,
and leave to the more competent the task of determining the precise

altitude. There is no doubt whatever but that it is the highest por-
tion of the Black Mountain, and that point of land east of the Rocky
Mountains having the greatest altitude above the sea. As it has
never, to my knowledge, been designated by any particular name, a
description of its position is necessary to identify it. If one should
travel along the top of the ridge from Mount Mitchell, in a northerly
direction, less than a half mile will bring him to Mount Gibbes_, so

called from the fact that it was measured by Professor Gribbes, of

Charleston, South Carolina, a few years since. I have been informed
that he estimated it as being four (4) feet higher than Mitchell's Peak.
If there be a difference in the elevation of the two points, it probably
does not exceed that stated by liim. From tliis place there is an irre-

gular descent for about one (1) mile, where my companions and I

found ourselves nearly five hundred (500) feet below the top of Mount
Mitchell. We then had to climb a handsome, regular! j''-shaped pin-

nacle, which reminds one of a sugar-loaf, and which rises to within
one hundred and fifty (150) feet of the height of Mitchell's Peak. On
its north side the descent is less. Our vfay then continued over irre-

gular elevations and depressions for about two (2) miles, till we found
ourselves in a sort of prairie ground, or natural meadow, magnificent
and beautiful in the extreme. From the further edge of it, a steep

but regular ascent of about two hundred and twenty (220) feet brought
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US to the highest point. The top is level for eight (8) or ten (10)
yards, and on it the balsam-fir tree still retains its place, though short-
ened to the height of only twenty (20) feet. On the right hand there
runs oif, in the direction of Toe river, a ridge which slowly descends
to that stream, distant some six ((i) or seven (7) miles. It is thus
easy to identity this peak, and its approach is no longer difficult.

From the head of the Swannonoah, at Mr. Steps', where an angler
can find speckled trout, there is an easy way to the Mountain House,
built by Mr. William Patton, of Charleston, South Carolina. Its

present occupant will provide one with pleasant lodgings, and, what
mountain journeys render so welcome, all such comforts " for the
inner man" as this region affords, with fresh salmon from Scotland,
and champagne from France, to make them go down easily. After
resting here awhile, at the height of five thousand four hundred and
sixty (5,460) feet above the sea-level, two miles of travel on horse-
back, as hundreds of ladies can testify, will bring you to the top of
Mount Mitcliell.

When one is upon this peak, he appears to be on a centre, from
which there run off five immense mountain chains. To the north-
ward stretches the main ledge of the Black, with a succession of cones
and spires along its dark crest. On its right, from the far northeast,
from the Keystone State, across the entire breadth of Virginia, seem-
ingly from an immeasurable distance, comes the long line of the Blue
Kidge or Alleghany ; but when it passes almost under him, it is com-
paratively so much depressed as scarcely to be perceptible, save where
at the point of junction, stimulated by the presence of its gigantic
neighbor, it shoots up into a pinnacle so steep, that, to use a hunter's
phrase, it would ''make a buzzard's head swim, if he were to attempt
to fly over it." Thence it runs southerly, till it touches South
Carolina, when it turns to the west, and is soon hidden behind col-

lossal masses that obstruct further vision in that direction. As the
chain of the Black sweeps around westwardly, it is suddenly parted
into two immense branches, which run off in opposite courses. The
northern terminates in a^ majestic pile, with a crown-like summit,
and numerous spurs from its base ; while to the south there leads off

the long ridge of Craggy, with its myriads of gorgeous flowers, its

naked slopes and fantastic peaks, over which dominates its great
dome, challenging, in its altitude, ambitious comparison with the
Black itself.

_
Let the observer then lift his eye to a remote distance, and take a

circuit in the opposite direction. Looking to the southeast and to
the east, he sees, beyond King's Mountain, and others less known to
fame, the plain of the two Carolinas stretched out over a field of illim-
itable space, in color and outline indistinguishable from the ' azure
brow" of the calm ocean. Nearer to him, to the northeast, over the
Linville Mountain, stands squarely upright the Table Rock, with its

perpendicular faces ; and its twin brother, the " Hawk-bill," with its

curved beak of over-hanging rock, and neck inclined, as if in the act
to stoop down on the plain below. Further on there rises in solitary
grandeur the rocky tlirone of the abrupt and wild Grandfather. Thig
"ancient of days" was long deemed the "monarch of mountains,"
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Lilt now, like otlier royal exiles, he only retains a shadow of liis for-

mer authority in a patriarchal name, given because of the grey beard

he shows when a frozen cloud has iced his rhododendrons. Westward
of him stands a victorious rival, the gently undulating prairie of the

Roan, stretching out for many a mile in length, until its green and
flowery carpet is terminated by a castellated crag—the Bluff.

From this extends southerly the long but broken line of the Unaka,
through the passes of which, far away over the entire valley of East

Tennessee, is seen in the distance the blue outline of the Cumberland
Mountains, as they penetrate the State of the "dark and bloody

ground." In contrast with the bold aspect and rugged chasms of the

Unaka, stands the stately figure of the Bald Mountain, its smoothly

shaven and regularly-rounded top bringing to mind some classic cupola

;

for when the sunlight sleeps upon its convex head, it seems a temple

more worthy of all the gods than that Pantheon, its famed Roman
rival. As the eye again sweeps onward, it is arrested by the massive

pile of the great Smoky Mountain, darkened by its fir-trees, and often by
the cloudy drapery it wears. From thence there stretches quite through

Haywood and Henderson to South Carolina's border, the long range

of the Balsam Mountain, its pointed steeples over-topping the Cold

Mountain and Pisgali, and attaining probably their greatest elevation

towards the head of the French Broad river.

Besides these the eye rests on many a "ripe green valley" with its

winding streams, and on many a nameless peak, like pyramid or tower,

and many a waving ridge, imitating in its curling shapes the billows of

the ocean when most lashed by the tempest. And if one is favored

by Jove, he may perchance hear the sharp, shrill scream of his

"cloud-cleaving minister," and, as he sweeps by with that bright eye

which "pierces downward, onward, or above, with a pervading

vision," or encircles him in wide curves^ shows reflected back from

the golden brown of his long wings,

"The westering beams asLint"

of the descending sun.

But from Mount Mitchell, where one is still tempted to linger, since

my first visit, a way has been opened quite to the highest point. As
one rides along the undulating crest of the ridge, he has presented to

him a succession of varied, picturesque, and beautiful views. Some-
times he passes through open spots smooth and green enough to be

the dancing grounds of the fairies^ and anon he plunges into dense

forests of balsam, over ground covered by thick beds of moss, so soft

and elastic that a wearied man reposes on it as he would on a couch

of softest down. In the last and largest of the little prairies, one

will be apt to pause awhile, not only for the sake of the magnificent

panorama in the distance, but also because attracted by the gentle

beauty of the spot, its grassy, waving surface, interspersed with flat-

tened rocky seats, studded, in the sun-light, with glittering scales of

mica, and here and there clusters of young balsams flourishing in

their freshest and richest green, in this, their favorite climate, pointed

at top, but spreading below evenly till their lower branches touch the

earth, and presenting the outlines of regular cones.
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From this place the hl<^liest })eak is soon attained. Any one ^Yho
doubts its altitude may thus easily satisfy himself, for it stands, and
will continue to stand, courting measurement. One who frt)m the
eminence looks down on its vast proportions, its broad base, and long
8))urs running out for miles in all directions, and gazes in silent

wonder on its dark plumage of countless firs, will feel no fear that ita

"sliadow will ever become less," or that in the present geological age
it will meet the fate fancied by the poet, when he wrote the words

—

"Winds iin<ler ground, or waters forcing way,
Sidelong had pushed a niount.un from his seat.

Half sunk with all his pines."

I fear, my dear sir, that I have made this letter much too long for

Tour patience; and yet the vegetation and surrounding scenery of
this mountain, peculiar and remarkable as it is, might well tempt me
to say many things that I have omitted, I hope your interest in all

that relates to natural science will find an apology for my having so
long trespassed on your valuable time.

I am very truly yours, &c.,

T. L. CLINGMAN
Prof. Joseph Hexrt.

20





CORRESrOT\^DENCE.

COMMUNICATION liELATIVE TO THE PUBLICATION OF
SPANISH WORKS ON NEW MEXICO.

• Dear Sir : We ask leave to call your attention to tlie existence of
some MSS. of a very early date, wliicli belong to tlie history of this
country, with the hope that you may consider their publication as a
proper object for the Smithsonian Institution to undertake, and in the
Spanish—the language in which they are written.

It is known to the Secretary that an invasion by the Spaniards of
the territory since called New Mexico, took place in the years 1540,
1541, and 1542, accounts of which have come to us from two hands

—

Castafieda and larramillo. They are together long, and possess a
variety of interest.

The army marched through the present States of Cinaloa and So-
nera, crossed the Gila river, and having passed through the celebrated
towns of Cibola and crossed the Pvio Grande near Santa Fe, came upon
the Buffalo Plains, and are supposed to have reached the Mississippi
river. They give us the first reliable information of the curious state

of Indian civilization existing there
;
people living in communities,

of diverse languages, inoffensive, industrious, gaining their support
principally by husbandry, and practising all the virtues with a rigor
that belonged to no other American nation, and we believe everywhere
without a parallel.

A copy of these MSS. is in the Historical Collection of James
Lenox^ Esq. They have never been printed in the Spanish, and only
in the French

; but, from some careful comparisons of other transla-
tions that have come from the same source with the original works,
v/e are satisfied that they cannot be relied on for accuracy

;
yet these

have afforded nearly all that is quoted or known in this country of
the discovery and early history of New Mexico. The publication of
these papers in the language in which they are written will give oppor-
tunities for their being rendered into other languages ; still, however
exact may be a translation, it must always be important, in writings
of such authority as these, to have the original to refer to in matters
of nicety and doubt.

At the same time that the viceroy of New Spain directed an army
to the north by land, he sent forward another by sea up the Gulf of
California to co-operate with Coronado. Alarcon disembarked at the
mouth of the river Gila, and ascended the Colorado river in boats

;

but finding the famed cities not so near the South sea as they were
supposed to be, the forces did not form a junction. The account of
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this expedition appeared in the Italian, and from it an English trans-

lation afterwards in Hackluyt. The original has never heen printed.

A copy is now in this country in the hands of John R. Bartlett, esq.

On the return of Alarcun, one of his " cosraograiAers," Domingo
del Castillo, drew a small map of the country they had traversed, and
generally of the geography of the north, as it was understood at that

lime. It portrays with wonderful accuracy the lands of recent dis-

covery, the seacoast, the position of the Spanish settlements, and the

course of the rivers. It is on a single quarto page, and there is a

copy of it in this country.

Thus we have here many important documents giving accounts of

tliese early explorations, and it is believed they may be got together at

the present time. They have been greatly needed in the country for a

number of years past, and their publication would prove of utility

and of great public interest.

From a particular calculation that has been made, it is found that

the foregoing narratives would cover about 323 pages of the folio of

the volume of the Smithsonian publications.

There is a second series of documents appertaining to a later period

of the history of New Mexico, Texas, and adjoining territories, that

are even less known than the first, to which we also ask the Secretary's

particular attention.

1. Memoirs respecting the Provincias Internas of New Spain, by
Lieutenant Jose Cortes, of the royal engineers, written in the year

1799. They will occupy 120 pages.

2. Diary & Route through the country newly discovered to the

N.N.W. of New Mexico, of tlie Fathers Silvestre Velez de E^calante

and Francisco Atanacio Dominguez, in the year 177G. This will

cover 116 pages.

These^ in manuscript, are in the library of Peter Force, esq.

3. Report of Lieutenant Cristobal Martin Bernal and Father Euse-

bio Fr. Kino, and others, in the year 1697, on the State of Pimeria.

It will occupy 31 pages.

4. Letter from Father Kino, touching an expedition made with the

Cap. Carrasco, in 1698, from Pimeria to the N.W. and Gulf of Cali-

fornia and back, a journey of 300 leagues. It will fill five pages.

5. Letter of the same, daled 16th September, 1698, respecting the

condition of Pimeria and the recent conversions therein. It will cover

five pages.

6. Letter of the Father Silvestre Velez de Escalante, dated 2d April,

1778, giving a history of New Mexico, by^ order of his superior, from
the archives in Santa Fe—pp. 25.

Of these documents—3, 4, 5, 6—Buckingham Smith, esq., has

copies from those in the royal archives in the city of Mexico.

7 and 8. Diary of Friar Francisco Garces to the river Colorado in

tlic year 1775, and Diary of Father Pedro Font, at the same time, to

San Francisco, with a small map by him. About 200 pages.

9. Diary of Ensign Juan Mateo Monge to the N. in a journey

with Father Kino in the year 1697. Supposed to be about 75 pages.
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Both these documents are in tlio Department of Foreign Affairs in

tlie city of Mexico, where copies of them can be procured with facility.

We are, sir, very respectfully, your obedient servants,

EDWAED ROBINSON,
Prcst. Am. IJlhnol'xficaJ Society.

HERMANN E. LUDEWKl,
Sec'y Am. Ethnol. Society.

E. GEO. SQUIER.
HEN. C. MURPHEY.
WM. B. HODGSON, of Georgia.

Prof. Joseph Henry,
Secretary of the Smithsonian Institution.

SuxNYsiDE, August 2G, 1854.

From a perusal of the accompanying letter, drawn up, as I under-
ptand, by Buckingham Smith, esq., late Secretary of Legation in

i\Iexico, I am induced to believe that the documents therein specified

are well worthy of publication, both in their original language and
in translation, by the Smithsonian Institution.

WASHINGTON IRVING.

Lynn, September 7, 1854.

I concur in the opinion expressed by Mr. Irving, especially in re-

gard to the first series of documents mentioned in Mr. Smith's letter.

WM. H. PRESCOTT.

Cambridge, September 13, 1854.

The Spanish documents enumerated in the communication drawn
up by Buckingham Smith, esq., appear to me valuable, as furnishing
new and interesting materials for a history of portions of tlie United
States hitherto little known, and I believe the Smithsonian Institution

would confer an important benefit on the country bv publishing them.
JARED SPARKS.

New York, October 5, 1854.

I shall be very glad to see the documents referred to by Messrs. Ir-

ving, Prescott, and Sparks, made accessible through tbe press. The
Diary of Father Pedro Font seems to be not the least inviting of the
series. Give us light, all the light that history can shed, on the vast
territory we have annexed.

GEORGE BANCROFT.

New York, October 11, 1854.

The publication of the documents referred to in Mr. Smith's letter

is very desirable.

Those named in the first series (and especially Castaiieda's account)
are very valuable.

FRANCIS L. HAWKS.





EEPOPiT

RECENT PROGRESS IN PHYSICS,

BY Dr. JOH. MUnLEU,
PROFESSOR OF PHYSICS AND TECHNOLOGY IN THE UNIVERSITY OF FREIBURG.

[Ti'anslated from tlie German for the Smithsonian Institution.]

It is a part of the original plan of organization of the Institution to

furnish occasional reports on the progress of special branches of knowl-

edge, and in accordance with this the following report has been trans-

lated from the German, in which it was written.

It relates to a branch of science which, perhaps, more than any
other, is in the process of practical application to economical purposes,

and is principally composed of materials not accessible to the English

reader. The original article is by Professor Miiller, the celebrated

German physicist. The translation was made by the late Woods
Baker, Esq., of the Coast Survey, whose untimely death, science has

been called to mourn.
We are indebted to Vieveg & Son for the wood-cuts, who have lib-

erally furnished us with copies of the original at the cost merely of

the metal and the casting.

A second portion of the work will be published in the appendix to

the next annual report of the Regents, and so on until the whole is

completed. The present portion will be found particularly valuable

in relation to the construction and use of galvanic batteries.

The report pre-supposes sucli a preliminary knowledge of the sub-

ject as may be obtained from the elementary books used in our schools
;

and in order to render some of the passages of the text more easily

understood, a few notes have been added at the end. The rapidity

with which government work is printed does not allow the additions

or corrections to be inserted on the proper page, and hence in study-

ing the article the notes should be examined first to ascertain the part

of the text to which they belong.

GALVANIS:\I.

SECTION FIRST.

THE CHEMICAL AND CONTACT THEORIES.

Introduction.—[The author commences his report on the recent pro-

gress of galvanism with a brief account of the discussions which have
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been carried on relative to the two hypotheses, as to the origin or

cause of the development of the electricity in the galvanic apparatus,

viz : whether it is due to the contact of tlie metals or to the chemical

action of the acid on one of them. But it must be evident to those

who have paid attention to the history of this branch of science that

justice cannot be done to this interesting discussion in a few i)ages of

this report, and that the author has merely given a brief sketch of

only one of the hypotheses ; but since this is comparatively little

known, except in Germany, it will be acceptable to the English

reader.]

This discussion has been carried on with no little warmth ;
but the

history of science shows that when a theory is properly established,

controversy in reference to it ceases. If any one, at this time, should

assert that the earth does not revolve about the sun, astronomers

would give themselves little trouble to refute the objection which

might be urged against the received theory. Drieberg recently

attacked the physical theory of the pressure of the air, but his opin-

ions have not produced the least excitement among physicists. Op-

position provokes discussion only when theories have not risen above

mere hypothesis, and this is partly the case with reference to tho

source oi' the electricity of the galvanic circuit.

The matter in dispute is not fully ripe for decision, and we can

only expect a perfect solution of the difficulty when we are better

informed of the nature of electricity itself. In Euler's time the

theory of the vibrations of light was advocated wath much ability,

yet this distinguished mathematician was unable to render it gen-

erally acceptable, and it was only by the discovery of new facts, par-

ticularly those of polarization, that the theory received that form

which silenced opposition. The exi)lanatiun of the origin of the elec-

tricity of the pile must rest on the theory of the molecular constitu-

tion of matter in relation to the ethereal medium, tlie existence of

which we are obliged to admit in order to generalize the facts of

light, heat, and other emanations from the sun. The establishment

of a general theory of this kind which will give definite conceptions

of the relation of known phenomena, and lead us to infer the exist-

ence of facts of which we have as yet no idea, is one of the most im-

portant objects of science, and even the attempts which have been

made to arrive at a general view of this kind have been fruitful in new

and interesting results.

The materials, however^ for the full establishment of such a theory

do not at present exist, and consequently we cannot expect more than

approximations to a generalization of the character required.

§1. Brief sketch of the theories.—Volta found that when a slip of

zinc and one of copper were soldered end to end, the one exhibited

signs of plus, and the other of negative electricity. He therefore con-

cluded that the electricity was due to the contact of the two metals,

and that the acid of the circuit only ])erformed the office of a con-

ductor. This view was at first generally adopted, but as the phe-

nomena came to be more minutely studied, it was found insufficient

to explain them, and Wollaston, Davy, and others, adopted the hypo-

thesis that the electricity was due to the chemical action of the acid
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on one of the metals. It has been shown that a galvanic current can

be produced by the action of two licjuids without metallic contact,

and therei'ore the theory of contact requires to be so modified as to

extend the idea of contact to that of the liquids as well as the solids

of the galvanic combination. On tlie other hand, it has never been

lully proved that the contact of two metals does not in itself produce

a disturbance of the electrical equilibrium, though tliis effect does not

appear sufficient to account for the great amount of electricity evolved

in the action of the battery. The two theories, properly modified,

approximate each other, and each, perhaps, involves elements of truth.

The hypothesis, that the development of electricity is only the con-

sequence of chemical action—that without chemical decomposition of

the electrolyte no electricity can appear in the circuit, is that against

which the attacks of the advocates of the contact theory were directed
;

and it is, indeed, opposed to a great number of facts. The chemical

theory, in this form, ignores completely the fundamental experiment
of Volta ; it does not explain how the tension of electricity of the open
])ile increases with the number of plates. But what is most incon-

sistent with the maintenance of this theory, is the circumstance that

a number of galvanic circuits can be constructed in which, when
open, not a trace of chemical decomposition takes place, but which,

nevertheless, give rise to currents when they are closed.

Schonbein, in a memoir "On the cause of the hydro-electric current,"

in his " Beitragen zur Fhydcalischen Chcmie—(Basel, 1844,") has re-

ferred to several such circuits. A solution of perfectly neutral sulphate

of zinc does not attack zinc; yet a combination of zinc and copper in

this solution produces a current.

Another weighty objection to the form of the chemical theory_,

which attributes the formation of the current to a preceding chemical

attack upon one of the metals of the circuit, is, that the electro-

motive force of a circuit is not at all proportional to the violence of

the attack. If the copper of a Daniells' battery be placed in a solu-

tion of sulphate of copper, the electro-motive force of the apparatus is

almost wholly unchanged, whether the zinc is placed in water, dilute

sulphuric acid, or in a neutral solution of sulphate of zinc. This has

been proved by Svanberg, among others, by accurate measurements.
{Pogg. Ann. , LXXIII, 290.) If the current had its origin in chemical

action, the electro-motive force should be far greater upon application

of dilute acid than of water and sulphate of zinc.

It is a fact, that the current of the water-battery (hydro-kette)

cannot circulate without decomposition of the liquid. The decompo-
sition appears essentially connected with the passage of the electricity

through the liquid, and the contact theory has lully acknowledged
the important part which chemical decomposition in the cells plays in

the formation of the current. A dispute as to whether decomposi-

tion is the cause of the electrical current_, or whether the chemical

decomposition in the battery is preceded by a state of electric tension,

the source of which we need not at present ask, is the same as though
there should be a controversy as to whether the motion of a water-

wheel is owing to the fall of water or the weight of water. The
weight occasions the fall^ and the fall the revolution of the wheel, just
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as the electric tension occasions chemical decomposition, in conse-

quence of which the current circulates. Even Faraday, who is prom-
inent in maintaining chemical decomposition as the source of the elec-

trical current, concedes that decomposition is preceded by a state of

tension of the liquid; for he says, in the case where he applies his

theory of induction to, electrolytic decomposition :

"The theory assumes that the particles of the dielectric (now an
electrolyte) are, in the first instance, brought, by ordinary inductive

action, into a polarized state, and raised to a certain degree of tension

or intensity before discharge commences; the inductive state being,

in fa.ct, a, 7iecessary preliminary to discharge. By taking advantage
of these circumstances, which bear upon the point, it is not difficult to

increase the tension indicative of this state of induction, and so make
the state itself more evident. Thus, if distilled water be employed,

and a long, narrow portion of it placed between the electrodes of a

powerful voltaic battery, we have at once indications of the intensity

which can be sustained at these electrodes, * * * for sparks may
be obtained, gold leaves diverged, and Leyden bottles charged."

—

Twelfth Series of Experimental Besearches on Electricity, 1345.

Thus Faraday himself concedes that a polarized state precedes de-

composition of the electrolyte in the separate cells of the battery, con-

sequently it precedes the formation of the current. The difference

between Faraday's theory of the pile, and the contact theory, is not to

be found in the fact of deriving the circulation of the current from
chemical decomposition in the cells. The contact theory supposes,

with Faraday, that in the water-battery (hydro-kette) the formation

of the current is the consequence of chemical decomposition in the

cells. It also supposes, with Faraday, that this decomposition must be

preceded by a state of tension ; and it is only in reference to the cause

of this tension, which is nothing else than the electro-motive force,

that there can be any difference of opinion.

§ 2. Schonhein's chemical theory.—Schonbein has attempted so to

modify the propositions of the two theories as to bring them more in

harmony. The following are the principal features of his theory, ex-

tracted from his own paper:
" AVhatever maybe the cause or force by which elementary sub-

stances are enabled to unite together into an apparently homogeneous
body, and to continue in their new combination, this much is cer-

tain—that a change must always take place in their condition if a. third

element is brought into contact with one of the substances, which
exercises a perceptible chemical attractive force upon the other

components of the compound. To illustrate our idea, let us select

water as an example. Oxygen and hydrogen are held together in

this compound with a given force ; or, to express the same thing in

other words, the chemical attractive forces of the elements of water
are in a state of equilibrium. An oxidable substance, as zinc, being

now brought into contact with water, it will have a chemical attrac-

tion of a certain intensity for the oxygen of the water. But in conse-

quence of this attraction, tlie chemical relation which subsisted between
the oxygen and hydrogen before the presence of the zinc must be
changed, or the state of the original chemical equilibrium of these
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elements is modified in a certain decree or destroyed ; or, in otlier

words, nndcr the circnnistances mentioned, the oxygen in each par-

ticle of water will he attracted in two opposite directions—towards the

zinc in contact with the raolecnle of water, and also towards the par-

ticle of hydrogen contained in this molecule.

"Now, since the least mcclianical molecular change taking place

in a hody disturhs its electrical e(iuilibrium, or its particles become
electrically polarized, the above described change, caused by the zinc

in the original chemical affinity of the oxygen for the hydrogen of the

water, is followed by the electrical polarization of the substances in

contact with each other. The particle of zinc nearest the water
becomes positive ; the oxygen side of the molecule of water touching
the zinc is negatively polarized ; the hydrogen side of the same
particle, positively. It is self-evident that the ]>article of water in

contact with the zinc will exert an inductive action on its adjoining
molecules, the latter upon the next particles, and so on, until all the
molecules of water connected together are in the state of electrical

opposition or polarization. Since an inductive action traverses the par-
ticles of w^ater from the place where the zinc and water are in im-
mediate contact, all the contiguous particles of zinc become polarized,

and in such a manner that the side of each particle turned from
the water indicates negative polarity, and the side towards the
water positive polarity. By placing in this polarized water a good;

conductor or a substance easily electrified, which is indifferent

towards the oxygen of the water, such as platinum, the sides of the
particles of this substance in immediate contact with the water
become negatively electrified, and the sides of the same particles

turned away from the w^ater positively in consequence of an inductive-

action, which is exerted by tlie polarized water upon the platinum.
" All the other particles of the platinum are similarly affected, that

is, the side of each molecule turned from the water has positive

polarity ; that of each towards the water has negative.

"The following diagram gives a clear representation of the electrical

condition in which the particles of zinc, water, and platinum are found :

" It is very evident that this

condition of all the particles of

the substance in question will

last as long as the cause pro-
ducing the polarization exists ;,

that is, as long as the chemical
attraction of the zinc for the
oxygen of the water continues.

But if the contact of the zinc

and water be broken, the op-
posite electrical conditions in

which the hydrogen and oxygen
of each molecule of water exist

,-j .,,,.,, ij are neutralized, which is ncces-
^^"^'

sarily fo-llowed by a like change
in the particles of platinum.

" Now, by placing the particle 1} of the arrangement in contact

Fig. 1.
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with P^ the negative side of the former will he in connexion with

the positive side of the latter, and the opposite states of the two

particles will mutually neutralize each other. But at the same moment
in which the equilihrium takes place in these particles, it takes place

between each two contiguous particles throughout the whole circuit

;

consequently between the positive side of a particle of zinc in contact

with the water and the negative oxygen particle of a molecule of

water in contact with the zinc. Likewise the electro-negative state

of a particle of platinum is in equilibrium with the positive state of

the oxygen particle of the water molecule with which it is in contact.

" The electrical equilibrium which now takes place between each

metallic particle and each component of a molecule of water is not

possible without a decomposition of the latter, and this very act of

equilibrium must be considered as the true and ultimate cause of the

electrical decomposition of water."********
" Evidently, according to this view, the actual combination ofthe ox-

ygen with the zincofthebattery is regarded as only a secondary action of

the current or the act of electrical equilibrium, and not as the cause or

source of the current itself. The chemical combination of the mole-

cules of oxygen and zinc being completed, and a substance being in

the water which can remove the oxide of zinc from its place of forma-

tion, a new particle of zinc will come in contact with a molecule of

water, and the latter, with all the particles of oxygen lying between

the zinc and platinum, will be electrically polarized anew. By keep-

ing the circuit closed, a neutralization of the electrical opposition will

take place between each two contiguous particles of the voltaic bat-

tery, and the decomposition of new molecules of water follows ; and

thus proceeds polarizing and depolarizing, circulation and electrolysis,

until the necessary conditions cease to be fulfilled.

"Suppose now that water is placed between two metals which

manifest an exactly equal attraction for oxygen ; it is evident that it

will be drawn with equal force, under these circumstances, in opposite

directions : hence the effects upon the particles of water by the metals

must be mutually destroyed ; the components of these molecules will

not be polarized ; and in closing such a circuit, neither circulation nor

electrolytic action can take place.

But if the water be placed between two metals, one of which has

greater affinity for oxygen than the other, the chemical equilibrium

existing between the components of each molecule of water will bw

destroyed, and in proportion to the difference of oxidability of tlie

metals used.

Since the destruction of the chemical equilibrium between the com-
ponents of the particles of water also involves the destruction of

electrical equilibrium, and the latter is as much more considerable as

the former is greater, it follows, that the degree of electrical polariza-

tion of the molecules of water between metals must be proportional

to the difference of oxidability of the said metals ; or, to express the

flame thing differently: the magnitude of the electrical tension which

the parts of an open circuit have for each other, is measured by the
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inagnitiule of the difFCTcnce wliicli exists between the degrees of ox-
idability of the metals composing the circuit." * * .

*

"Now, if the oxidability of a metal is actually related to its vol-

taic action as stated, it is very evident that the place which a metallic

body has in the tension series of the contactists denotes the degree
which belongs to the same metal in the scale of oxidability of metallic
bodies. Comparing the tension series of the metals obtained by
water and the galvanoscope, with the scale of oxidability of the same
bodies determined by ordinary chemical methods, it is impossible not
to see the great accordance between the two series." * * *

"Now, since we have a number of electrolytes in which other
metaloids than oxygen, such as the haloids, sulphur, and seleneum,
play the part of anions in their combination with hydrogen, it follows
from what has been said, that the electrical tension series of metals
determined with different electrolytes, cannot accord with each other
perfectly. This want of accordance has been placed beyond doubt by
various experiments, and the number of cases is not very small in

which tlie same two metals manifest a different voltaic relation for

each other when they are placed in diiferent electrolytic liquids ; so

that the same metal which in one liquid is positive towards the second
metal, manifests the opposite in another liquid.

" The case of a reversal of voltaic action which the same two
metals exhibit in two diiferent liquids must, in accordance with the
above statements, always appear when the chemical relation of these

metals to the anions of the electrolytes used is not the same ; that is,

when the afiinity of one and the same metal for the two anions of

the electrolyte does not exceed the affinity of the other metal for the
same anions, or shows the opposite relations."

" Experience above all teaches that in general the proportions of

affinity w-hich §xist between the metals and oxygen are similar to

those which take place between those bodies and the haloids, sulphur,
seleneum, &g. ; hence the voltaic relations which the metals manifest
in electrolytic liquids not containing oxygen, accord so frequently
with those which are observed in the same bodies in water." * * *

"Let us now consider those batteries which consist of one metal
and two electrolytic liquids.

" The most interesting example -is that composed of water, muriatic
acid, and gold.

" This battery yields a current which ])asses from the gold to the
acid, and from this to the water. This current is very weak, and by
reason of the rapid positive polarization of the gold immersed in the
water, it soon ceases to have a measurable strength.

" The origin of this current depends upon the simple fact, that

the gold possesses a greater chemical affinity for the chlorine of the

muriatic acid, than for the oxygen of the water." * * * *

"It is easily inferred from the preceding explanation, that all

voltaic arrangements consisting of two different electrolytes and a
metal must form circuits, in case the metal used has a greater chemi-
cal affinity for the anion of one of the electrolytic bodies than for

the -anion of the other. It is likewise evident that the force of the
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current tliiis produced must be proportional to tlie difference of the two
affinities." * ^ * * ^ * * * * *

" It need hardly he mentioned, that other than metallic bodies can
also be placed at either end of a continuous series of electrolytic

molecules to polarize them. According to the chemical relation wliich

such bodies manifest for the anion or kation of an electrolyte, its

molecules will be polarized in the latter or the former direction.
" If, for instance, chlorine be brought in contact with one of the

ends of a series of particles of water, the chemical equilibrium of

this molecule will be destroyed, and its hydrogen side will be directed

towards the chlorine. If the end of a platinum wire be placed in

contact vnih chlorine, and the other end of the same wir-e .vfith any
particle of water of the same series, a current must arise, passing

from this end of the platinum wire through the water to the chlo-

rine, while the latter combines chemically with the hydrogen of the

water.
" On the contrary^ a non-metallic substance being placed at the end

of a continuous series of molecules of water, having a chemical
attraction for the anion of this series, polarization of the particles of

water will occur, and it will be opposite to that which chlorine occa-

sions in the case mentioned above.
" Such a substance, for instance, is sul])hurous acid, which tends to

unite with the oxygen of the water. This tendency is sufficient to

polarize the particles of water, and under favorable circumstances to

set the current in motion.
*' By placing at one end of a series of molecules of water, a body

which has a chemical affinity for the anions, and at the other end a

substance having affinity for the kations of the molecules, it is evident

that this series will be under a double polarizing influence, and the

electro-motive forces coming into play will mutually increase each

other. A series of such electrolytic molecules, having, for instance,

chlorine at one of its ends and sulphurous acid at the other, if closed

by a conductor forming a voltaic circuit, must generate a current

stronger than that which appears in the cases where chlorine alone

or sulphurous acid alone are used, other things being the same.
'' It is hardly necessary to remark^ that my hydrogen and platinum

battery, as well as Grove's new gas pile, are voltaic arrangements,

which, although presenting some peculiarities, belong to the class of

combinations described above."

Schonbein finally describes the so called hyper-oxkh haUery. By
immersing in water a clean platinum jilate, and one furnished with a

covering of hyper-oxide of lead, a current will arise as soon as the

two metal plates are put in metallic connexion ; and the positive cur-

rent will pass from the clean platinum plate, through the liquid to the

other covered with the hyper-oxide of lead.

The formation of the current, as well as its direction, is easily

explained.

It is well known that half of the oxygen in the hyper-oxide ex-

hibits a great tendency to separate and combine with oxidable bodies.

Schonbein has, moreover, shown that this second portion of oxygen in

the same hyper-oxide has a greater affinity for oxidable substances



THE SMITHSONIAN INSTITUTION. 319

tlian even nncombined or free oxygen ; hence the hyper-oxidc will

polarize the particles of water in such a manner that the hydrogen
sides turn towards the hyper-oxide.

Other hyper-oxides act in like manner.

§ 3. Comparison of the Contact tJieov}/ icitli that of Schonhein.—If we
compare Schonhein' s theory with the contact theory, we must under-

stand that they both run parallel, that the phenomena of the open
and closed battery can be ex])lained equally well by both ; for Schim-
bein only removes the place of excitation of electricity from the point

of contact of the metals to the point of contact between metal and
liquid. But Schonbein's theory has a decided advantage in this—that

it can determine beforehand in all voltaic combinations, the direction

of the current from the chemical relations of the substance forming
the battery, while the contact theory is wanting in such a principle.

That the same metals give a current first in one direction, and then
in another, according as one or another liquid is placed betAveen them,
is perfectly explicable according to the modified contact theory, from
the different electromotive relations of the liquids to the metals.

Schonbein's theory not only allows the possibility of a reversal of the

current by changing the liquids, but it also tells us in what cases,

and why, the currrent is reversed.

Thus Schonbein's theory always determines a priori from the chem-
ical nature of the substances which form the battery, the directions of

the current, no matter whether the battery is formed of two metals

and a liquid, or of two liquids and a metal; while, on the contrary, the

contact theory in many cases is so much at fault that it is unable to

determine beforehand the direction of the current from a general

principle, and in such cases (e. g. in batteries of water, muriatic

acid and gold ; water, sulphurous acid and platinum,) an experiment
is required to find the direction of the current.

From these considerations, one would suppose that there could be
no doubt as to which of the two theories should prevail ; whether
Schonbein's chemical theory, or the modified contact theory. Yet I

cannot decide unconditionally for Schonbein's theory, because it en-

tirely ignores a well established fact, the fundamental experiment of

Volta, and is unable to give an explanation of it.

That electricity is generated by different metals coming in contact

with each other, is a fact well established by experiments, purposely
instituted in various forms, and which cannot be ignored nor set

aside by such interpretations of the experiments as the opponents of

the contact theory have contrived.

The name contact electricity is exceedingly unfit, and may have
contributed not a little to the confusion of the discussion in question

;

properly speaking, all electricity, wherever and however it may appear,
is contact electricity ; for, in generating electricity, two different

kinds of bodies are necessarily, under all circumstances, brought
into contact. In electrical machines, glass and amalgam ; in the vol-

taic pile, two metals and a liquid ; in the thermo pile, different metal-
lic rods. Wherever heterogeneous substances are brought into contact,

a development of electricity takes place, but generally a state of elec-
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trical equilibrium soon ensue. For a continuous excitation of electricity

this state of equilibrium must be continuously destroyed ; this is

done in frictional electricity, by removing the contact of the closely-

touching places of the heterogeneous substances ; in the hydro bat-

tery, by the decomposition of the electrolytes ; in the thermo pile,

the circulation of electrical equilibrium is produced by the disturbance

of thermal equilibrium.

SECTION SECOND.

DETERMINATION OF THE CONSTANT VOLTAIC BATTERY.

§ 4. Unit of force of current.—Every conductor of electricity, how-
ever good, opposes some resistance to its propagation, and many re-

searches have been made to determine tlie laws of the transfer through
conducting media. The following facts have been established by ex-

periment :

1. Galvanic electricity tends to diffuse itself through the whole
capacity of a conductor, and consequently the resistance to conduction
will be in proportion inversely to the transverse section of a conductor.

2. All parts of a closed circuit, including the battery itself, are

traversed at the same time by the same quantity of electricity, what-
ever be the diversity of their nature.

It follows irom the second law, that the absolute inten ity of the
electricity that passes in a closed circuit depends upon two (ircum-
stances : first, on the force which develops the electricity^ and which
is called the electro-motive force; and second, on the resistance to

conduction presented by the whole circuit taken together. Ohm was
the first to give a precise statement of these laws, and to deduce
with mathematical precision, from them, consequences which have
become of great importance in establishing the theory of the battery

as well as in the application of electricity to the arts.

If we designate by S the value of the current, or its power to pro-

duce effects, and by E the electro-motive force of a single element^,

whether this be due to contact chemical action, or both, and by R the
resistance in the battery, then the relations may be expressed by the

equation

In the foregoing equation we have supposed that the battery con-

sists of a single element, and that the metals are joined by so short

and thick a conductor that it offers no appreciable resistance. If,

however, the battery consist oi n number of elements, joined as before,

then the electro-motive power will be n times greater^ and also the

resistance will be increased in the same ratio, and therefore we shall

have

n K

If, now, we introduce an additional resistance in the conductor
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which joins the poles, and represent this by r, then the expression

becomes

^ Xi i

This is the fundamental equation of Ohm, from which all the rela-

tions of galvanic combinations can be derived.

When currents of different forces or strengths are to be compared,
there must be, first of all, a common measure. Hitlicrto, to my
knowledge, there have been three different units proposed, each of

which we shall consider somewhat in detail.

Pouillet proposed (Pog. Ann., xlii) as a unit of force of the galvanic

current that which a thermo-electric element of copper and bismuth
would produce, when so closed that the whole resistance is equal to a

copper wire of 20 metres long and 1 millimetre thick ; one soldering

being maintained at a temperature of 100°, the other at 0".

Fig. 4. Jacobi (Pog. Ann., xlviii 26) compared the deflection of

a Nerwander tangent-compass with the decomposition of

water produced simultaneously by the current ; thus re-

ducing the indications of the tangent-compass to the chem-
ical effect. For unit of force he assumed the current which
generates in one minute, one cubic centimetre of explosive

gas at the temperature of 0°, and height of the barometer
at 760 millimetres.

Weber took for his unit the current which, circulating

at a distance around the unit of surface, produced the

same action as the unit of free magnetism.
To explain what Weber means by the unit of free mag-

netism Ave must dilate somewhat.
A magnetic bar s n placed north or south of a mag-

netic needle, and perpendicular to the magnetic meridian, as

represented in Fig. 4, will tend to deflect the needle from the

magnetic meridian, while the terrestrial magnetism tends to

draw it back. The magnitude of the deflection depends
upon the relation of the two forces ; the tangent of the

angle of deflection is the quotient of the force of the bar

divided by the

/
j^= tang V, (1)

denoting by v the angle of deflection, by /the force with
which the bar attracts the needle from the magnetic me-
ridian, and by T the force with which the terrestrial mag-
netism tends to draw it back.

But the action of the bar upon the needle is proportional to the

third power of its distance from the needle, so long as this distance is

moderately great in comparison with the dimensions of the bar and
the needle. Denoting the distance by r, the product /r^ must be a con-

stant quantity, which we will denote by M.
But this product//-^, or M, indicates the moment of revolution which

21
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the rod would exert upon the needle when placed at the distance (1)

from it, and its effect beyond this approximation should always increase

in the same proportion in which the cube of the distance decreases.

But this relation between action and distance does not hold good for

short distances ; this, however, does'*not prevent the use of the moment
of resolution /r^ or M reduced to the unit as a measure of the magnet-
ism of the rod.

Multiplying equation (1) by ?'^, and placing /r^ = M, we get

^ =. r"^. tang. v.

or
MzzrTrHang. v. - (2)

Assuming tlie deflecting bar and the needle to he equally magnetic,

let the magnetism in both be so develojoed that the reduced moment of revo-

lution M is equal to the pressure ivhich the loeight of a milligramme

looidd produce on a lever-arm of one millimetre, (f, instead of the force

of gravity, this lueight be acted upon by a force under whose influence

double the space traversed in the flrst second is equal to the unit of

length, (one millimetre,) then this would be the unit of free magnetism.

With this unit the terrestrial magnetic force is also to be measured,

or, in other words^, T is to be expressed in terms of this unit. The
manner in which the value of T is determined, adopting that just

defined as the absolute measure, may be found in Weber's original

treatise on this subject, and in an elementary account of it in my
Treatise on Physics, (3d edition, 2d vol., p. 48.)

If the value of T is determined according to the absolute measure,

then equation (2) gives the reduced moment of revolution of a magnetic

bar expressed in the same unit.

But the quantity M has still another meaning than the one al-

ready mentioned, namely, C = T M is the moment of revolution

with which the terrestrial magnetism tends to draw the bar, placed

perpendicular to the magnetic meridian, out of this position. (Treat-

ise on Physics, 3d edition, 2d vol., p. 44.) Thus, M denotes the

magnitude of this moment of deflection for the case in which T = 1.

By observing how many degrees a magnetic needle is deflected by
a bar placed north and south of it in the position Fig. 4, we can, from

this observation, compute by means of equation (2) the moment of

deflection with which the terrestrial magnetism tends to draw the

bar, lying perpendicular to the magnetic meridian, out of that posi-

tion.

By placing the magnet east or west of the needle, as indicated in

Fig. 5, the former, at the same distance, deflects the needle more,

i^^ : .
1
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and so that the tangent of the angle of deflection iv is exactly double
the tangent of deflection v, which the same magnet, at the same dis-

tance, would have produced in the position Fig. 4 ; hence, under cir-

cumstances otherwise the same, we have

—

tang. V = ^^"g- ''

2

By making the experiment, not in the position Fig. 4, hut that of
Fig. 5, we get

—

M=: "T r^ tang, iv

2
'

The relation of the circulating current, which traverses the ring of
the tangent compass, in the magnetic meridian, to the terrestrial mag-
netism, as well as to the magnetic needle, may now be compared
with the effect of the magnetic bar placed in the position of Fig. 5.

If the circulating current of the tangent compass deflects the
needle w degrees, we have

—

tans:, to = ^^9
r T

denoting by g the force of the current, and by r the radius of the
ring : thus we have for the reduced moment G of the deflection of the
circular current, which corresponds to the moment of deflection M
of a magnetic bar

Tr^ang. 1(7 (3.)ix= 2 = 7rr^g.

This G is the force with which, under the relation stated above,
the circular current would be deflected from the plane of the mag-
netic meridian, if the force of the terrestrial magnetism were =1.

Making ;r r^ = 1, we will have G =. g;
hence g is the moment of a circular current which circulates in unit
of surface.

From equation (3) we get for g the value

—

a T r tang, w (4)
^ -

2~7r

thus we obtain a value for the force of the current g, measured by the
moment of deflection of a current traversing around the unit of sur-

face, expressed in absolute measure, by substituting for T its absolute
value.

§5. Comparison of the different current units.—Theoretically these
three units of force are determined with perfect exactness, and if the
matter were considered only in a scientific point of view, each of them
would seem acceptable, though the preference would be due to Weber's
unit.

But the selection must be different when practical wants are also

considered.

The galvanic battery enters so multifariously into a process of art,

that it is of great importance to have methods by which the constants
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of a galvanic arrangement can be determined witli accuracy. Un-
fortunately, such methods hitherto have been but little known, and

thus it is that we have descriptions of the useful effect of many differ-

ent combinations of galvanic aiojmratus, but none such as give an

accurate comparison of different apparatus, and a consequence is that

we are frequently deceived in their value.

For determining the constants of a battery, it is essential to under-

stand, in the first place, with reference to the unit of current, whether

the observations made for that purpose are comparable with other

observations at different places with different instruments. To render

such a unit popular, it should be accessible to practical men, who though
acquainted with the principles of electricity, are unable to enter into

the specialities of the science ; hence it is fit to select such a unit only

whose definition is easily and generally comprehensible ; moreover,

the unit should be such, that the determination of the force of the

current for obtaining it may be accomplished with the least possible

apparatus.

Considered in this light, the unit first brought into use by Jacobi

has by far the preference. I will endeavor to justify this opinion.

§ 6. Beduction of PouilleVs unit to chemical measure.—To com-
pare the indications of any compass with Pouillet's unit^ we must
have a thermo-electrical element exactly equal to that used by him

;

and for that purpose it is necessary that the entire resistance of the

circuit, including the wire of the compass or multiplier, should be

equal to the resistance of a copper wire 20 metres long and 1 millimetre

thick. But the current which such a thermo-electrical element pro-

duces under the indicated conditions is exceedingly feeble, or at least

much weaker than the current of hydro-electric batteries, which yield a

practical useful effect; and in instruments with which ordinarily the

force of the current of hydro-electric batteries is measured, as tangent

compasses, sine compasses or Mohr's torsion galvanometer, Pouillet's

unit will produce but a very small deflection. This unit produces, for

example, in Weber's tangent compass, having a ring 40 centimetres

in diameter, a deflection of from 5 to 7 minutes; in Mohr's torsion

galvanometer, a deflection of about 1^ degree; thus it is requisite to

have very small subdivisions of a degree in these instruments with

accuracy, for determining this angle of deflection with sufficient ex-

actness to make the angle itself, or its tangent, the unit in measuring
strong currents.

Since the instruments do not admit of sufficiently accurate reading

of such small angles, an indirect method must be introduced. The
following, perhaps, is the simplest for this purpose

:

Pass the current of the thermo-electrical element, serving as unit,

through a multiplier, and observe the deflection produced : suppose

it is 16°, the entire resistance here is equal to the resistance of a

copper wire 20 metres long and 1 millimetre in diameter.

Now pass the current of a hydro-electric element through the same
multiplier, but insert, in the form of platinum or German-silver

wire, resistance until the deflection is as great as that produced by the

thermo-electrical element, or until it amounts, as before, to 16°.
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The whole resistance which the hydro-electrical current has now to

overcome must he determined and reduced to that of copper wiie.

Suppose it is equal to the resistance of a wire 1 millimetre in diame-

ter and 22,000 metres long.

By making the entire resistance less by the removal of wire, the

current will become stronger in equal measure. Make the resistance,

for instance, 200 times less, so that the entire resistance to be over-

come by the current of the hydro-electrical element is equal to the

resistance of a normal copper wire only 110 metres long ; the current will

now be 200 times stronger than that which produced a deflection of

16° in the multiplier. This current will produce a considerable de-

flection in each instrument adapted to measuring stronger currents,

as a Weber tangent compass ; let it be 19°.

Thus a current which indicates in the tangent compass an angle of

deflection of 19°, of which the tangent is =z 0.344, is 200 times as

strong as the unit of the current, thus we have for the tangent of the

angle to which the unit corresponds

—

5:?^ = 0.00172.
200

By this result all the indications of the tangent compass can be

easily reduced to Pouillet's unit.

Pouillet used, not a tangent compass, but a eompass of sines, in all

his researches on this subject.

To decompose one gramme of water in one minute, the current

passed through the water must have a force = 13,787 of Pouillet's

unit. Each gramme of water yields 18G2.4 cubic centimetres of de-

tonating gas (at 0° and a pressure of 7G0 metres) ;
hence to obtain

one cubic centimetre of detonating gas per minute, a force of current of

i-lll^ r= 7.4 Pouillet's unit is necessary.

The above examples will sufiice to show that the reduction of the

data of a rheometer for stronger currents to Pouillet's unit can be

obtained only by a whole series of operations by no means simple.

First, the resistance of the thermo-electric element, and of the mul-
tiplier, must be determined, and so much resistance must be added
that the sum of the resistances shall have the value given above ;

then

the resistance of the conductor of the hydro-electrical element must
be found, and after inserting as much resistance in its circuit, the

quantity of this resistance is to be determined ; then the entire re-

sistance must be reduced to an aliquot part, and the corresponding

deflection of a rheometer used for stronger currents observed, &c. The
end here is attained only through a circuitous process, and errors of

observation are unavoidable in each operation, which affect the final re-

sult ; the complexity of the process also has a prejudicial influence on
the accuracy of the determination.

The above comparison of Pouillet's unit with the chemical effect pro-

duced^ gives us the means of easily converting the data of a rheome-
ter into this unit ; we have only to pass the current simultaneously

through the rheometer and an apparatus for decomposing water, to

determine how much detonating gas will be evolved while the rhe-

ometer indicates a certain number of degrees. Since each cubic centi-

metre of detonating gas corresponds to 7.4 of Pouillet's unit, it is
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known also how many of Pouillet's unit correspond to the observed de-

flection of the rheometer. Pouillet's unit has been used here only

nominally ; the deflection of the rheometer alone has, in fact, been

compared with the chemical effect, and there is no reason why this

comparison should not be adhered to.

§7. Bedudion of Weber' s unit to the chemical measure.—The defi-

nition of Weber's absolute measure of the force of a current is by no
means so simple as to encourage the hope of making this unit easily

very generally comprehended. This inconvenience, however, might
be disregarded^ if the determination of the force of the current were

easily derived from this absolute measure.

If a Weber's tangent compass (which should not be less than 40

centimetres in diameter) be used in getting the angle of deflection

which a current produces, it is made to appear stronger in absolute

measure, as expressed by the formula,

T r tang, w

According to this formula the value of the force of the current is very

easily obtained, if the correct value of T be ascertained ; that is, if

at the place of observation the horizontal part of the intensity of the

earth's magnetism, expressed in absolute measure, be known.
The determination of T (Miiller's Lehrbuch der Physik, 3d Aufl.

2 Bd.) has for special physicists no great difficulty, but for many ar-

tisans who wish to determine the power of their batteries it is too

complicated ; at least it is more difficult than the comparison of the

data of a rheometer as made by Jacobi, with the chemical effect of the

current. It would not be necessary to determine the value of T by
experiment at the place of observation ; it might be derived from the

magnetic chart of Gauss, if it were certain that at the place of (Ob-

servation the effect of the horizontal magnetism of the earth was not

modified by iron deposited in that locality, which would produce a

considerable deviation from T. For instance, we have from Gauss'

chart, as well as from direct observation made in the open air, that

for Marburg T=: 1.88, while Kasselman found the value of T, in the

locality in which he instituted the experiments for comparing the

force of the currents of different galvanic batteries, equal to 1.83,

(tJber die galvanische Kohlenzink Kette von Kasselman : Marburg,

1844, p. 75) ; hence it is unavoidably necessary to determine the

value of T in the locality in which the experiments on the strength

of currents are instituted.

Weber's unit decomposes 0.000009376 grammes of water in one

second ; in one minute 0.0005G256 grammes ; or_, what is the same, it

yields 1.0477 cubic centimetres of detonating gas per minute.

To determine the force of a current according to this measure, a

tangent compass of Weber is needed^, whose ring should not be less

tlian 40 centimetres in diameter, while rheometers of different kinds

can be used if the unit of the current yielding one cubic centimetre per

minute of detonating gas be adopted.
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Let lis now examine the process for obtaining the readings of the

rheometer with this unit.

§ 8. Determination of the force of a current by its chemical effects.—
To reduce the magnetic action cf the current in the rheometer to the

chemical effect, the current has only to be passed simultaneously

through a decomposing apparatus and the rheometer ; a voltameter

which gives the two gases together a detonating mixture, is the

best adapted for this purpose.

A current which, for instance, passed through a Mohr's torsion

galvanometer, and a decomposing apparatus, produced 40 cubic cen-

timetres of detonating gas per minute, while the corresponding torsion

of the galvanometer amounted to 490°.

Since the torsion is in this instrument proportional to the force of

the current, w^e should have, for forming one cubic centimetre of the

gas, a current corresponding to a torsion of Yo° =^ 12°. 2 . . . ;
or

each degree of torsion should be equivalent to ^Vo = 0.0816 cubic

centimetres of detonating gas. To reduce the number of degrees read

on this galvanometer to Jacobi's unit, the former need only be mul-

tiplied by 0.0816. Hence a torsion of v° is equivalent to the force

0.0816 V.

The process is exactly the same for reducing the data of the tangent

compass to the chemical effect. In such an instrument, for instance,

a deflection of 22° was observed, while 30.8 cubic centimetres of gas

were developed. The temperature being 15° Centigrade and the

height of the barometer 740 millimetres, the quantity of this gas

reduced to 0° Centigrade and a pressure of 760 millimetres is 28.18

cubic centimetres.

Since in this instrument the forces of currents are proportional to

the tangent of the angle of deflection, the tangent of 22° or 0.404

corresponds to the quantity of gas, 28.18 ; and the tangent 1 corre-

sponds to the quantity J.^^^^f = 69.7 ; thus the tangent of any angle

of deflection read on this instrument has to be multiplied by 69.7 to

find out how many cubic centimetres of detonating gas the current

would have produced per minute, if it had passed with the same force

through a decomposing apparatus ; hence the force 69.7 fang, v cor-

responds to the angle of deflection v, according to our chemical unit.

It is easy to reduce the indication of a compass of sines to this unit in

a similar manner.
The factor by which the indications of a rheometer are to be mul-

tiplied, to obtain the force of current expressed in chemical measure,

must of course be determined with great accuracy, for which a single

experiment is not sufficient ; a series of experiments must be made
with currents of different forces, computing the factor from each, and
from the values thus obtained the mean is to be taken. The different

current forces are most easily obtained by operating, first with a

battery producing a strong decomposition of water, and then weak-

ening the current by removing single elements at a time.

Such a series, instituted by Mohr with his torsion galvanometer,

gave the following results :
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No. of
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During the period of the experiment, three minutes, in which the

gas was caught, the needle vibrated very little ; it receded regularly,

but the rate was at most 0°.5 in three minutes. The number of de-

grees of the table are the means of all the angles read from the begin-

ning to the end of tlie three minutes.

The quotient obtained by dividing the quantity of gas for one min-
ute by the tangent of the corresponding angle of deflection should

be properly a constant quantity, indicating how much gas a current

develops per minute, which produces in the tangent compass a deflec-

tion of 45°, (because fang. 45° = 1). The following values of these

quotients were obtained from the different experiments :

O O
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obtained by a series of very simple experiraents. It is perfectly

evident that this factor holds good for only a special rheometer,

and for that special instrument only as long as the experiment is made
in the same place. For instance, if the compass were removed from

Freiburg to Marburg, the reducing factor would receive another value,

because the horizontal intensity of the earth's magnetism is less in

Marburg, and thus a current producing less detonating gas, would
still produce a deflection of 45°.

The above series of observations also present us with a proof that

Weber's tangent-compass can be used for determining the current

force in absolute measure only when its diameter is not much less

than 40 centimetres, (the length of the needle being three centime-

ters.) According to formula 4, the force of a current is propor-

tional to the radius of the ring, the angles of deflection of the

tangent compass being equal. The currents which produce a deflec-

tion of 45° in the two compasses above mentioned, are to each other

in the proportion of 38 to 30. The quotient of these diameters is

1.2666, while the quotient of the corresponding forces of the current

is H = 1.0937.

Having determined the reducing factor of a large tangent-compass

by accurate experiments, we can compute from it the horizontal intensity

of the earth's magnetism at the place of observation. The current

which produces a deflection of 45° in our large compass, (380 milli-

metres in diameter,) has, in chemical measure, the force of "70
; in

absolute measure the force is,

_ T : 190
^ 2 : 3.14

But chemical measure is to the absolute measure as 1 . 0477 : 1 ;
there-

fore in absolute measure this current has the value t.Utt = 66.813
;

and we have,

T : 190
66.813

Hence,
,14

T = 2.2083.

According to the chart the value of T at Freiburg is 2.21, which
accords very well with that computed above.

To determine the quantity of chemical effect which a current pro-

duces, we might, instead of measuring the quantity by the volume of

explosive gas evolved, determine the quantity by weight of water

decomposed, as Kesselman has done, (tJber die galvanische Kohlen-
zink Kette,) and from that compute the volume of gas evolved. This

method of observing is susceptible of great accuracy, and it is to be
recommended on that account to those having an accurate balance at

command. The experiments given above prove that the direct meas-
urement of the volume of gas also yields very accurate results.

§ 9. Resistance of the element.—The force of current of a galvanic

combination can be measured directly by means of a rheometer, and
reduced in accordance with the principles stated above, to a determi-

nate unit, for which the chemical unit is preferable on account
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of its simplicity. But the knowledge of the force which the appa-

ratus yields in a special case, with a definite quantity of contingent

resistance, is not sufficient for determining the effect of the apparatus

in all cases ; for this purpose the actual resistance of the hattery and

its electro-motive power must be known. We now pass to the deter-

mination of the actual resistance.

The resistance, as well as the force of the current, must he reduced

to a definitive unit, to admit of the comparison of different experi-

menters. For this, also, different units have been proposed and used.

Many physicists assume as a unit of resistance, the resistance of a

copper ivire one metre long and one millimetre in diameter. This unit

I shall adopt.

To determine the resistance of a battery, the force of its current^ of

course, must be measured, if different resistances are inserted succes-

sively in the circuit.

The resistance of the inserted piece of wire must be first brought to

the adopted unit. The simplest way of doing this would be to use

only copper wire of one millimetre in diameter and of different lengths
;

for a piece 10, 15, 20, &c., metres long, of this normal wire^ the resist-

ance would be 10, 15, 20, &c. But, since it is difficult to obtain

wires having exactly this diameter, it must be measured accurately,

and the computation made how long a copper wire one millimetre in di-

ameter should be, which makes the same resistance. In computing the

actual resistance of the battery, this reduced length of wire is used.

This section of our normal wire has a surface of 0.185 square milli-

metre. Since, with equal resistance the length of the wire increases

in proportion to its section, it is evident that a copper wire I metres

long, with a radius r, and section rcr-, excites the same resistance as

a normal wire of the length,

-^_ Z 0.785

in which L is the reduced length of the wire. A wire, for instance,

having a diameter of 0,74 millimetre, a section of 0.43 square milli-

metre, and a length of 6 metres, will exert the same resistance as a

copper wire —

^

= 10.95 metres long and 1 millimetre in
^^

0.43

diameter ; thus 10.95 is the reduced length of the wire used in the

experiment.

From this inserted copper wire many pieces of different lengths

may be obtained, 5, 10, 20, &c., metres long, for similar experiments,

and ready at all times. Instead of longer copper wires, short pieces

of wire of badly conducting metals, as platinum, iron, or German sil-

ver, are best ; their resistance reduced to the normal wire must be de-

termined by experiment. Wires to about 10 metres long can be

wound suitably into coils and fixed in wooden cylinders from 2 to 3

inches in diameter, and corresponding lengths. Longer wires are

covered with silk and wound on Avooden rollers and used thus. On
these cylinders or rollers, the length of the wire reduced to the normal

wire can be written so that there will be no further necessity for a re-

duction of the inserted wire.
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For inserting wires conveniently into the circuit, a binding
screw, such as represented in Fig. 6, may he used. No ex-
tended explanation of its application is needed. Fig. 7.

For fastening thick wires in the holes of the binding
screw, they should he at least one line in diameter. But
the retaining of these wires is thus rendered some-
what difficult, and in frequent use there is danger
in squeezing off their ends. Since the insertion wire
must not be too thick, and should always have the

same length, it is well to solder the ends of the wire. to a piece

of copper or brass about 2.5 millimetres thick, which can be
easily fastened in the holes of the clamp.
Norrenburg used for metallic connexion of pieces of wire,

Fig- 8. wire-feathers (Drahtfe- ^'s- 9-

dern)suchas represented

in Fig. 9. These wire-

feathers are to be recom-
mended because connect-

and separating, by
means of them, can be
done very easily and
rapidly.

It is very evident that

for insertions, wire of

different lengths can be applied advantage-

ously to a rheostat.

Denote by E the electro-motive force of the

galvanic battery, by R the essential resistance to conduction
; then Ave

have, according to Ohm's law, the force of the current,

E

P

\U

(1)

with perfect metallic closing—that is, with such closing.that its resist-

ance to conduction, compared with that of the elements, may be dis-

regarded. Introducing the reduced length of wire I, tlie force will be
only

We have here s and s' given by observation ; I is also known, and
from these two equations E can be eliminated, and the value of R com-
puted. The following tables give a series of observations instituted

for determining the resistance to conduction of different batteries

:
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BUNSEN'S BATTERY, BY DELEUIL.

Insertion in

metres.

Deflection. Tangent of

deflection.

Force of

current.

R. E.

68.7

7.2

50.7

7.2

29.2

49

33 30
8

24 52
20 7

24 52

9

57
38

57
17.8
57

11.8

Mean of the observations.

0.7133
0. 1405
0. 463
0. 366
0. 403
0. 158

1. 54
0.781
1. 54
0.321
1.54
0.21

49. 931

9.835
32.41
25. 62

32.41
11.06

107.8
54.07
107.8
22.47

107.8
14.7

10.8

27. 16

26,10

Mean.

7. 4t

7.72

7.74

Mean.

BUNSEN'S BATTERY, BY STOHRER.

No.
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DANIELLS' BATTERY.

No.
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In the last three experiments the sulphuric acid was diluted with

five times its volume of water, and the specific gravity of the nitric

acid was 1.36.

In the experiments with the Stohrer arrangement of Bunsen's

battery, acid like that of the first experiment with Deleuil's was

used ; the considerable difierence in resistance of elements in the two

experiments does not depend here upon the nature of the acid, but is oc-

casioned by the porous cells. In the second experiment with tlie Stohrer

battery, its own excellent cells were not used, but very brittle earthen

cells. By using these red earthen cells the resistance of the elements

increased three fold, from which we see what an important influence

clay cells have- upon the resistance of the element to induction, and

thus upon the force of the current.

In Daniells' battery the red clay cells were also used ;
in the first

experiment the zinc was placed in a mixture of 1 part sulphuric acid
^

to 10 parts water ; in the Last experiment, acid which had been already

used, and still more diluted, was applied.

To give the tangent compass a secure position, it was placed upon a

thick oak board built into the niche of a window, so that walking in

the room produced no vibration in the needle. Thick copper con-

ducting wires passed from the tangent compass to the wall, where they

were fixed over a door to a table on which the battery stood.

The resistance of all this wire, together with the tangent compass,

is equal to 1.75; that is, it is equal to the resistance of a copper wire

1 millimetre thick, and 1.75 metre long. This resistance is in the

values of R in the above table, added to the essential resistance of the

elements ; thus the true values of R are always 1.75 less ;
hence we

have.

For the Deleuil battery

—

1. R nr 15.05 (10 water, 1 sulphuric acid.)

2. R = 24.88 (acid used already and diluted more.)

3. R = 5.85 (5 water, 1 sulphuric acid.)

For the Stohrer battery

—

1. R =: 4.45 (white cells, ) 10 water,

2. R = 16.25 (red cells, ) + 1 sulphuric acid.

For the Daniells' battery

—

1. R = 9.35 (10 water, 1 sulphuric acid.)

2, R = 19.75 (used acid, further diluted.)

The resistance of the element depends upon the nature of the

liquid a;id the size of the pair of plates ; hence to be able to compare

the conducting capacity of different galvanic combinations properly,

the resistance must be reduced to the same sized pair of plates, and

thus the surface of the latter with which the experiment is made
must be known.
The above mentioned galvanic elements have the following dimen-

sions :
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DELEUIL ELEMENT.

Plate.
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The value 21 of the resistance of the Daniell element for one squaro

deciraetre of mean surface, refers to the case in which the zinc cylin-

der is immersed in a mixture of one part sulphuric acid to ten parts

water.

The numbers given for the Stohrer clement refer to the same li-

quid, and the number opposite b to Leipsic cells ;
that opposite c to

red clay cells. The resistance of Daniell's battery holds good for the

same strength of sulphuric acid, and for red cells.

With equal surface and like liquid, the resistance of the DeleuJl

•element a is to the Stohrer element as 21 : 12 ; thus the discrepancy

is purely in the dissimilarity of the clay cells.

By using red clay cells (c) instead of white, (&,) the resistance to

conduction is increased in the ratio of 12 : 43, or 3. G times greater.

Thus it may be expected, that, by using Leipsic clay cells, the resistance

of the zinc and copper battery will be 3.6 times less than by using

earthen cells, or for one square decimetre of mean surface, 78 c)^
q

Yg '

The WoUaston element was immersed in a liquid composed of one

part sulphuric acid to twenty parts water. When one square deci-

metre of zinc was used, the mean resistance w^as 6.8. But since

each surftice of the zinc is effective, 6.8 is the resistance for an effect-

ive zinc surface of two square decimetres ; thus, for one square de-

cimetre the resistance is 13.6 ; for stronger acids the resistance would

naturally decrease considerably.

§ 10. Elcclro-motive force.—By means of the two equations, (1)

and (2), the resistance R of the element, as well as the electro-mo-

tive force E, can be computed. From the measurements already given

above, we get the values of the electro-motive force of the zinc and
carbon batteries of Stohrer and Deleuil, and of the zinc and copper

batteries, as they are presented in the tables under E, namely;

For the zmc and carbon battery of Peleuil

—

883
880
847

Mean = 855

For the zinc and carbon battery of Stohrer

—

783

7T2

Mean 77T

For the zinc and copper battery

—

48G.

454

Mean 470
22
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The values of the electro-motive force of one and the same battery

are very nearly equal, although the nature of the liquid, and with it

the resistance to conduction, may change. In fact, the electro-motive

force of the Stohrer zinc and carl3on battery differs only 0.1 part from

the force of that constructed by Deleuil. This fact has already been
mentioned more at length above.

It is now to be explained what we are to understand by these num-
bers. The electro-motive force is that iorce which sets the current in

motion. We can of course measure this force, as well as that of the

current, by its eifects.

The electro-motive force of the voltaic pile is proportional to the

electrical tension of the pole in the open circuit ; we could, therefore,

apply this tension as a measure of the electro-motive force, if the

electrical tension were jiot so very small at the poles that it cannot

be determined with much accuracy in batteries of a few pair of

plates or elements. But Ohm's law teaches us that the force of the

current of the closed battery is also proportional to the electro-motive

force ; and since the power of the current can be measured with great

accuracy and reduced to a definitive unit_, it is better to use the force

of the current as a measure of the electro-motive force. We have

w
in which W denotes the entire resistance which the current has to

overcome ; when W = 1, we have

E is here the force of the current which the battery would give if the

resistance to conduction were = 1. In establishing our units offeree

of current and resistance, let us consider the value of electro-motiveforce,

or the value of E, as the quantity of detonating gas which the current of
a battery would give if the ivhole resistance ivere equal to the resistance

of a copper wire 1 metre long and 1 millimetre thick ; thus if w^e have
iound the electromotive force E of Daniell's zinc and copper battery to

be 470, it means that the current of Daniell's battery would give 4*70

cubic centimetres of detonating gas per minute if the sum of all resist-

ance were equal to the above-mentioned unit of resistance.

I consider it a great advantage of the chemical unit of force of cur-

rent recommended above (=: that current which yields one cubic cen-

timetre of detonating gas per minute) that in adopting it the values

of the electro-motive Iorce are not barely proportional numbers, but
that each has for itself a perfectly distinct and easily comprehended
signification.

Although Jacobi was the first, to my knowledge, to attempt the

reduction of the data of the galvanometer to the chemical eifect, he
did not make any further use of this chemical unit of the force of the

current—that is, he did not apply it to the computation of the elec-

tro-motive force.

§ 11. The electro-motive force is proportional to the tension of the open-

circuit.—It has been already mentioned that the electrical tension at

tue poles of an open battery may be considered as a measure of the elec-
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tro-motive force. The correctness of this assumption lias been tacitly

received by most physicists, although a direct experimental confirma-
tion had not been attempted on account of the imperfection of the appa-
ratus. Kohlrausch has at length supplied this omission. He con-
verted the exceedingly sensitive electrometer of Dellman into a meas-
uring instrument of great accuracy. By combining this instrument
with a condenser (Pog. Ann. LXXV, 88) he succeeded in determining
the electroscopic tension at the poles of an open, simple battery, with,

such, exactness that there can be no longer any doubt of the correct-

ness of the above-mentioned principle.

Kohlrausch has, at the same time, proved by this investigation
that Dellman's electroscope, as it comes from his hands,, is adapted
to the most delicate electrical researches. For a more detailed de-
scription of the instrument and its use, we refer the reader to

the excellent treatise already cited. The comparison of the electro-

motive force with the tension of an open battery may be found in a
third memoir in volume LXXV of Poggendorff's Annalen, page
220. To render the results of this investigation comprehensible, we
must first give the modus operandi more fully by which the values of

the electroscopic tension can be derived from, the measurements ma^di^

by the instrument.

Kohlrausch's electrometer can be used as a measurinip^ instrument
in two ways, namely:

1. By placing the upper divided circle, which we shall term the tor-
sion circle, at 90°, the movable needle will form an angle of 90° with
the fixed metal strip. The needle and strip are now brought into
communication, the electricity to be measured communicated to them,
and then the connexion between needle and strip broken. The tor-
sion circle being now turned back to 0, the needle will form an arc
with the strip as much greater as the electrical charge is stronger.
The electrical charge which produces a deflection of 10° being

denoted by 1, the strength of the electrical charge belonging to each
angle of deflection can be determined. For the details of this compu-
t<ation I refer the reader to Kohlrausch's memoir in volume LXXII
of Pogg's Ann. On page 385 he gives a table, indicating the corres-
ponding electrical tension hr each angle of deflection, which holds
good, of course, only for his own instrument. For clearer compre-
hension of the matter we will present an extract from this table :

Angle of
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Thus if the charge which produces 10° of deflection he denoted by

1, the electrical charges, which produce 40°, 60°, and 80°, are re-

spectively equal to 4.39, 8.30, and 18.33.

Kohlrausch's table gives results for whole degrees,

2. The instrument can be ajjplied in a second manner for measuring

electrical charges. If after placing the needle and strip at right

angles, both being in communication, electricity is imparted and the

connexion then broken, we are able, by turning the torsion circle, to

make the angle of deflection a constant quantity, say 30°. According

to well known principles the electrical charge is then also propor-

tional to the square root of the toi,-sion necessary to maintain the

needle at the deflection of 30°.

Kohlrausch determined the tension at the poles of diflerent simple

batteries by both methods ; the batteries being arranged as follows :

The two metals were soldered together ; one was immersed in the

liqvud of the vessel A, (Fig. 10,) the other in the liquid

of the vessel B ; in each vessel a brass vfire was placed,

forming the poles. One of the wires was connected

with tiie ground, the other with the collector-plate of

a condensing apparatus. The tension of the positive

as well as of the negative pole was determined for each

battery by many esperimenta, amd the mean of all

taken.

The electro-motive force of the different; galvanic elements Kohl-

ya,uscli determined according to Wheatstone's method, which will

presently be i^entioned. The following table contains the results of hi®

measurement ;

Fisr. 10.

DescriptioQ. of battciy.

'Electro-

: motive
fosce.

1. Zinc in sulphate of zinc ;
platinum in nitiic acid of «JeK-

sity 1. 357 -- -

2. Zinc in sulphate of 7/iuc ; the nitric acid of 1. 213 sp. gr._

3. Zinc in sulphate of zinc; carbon in nitric acid of 1. 213sp. gr.

4. Zinc in sulphate of zinc ; copper in sulphate of copper. .-

5. a. Silver in cyanide of potassium—common salt; copper in

sulphate of copper - ---

b. The same, later

c. The same, still later

2S- 22
28,43
2t>. 29'

liv &3-

14. OS

13. 07

12.35

Tertsion of open
LaiiteTj.

I.

27.71
2ff. 15

18.88-

14. 27

13. 84
12.36

II.

28.22
27. 75
2G. 1!T

14. 23
13.83
12.26

The tension of the open battery is determined by the above-described

methods. The numbers under I and II were obtained by the first and

second methods respectively.

Since the square roots of the torsions, as well as the numbers of tlw

table on page 385 of volume LXXII of Pogg. Ann., denoting the

tensions corresponding to the different angles of deflection, and also

the number expressing the electro-motive force, are all measured by

different units,, Kohlrausch, in order to make the data comparable,
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lias multiplied tlie roots of the torsions by 1.0230, the values deter-

mined hy the angle of deflection by 1.813G, by which means the re-

sults b)' the first experiment arc rendered periectly accordant. But
siucc the rest of the corresponding numbers accord very closely, these

experimental series prove that the dectro-moiiv'e force is jproportional

to the clecfroscopic tension at the poles of the open battery.

This principle might be proved with less sensitive electrometers, by
determining the tension at the poles of a battery of 30, 40, or more,
elements.

Kohlrauscli's instrument is also very well adapted to solve a dis-

puted theoretical question, to which allusioji has been made above.
If a strip of zinc and one of platinum be immersed in a vessel of water
without touching each other^ according to Schonbein's view, the upper
end of the zinc must indicate free negative electricity—the upper end
of the platinum, free positive ; while according to the contact theory the
reverse should be the case. It is very desirable that Kohlrausch himself
should investigate this, because he not only possesses an excellent

instrument of the kind, but has attained great skill in manipulating
with the apparatus,

§ 12. Indirect methodsfor determining the constants of the lattery.—
The process given above, derived from formulas (1) and (2), for de-

termining the resistance and electro-motive force of a galvanic battery,

and that for determining the constants, which we will call Ohm's
method, is as simple as it is accurate, if a suitable measuring appa-
ratus is furnished, and a battery sufficiently constant be used. Both,
however, were wanting at the time of the publication of Ohm's law,
and it thus happened that complicated methods had to be used to ob-
tain only tolerably accordant results. By degrees only, simplicity was
attained in this instance, as is often the case in the history of physics.

First, there was wanting an instrument adapted to measuring the
force of current ; then the multipliers used were objectionable in two
particulars : they were suited for weak currents only, and there was
no simple law, showing the relation of the angle of deflection and the
force of the current.

Several physicists have proposed very ingenious methods for gradu-
ating a galvanometer ; that is, to determine empirically what rela-

tion the different degrees of deflection have to the force of current; yet
since they do not appear to be very well adapted for general use, and
only yield useful results in the hands of skilful experimenters, I may
be pardoned for not going into the details of these methods of gradu-
ating. The method v/hich Poggendorff has given for converting the
galvanometer into a measuring instrument, is found in volume LVI
of his Annalen, page 324. There is also in this paper a short col-

lection of the methods recommended by other physicists for the
same purpose, with indications of the sources, to which I must refer

those who v/ish to enter into the details of tliis subject.

Fechner did not use the deflection of the needle for determining
the force of current, but the period of oscillation of the needle about
its position of equilibrium, for the case in which the coils of the mul-
tiplier are parallel to this position.
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This method is too laLoiions for general use.

Thus, methods for determining the constants of the battery (elec-

tro-motive force and resistance) were sought for, which do not require

the knowledge of the force of the current. These efforts were even

continued after Pouillet's and Weber's tangent compass, as well as

the compass of sines, were known. It is really surprising that such

important instruments as these, which introduced so great simplicity

into the study of galvanic laws, were so slowly adopted and so gener-

ally applied.

We shall now consider more closely the best of these indirect

methods.
Jacobi presents the following : (Pogg. Ann. LVIIl, 85.) The

Pi„ n conducting circuit of the battery i»

divided into two parts, as shown in

Fig. 11. Let the resistance to conduc-

tion of one of the branches be L, that

of the other I, in which the rheostat* is

inserted at a, the galvanometer at b;

then the resistance which these two cir-

cuits, inserted at the same time, pro-

duce, is

—

I L

Hence, the whole force of the current

which the apparatus yields is

—

S
_ E (L 4-

^ (^ + L) -f- ^ L
*

Denoting, by )., the resistance of the elements, (including the conduc-

tor between m and «.)

The part of the entire current which passes through the galvano-

meter is

—

q; E L~
/({L-\-l) -^l L'

Breaking the lateral closing, the force of the current in the other

circuit will increase, and we must add the resistance x by means of

the rheometer^ to restore the galvanometer needle to its former posi-

tion; but we have now for the force of S' the value

—

S'
E

From this and the previous equation we get for X the value

—

, xJj

Now, since x, L and I are known, the resistance of the elements can

be determined by this method, without knowing the value of the force

of current.

» An account of this instriunent is given at the close of this section.
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If another battery, whose resistance is )! , witli the resistance V and
cd, (quantities corresponding to the I and x above,) produce the same
deflection in the galvanometer, we have

—

w
S' = ^^ •

A' + i' + ic'
'

Hence
E : E' = (A 4- Z + a;) : (/ + Z' + a/.)

Thus by this method the rehation of the electro-motive forces of dif-

ferent voltaic combinations to each other can be determined. Jacobi
found, in this manner, that the electro -motive force of Daniell's bat-

tery is to that of G-rove's as 21 is to 35.

Wheatstone presented a very beautKul process for determining the

electro-motive force of a battery, without having previously found a
value for the resistance of the battery. (Pogg. Ann. LVII, 518.)

A battery whose electro-motive force is E, gives as the force of the

current

S =r —
, E being the sum of all the resistances. The electro-motive

R
force of another battery being n times as great, the entire resistance

must also be ?^ times as great if the second battery has the same force

of current, or produces the same deflection (say 45°) in the galva-

nometer ; then we have
E _ wE

Adding to the resistance R the resistance r, the force of the current
Tjl

will decrease to —
; the needle of the galvanometer will re-

K -f- r

cede a given number of degrees, (say 5°,) If it be d-^sired upon insert-

ing the second battery to weaken the current exactly so much, and
make the needle recede from 45° to 40", the resistance n r must be

added to the resistance n R ; for if — = . we have also
R wR R -h r

"p

The electro-motive forces of the two batteries are
n ^ -{- n r

consequently to each other as the resistances wliich must be added to

the resistance already present, to cause the needle to retrograde from
a given deflection (say 45°) a given number of degrees, (say 5°.)

To compare the electro-motive forces of different batteries the fol-

lowing process is, therefore, to be adopted. In the conducting circuit

of the battery, besides the galvanometer, the rheostat is inserted with
so much wire as to produce a deflection of the needle of 45°

; the re-

sistance is then increased by turning the rheostat until the deflection of

the needle is only 40°
; the number of turns is thus a measure of the

electro-motive force of the battery.

Suppose, for example, the current of a Daniell's element be passed
through the rheostat and the galvanometer, and so much wire has
been inserted as to produce the deflection of 45°. To reduce the
deflection from 45° to 40°, suppose thirty turns of the rheostat must be
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added. Now insert a Grove's element into the same circuit, and so

regulate the entire resistance that the needle stands again at 45°.

To hring it down to 40° the resistance must he increased hy (say)

fifty turns of the rheostat ; then the electromotive force of Daniell's

hattery is to that of Grove's as 30 to 50. This is evidently the sim-

plest process for determining the ratio of the electro-motive forces of

difierent hatterios.

VVheatstore used a multiplier as a rheometer, and on that account

had to insert a considerahle resistance to make the current of the

hydro-electric elements weak enough. Under these circumstances, of

course, only a rheostat with a thin wire can he used.

Although this method was originally designed for a multiplier, it

may he also used with any other rheometer, as the torsion galvanom-

eter, tangent compass, &c. But with these instruments, which ad-

mit of stronger currents, the current used need, of course, not he very

weak, and therefore a rheostat with a thicker wire can be used.

This method of Wheatstone gives us the values of electro-motive

force measured by the length of wires required to effect the retrogres-

sion of the needle ; hence these numbers are dependent on the in-

dividuality of the galvanometer and the rheostat.

As examples of his method, Wheatstone adduces the following

measurements. Three small Daniell's batteries* of unequal size were

in succession brought into the circuit. To revert the needle from 45°

to 40°, the following number of turns of the rheostat Avere necessary

:

Copper cylinder 1^ inch high, 2 inches diameter, 30 turns.
" u 3| u u 21 " " 30 "
a a 6 u i( 31 u cc 39 a

Thus the electro-motive force, according to the theory, is independ-

ent of the size of the pair of plates.

When batteries o.' 1, 2, 3, 4, 5 equal elements were used as eleo-

tro-motors in succession, the following results were obtained

:

1 element required 30 turns.

2 " '' Gl "

o li 91
4 " " 120 "

5 '' " 150 "

Thus the electro-motive force of the battery is, as theory indicates,

proportional to the number of pairs of plates.

1 have determined by this method the electro-motive force of a

Daniell's, a Grove's, a Stohrer's, and a Deleuil's element, using for

this j)urpose the tangent compass, and a rheostat with thick wire.

For bringing the needle back from 15° to 10°, I found as follows:

With Daniell's element, 9 turns.
" Grove's " 13 "

" St6hrer's " 13.6 "
" Deleuil's " 15.1 "

~' The elements were somewhat differently constructed from those of the ordinary Dan-
iell's battery. The porous clay cell contained only liquid zinc amalgam, and it, as well as

the cylinder of copper surrounding it, stood in a solution of sulphate of copper.
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The electro-motive force of Deleuil's battery was determined by the

ciicniical method at the same time. The results of these determina-

tions have been given in a previous table. Of the six measurements
of Deleuil's battery, the last three belong to this series.

After these determinations, it is easy to reduce the number of turns

necessary to revert the needle from 15° to 10°, to the unit of electro-

motive force described above. We have

—

hence 1

15.1 turns, eq[uivalent to 823 of electro-motive force;

54,51

Thus the values determined by revolution of the rheostat expressed

in our unit, are as follows :

For Daniell's battery 490.
'' Grove's '' 709.
'' Sl6hrer's " "741.

The zinc of Daniell's battery during the last measurement was in

stronger sulphuric acid, for which case the direct measurement had
given the value 486. The electro-motive force of Stohrer's battery was
previously found somewhat greater. The numbers for Grove's bat-

tery differed considerably, on which account no dependence can be

jilaced upon them.
In the same manner as here, values of electro-motive force, con-

nected with the individuality of the instrument, may be reduced to

our unit, provided the corresponding factor has been determined.

To determine the resistance of the element, Wheatstone has given

several methods, the first of which only we will present here.

Place the galvanometer and rheostat in the circuit, and so adjust

the latter that the needle of the former stands at a given point. The
force of the current S is

—

Sizr
E

Fig. 12. denoting by E the electro-motive force, by g
the resistance of the multiplier, by E the

whole of the remaining resistance in the cir-

cuit. This arrangement is rendered clear by
Fig. 12, g representing the galvanic element,

Jc the rheostat, n the multiplier.

Making a branch to the current passing

through the galvanometer, by a wire whose
resistance is exactly equal to the resistance of

the multiplier, one-half of the current will

reach h from a through v, the other half will

pass through the galvanometer to h. The
resistance between a and h is now just half as great as before, when
only the multiplier was present; hence the power of the undivided

current is nov,-

—

E^_
B + igr
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one half of which passes through the multiplier, and the power of the
current passing through this instrument is now only

E

but the needle can he restored to its original position by suitably dimin-
ishing the resistance K by means of the rheostat. If by turning it,

the resistance of the undivided part of the circuit is reduced from
R to I R, the strength of the current is

S"= 1 E _ E
2 Ili+lgr K+gr2

therefore it is again as strong as at first. Hence, if after the insertion

of the brancli wire v, a number n of coils of the rheostat must be taken
out of the circuit to recover the original deflection of the needle, then
the resistance R of the undivided part of the circuit is equal to that
of 2 ?i coils.

But the resistance R consists of two parts—the essential resistance

of the element, and the resistance of the conducting Avire from one pole
to a, and from the other to b. The resistance of these wires has to be
determined and subtracted from R to find the essential resistance of
the element.

This, as well as all other indirect methods for determining the es-

sential resistance of an element, is not so simple that it should be
preferred to the direct determination described above, if an instrument
for measuring the force of current is at command.

§ 13. Poggendorff's methodfor determining tlie electro-motive force of
inconstant batteries.—In volume LIII of his Annals, page 436, Pog-
gendorflf communicates his first experiment on the electro-motive force

of the zinc and iron battery. ' Although iron is much nearer to zinc in
the tension series than copper, yet the current which the combination of
zinc and iron produces in dilute sulphuric acid, is stronger than the
current of an element of copper and zinc in the same liquid and under
like circumstances.

This result at first glance appears to be in opposition to the contact
theory; hence Poggendorff" undertook a more exact investigation. He
determined, as well as it is possible with the changeable current of bat-
teries with one liquid, the resistance and the electro-motive force of both
combinations, by Ohm's method, and found, that in fact the electro-

motive force of the zinc and iron battery was to that of the zinc and
copper as 21.5 to 11.8.

Thus the electro-motive force of the zinc and iron battery is actually
greater than tliat of the zinc and copper, though in the tension series,

iron stands between zinc and copper. Poggendorff" saw that the cause
of this anomaly could only be the polarization of the plates. The
electro-motive force, which originally set the current in motion, is

limited by the electrical diff'erence of the metals in contact; but as soon
as the current begins to circulate, the metal-plates undergo a polar-
ization w^hicli diminishes the original electro-motive force, and this
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polarization is greater in the coniLination of zinc and copper than in

tliat of zinc and iron.

This galvanic pohirization we will consider hereafter more at

length; it is only mentioned here so far as is necessary to show the

course of Poggcndorff's investigation.

If tlic values found by Ohm's method for the electro-motive force

do not accord with the tension series, the cause, as above remarked, is

purely in the modification which the original electro-motive force

undergoes by polarization. Poggcndorff endeavored to determine tlie

value of their original electro-molive force hefore it loas modified by

polarization. We will pass by the earlier efforts by which this ob-

ject was but imperfectly attained, and turn to the consideration of a

method which Poggendorff has published in volume LIV of his

Annals, page 161.

This method differs essentially from all others, in that not the cur-

rent of a battery, but only tlie tendency towards a current, is measured.

To avoid polarization, Poggendorff endeavored to prevent the current

from coming into action, and to compensate it beforehand by another

whose electro-motive force was constant and known.
The arranging and establishing of this compensating method is

described somewhat diffusely by Poggendorff, and on that account is

not perfectly clear ; hence I have departed from his mode of presenta-

tion, since it has been an object in this report to make it as intelligi-

ble as possible.

In Pig. 13, C represents a constant element—say a Grove's, and I

another voltaic element, whose
Fig. 13.

electro-motive force is less than
that of C. The positive poles of

both are connected by a conductor,

and likewise the negative. In the

connexion of two poles of like name
a multiplier m is inserted ; the

connexion of the other two poles

can be broken at a at pleasure,

and renewed again. The con-

ducting wire a d h closes the con-

stant battery C.

Suppose the element I is pre-

cisely equal to C, and the con-

nexion at a is made, this combination, then, is in fact nothing else

than two elements so connected that they constitute a single element

with a double surface ; but, if the electro-motive force of I is weaker

than that of C, the actions of the currents are somewhat more compli-

cated.

Denote by

—

I, The resistance of the element C, together with the con-

ductors between a and b.

V, The resistance of the element I with the condiictors

between a and b, the resistance of the multiplier in-

cluded.

r, The resistance of the conducting wire a db.
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E, The electro-motive force of C.

E', The electro-motive force of I.

The current of the element C divides at a and h into two parts; one

of which passes through the conductor by d, the other through I.

The resistance to conduction of the one branch is r, that of the other

I'r
is V ; hence the resistance of the two branches together is and

"^

l'-\-r

the undivided current which C produces is

—

E __ ^(l' -\-r)

^
,

I'r
~"

l{l' + r) -{- I' r

l'-\-r

In this we neglect the electro-motive force in I,

The part of the entire current which ^^asses through I is—
E^^

. (1)

The entire current which I produces, and which is divided between
the branches a C 6 and a d h, is

—

I' {l-\-r)-\-rl

The two currents (1) and (2) pass through the multiplier in oppo-

site directions. Since the denominators of the values (1) and (2) are

exactly equal, the multiplier evidently will stand at the zero point, if

E r = E' (Z + r). {

For given values of E E' and I a value of r can always be found
which will satisfy equation (3); that is, there is a certain length of the

conducting wire a d b with which the multiplier indicates no current,

when the wire coming from a is brought in contact with one of tha

poles of C.

If the resistance r be too great, the multiplier will indicate a cur-

rent in favor of C ; on the contrary, the current of C in the multiplier

will preponderate if th-e resistance r is too small.

If the resistance r in the wire a db is precisely such that the multi-

plier remains at zero when the circuit is closed at a, or when equation

(3) is satisfied, we get from this equation the following :

E' = E j-^' (4)
I + r

We can thus compute the value of E'; that is, the electro-motive force

of 1, when E^ the electro-motive force of C, is known, and also the

values of resistance I and r.

Tlie exact length of the wire a d b cannot be attained at the first

trial ; in general by closing the circuit at a the needle of the multiplier

will be deflected to one side or the other, according as the wire" is too

long or too short. By a few trials, shortening or lengthening tlio

wire a d bas may be necessary, it is easy to find such a length thatthe

galvanometer will indicate no current, or at most a very feeble one.
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This is to l)e considered as a first approximation to the correct ratio

hetween r and I. The battery I shouhl now he left open for a time,

that it may lose all polarization ; or, what would be better, the negative

])late should he taken out of the liquid, cleaned, and then restored to

its place. If a deflection occurs again on closing the circuit, tlie length

of the wire a d h must he regulated until the exact proportion is ob-

tained. The current which the electro-motive force of the clement I,

unmodified by polarization, tends to generate, is compensated, and the

value of E' can be computed by equation (4).

Poggendorff proved his method by ascertaining with it the electro-

motive force of constant elements, which could be determined in another

manner, and found perfectly accordant results. He obtained^, by Ohm's
method

—

The electro-motive force of Grove's element = 25.886

The electro-motive force of Daniell's element = 15.435

The Grove's element was then placed at C, and the Daniell's at I,

(Fig. 13.) I was 35.03. The equilibrium, above mentioned, took

place when r =z 52. G8. For this case we have

—

^ + ^ — 1.668.
r

Hence we get by this method

£' = 2^^ = 15.51,
1.668

'

which accords very well with the value of E', determined by Ohm's
method.

Poggendorff now used this method for determining the original

dectro-motive force in constant batteries. That of Grove's battery,

adopted as the standard of comparison, was found by Ohm's method

to he equal to 22.88 , and he found for the original force of an incon-

stant battery, made of

Zinc and copper 13. YO

Zinc and iron ^AO
Iron and copper 6.00

These results prove that the original electro-motive force of these

combinations very nearly satisfy the law of the tension series, since

that of copper and iron, and that of iron and zinc, is nearly equal to

the electro-motive force of copper and zinc ;
thus, 7.-1 -|- 6 =13,4,

nearly equal to 13.79.

If the current of the zinc and iron battery is stronger than that of

the zinc and cojjper, and if, according to Ohm's method, the electro-

motive force of the former combination is found greater than that of

the latter, it is solely because the current of the zinc and copper com-

bination generates a stronger polarization, acting against the original

electro-motive force, than the current of the zinc and iron battery.

§ 14. Comparison of different voltaic combinations.—In the last

paragraph we have seen how the constants of a voltaic combination

can be determined and expressed in comparable values. None of the

statements of the effects of batteries, as they are ordinarily presented
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for comparison, are satisfactory. The want of accurate nuraerical de-

terminations occasions great uncertainty in regard to the advantages
and disadvantages of different galvanic combinations. If such uncer-
t-ainty exists in the accounts of men of science, it is not at all surpris-

ing to find communications in technical journals^ which betray entire

ignorance of the principles here discussed.

Let us now examine the most important of the galvanic combina-
tions somewhat more closely.

§ 15. The siniph zinc and copper hattery.—The Wollaston battery
is a convenient form of the simple zinc and copper combination, with
one liquid.

The batteries of Young and Miinch may be considered as variations
of Wollaston's, and therefore a description of them is not necessary.

The simple zinc and copper battery, it is well known, is not con-
stant, because the electro-motive force is considerably modified by the
polarization of the copper plate, which takes place in consequence of
the current. Poggendorff found, as we have seen, the electro-motive
force of the zinc and copper battery in dilute sulphuric acid, before

being modified by polarization, to be equal to 13.8, while the electro-

motive ibrce of Grove's battery is equal to 22.9.

Assuming the electro-motive force of Grove's battery to be 830, re-

ferred to the chemical unit, (see table § 9,) the unmodified electro-motive
force of the zinc and copper battery would be 500 of the same unit.

But according to my experiments, when the current commences, the
electro-motive force of the zinc and copper combination is only 208

;

thus, by polarization, the force is very soon reduced to f of its origi-

nal value, and this is also the reason that immediately after immer-
sion the current is exceedingly strong, but then very rapidly de-
creases. The polarization having once reached its maximum, the
current remains tolerably constant—at least, so much so as to admit of
accurate measurement. The numbers from which the values previ-

ously given (§ 9) of electro-motive force and of resistance to conduction
of WoHaston's battery were computed were not immediately observed,
but are the means of numerous readings. To form a correct idea of

the action of this battery, I will give here the corresponding series of

observations entire:

Kind of wire inserted. Deflection.

26°

Copper 12

,, : 11.5

24
Copper 11

,, 11.25

23.5

Brass 5

24
Brass 5

22

.. 23
Copper 11

23
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On closing tlie battery, a few moments elapsed before the needle

came to rest, from very rapid oscillation ; and even after the oscilla-

tion bad ceased it went back slowly, and was tolerably stationary at

26°, which is the first entry in the table. A copper wire was then
inserted, of which resistance, by previous experiment, had been found
equal to that of 7.2 metres of the normal wire. The needle came to

rest at 12°, but after a short time went back to 11.5°.

The copper wire was then removed from the circuit, when the de-

flection was 24°, &c., &c.
The brass wire, which reduced the deflection to 5°, had a resistance

equal to that of 29.2 metres of the normal wire.

Thus we see that the current of this element, after the first oscilla-

tion, remains tolerably constant—at least, so much so that approxi-
mately accurate estimates can be made for computing the electro-

motive force and resistance to conduction. While, on the one hand,
the electro-motive force is considerably weakened by the current, on
the other the resistance is not great, even with very weak acid.

Where it is not important to make exact measurements, and when a
steady current is not required for a long time, the zinc and copper
battery may be advantageously applied to many galvanic experiments.
If elements with large surfaces are necessary, the form of Hare's
spiral is to be preferred.

The force of the polarization is dependent, most probably, upon the
strength of the current, though accurate researches on this subject are

yet wanting.
The reason why batteries with one liquid are not constant is to be

sought in the polarization of the negative plate, and this is obviated
as much as possible in the so-called constant battery. Yet the
strength of the current of the constant battery gradually decreases,

by leaving it closed for a long time, because the liquid gradually
changes—the dilute sulphuric acid becoming converted, by degrees,

into a solution of sulphate of zinc. A corresponding change in the
nature of the liquid takes place in all batteries, without exception,
and it is only to be avoided by renewing the liquid from time to time.

An arrangement might be so made that the heavy solution of sul-

phate of zinc would flow off slowly from the lower part of the vessel,

and the fresh acid flow in above at the same rate.

A circumstance which acts quite injuriously in all batteries without
porous partitions is, that, in consequence of the current, the sulphate
of zinc solution is decomposed, and metallic zinc deposited on the
negative plate, whence, during a protracted action of the battery, its

electro-motive force must decrease more and more.
The constancy of the battery current depends essentially upon its

strength. Feeble currents, like those obtained by using very dilute

acid, and with great resistance included in the circuit, remain constant
for some time ; while, by using stronger acid and less resistance, the
strength of the current must necessarily decrease far more rapidly.

Hence, if it be desired to compare different batteries, with reference

to their constancy, equal resistance and like acid must be used. Neg-
ect of these conditions may have been the occasion of numerous
rrors in regard to the constancy of single batteries.
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Batteries composed of zinc and copper plates buried in the moist

ground are said to be very constant. Sucb batteries, however, yield

very weak currents, because the resistance to conduction between the

plates is very great. Thus it is evident that the current of this

battery v/ill remain constant longer than when the plates were im-
mersed in acid.

Prince Bagration placed plates in vessels filled with sand, w^hich he
moistened moderately with a solution of sal-ammoniac. Garnier used
such batteries successfully to keep electrical clocks in motion (Ding-
ler's Journal, vol. 110, p. 177) ; here a very feeble current was pow-
erful enough to impart sufficiently strong magnetism to a small

electro-magnet.

Garnier's apparatus was constructed as follows : The sand was in

a small tub ; the zinc and copper had the form of a cylinder, the

zinc being on the inside. The surface of the copper was 1.5 and that

of the zinc 1.3 square decimetres. Such an element kept the appa-
ratus in motion two months and a half. By using a battery of many
such elements the construction could be so arranged that a single pair

of plates might be removed, and renewed v/ithout interrupting tli^e

current.

Koppinsky (Dingler's Journal, vol. 101, p. 222 ; Technologiste,

March, 1840, p. 241) was disappointed in his expectation of this bat-

tery. He probably wished to produce strong currents with it. The
vapor of ammonia also annoyed him. The unfavorable results are to

be ascribed, in his opinion, to insulation ; because the battery cannot
supply itself with electricity from the ground, and because it is not

protected from exposure to the air, which neutralizes the electricity

generated by contact of the plates.

I cite this as an example of the loose and inconsiderate disquisitions

on the galvanic current and battery to be met with in technical periodi-

cals. The editors of these journals should be more critical in such

cases, and statements v>^hich are only calculated to lead astray those

having no well-founded physical knowledge should either not be
permitted to appear, or should be accompanied with the requisite ex-

planations.

After condemning all other batteries, Koppinsky finally proposes to

use for galvano-plastic purposes, zinc and copper elements, the plates

of which are one square metre in surface, and immersed two or three

millimetres apart in dilute snlpliuric acid. This is one of the oldest

forms of the battery with large plate, to which Hare subsequently gave
the very convenient form of a spiral ; thus, in this respect, Kop-
pinsky's efforts resulted in nothing new. On the other hand, the

proposal to place the acid in vessels of other than resinous VFOod and
set them on moistened earth, is new, but of no value.

The experiments of Weekes (Dingler's Journal, vol. 97, p. 194)
show the feebleness of tho current produced by burying in tolerably

moist ground, plates of zinc and iron, each being 54 square decime-

tres in surface. A current was obtained which deflected the astatie

needle of a multiplier 87"^, but the deflection soon fell to 61°
; the cur-

rent was therefore exceedingly weak.
A pile of 36 pairs of this kind gave, between coal points, a light



THE SMITHSONIAN INSTITUTION. 353

strong enougli by which to read fine print at the distance of {i a metre.
Comparing this exceedingly small effect with the brilliant illumina-

tion produced by oG sine and carbon, or sine and plntinwni elements,
it is difficult to comprehend how Mr. Weekes can cherish the hope
that such batteries may become advantageous means of illumination.

The plates of Mr. Weekes, it is true, were placed in rather dry
ground; if placed in moister ground they would have yielded a
stronger current ; but it could never be as strong as if the plates

were immersed directly in water. By moistening the sand with a so-

lution of sal-ammoniac the strength of the current will still nex^er ap-
proach that which tlie same plates would produce if placed in the
vsolution v»athout tlie sand. Buried plates can be used profitably

only when very weak currents are desired ; but such currents can l^
obtained quite constant for a long time by using very dilate acid.

Buried plates, however, have the disadvanttige of being less accessi-

ble than those of other batteries.

§ 16, Smee's battery.—This battery was greatly praised in many
quarters ; it was represented to produce very strong currents, and to

be far more constant than other batteries with one liquid. No meas-
urements in support of this opinion were made, and I have not
found it anywhere confirmed.

The copper of Wollastoa's battery is substituted in Sraee's by pla-
tinum or silver, covered by a rough surface of platinum (platinraoor.)

This coating of platinum is produced by immersing the perfectly clean
plate in a solution of chloride of platinum and potassium in contact
with the negative pole of a rather weak battery, the positive pole of
wliich dips at the same time into the solution. The platinum de-
[X)sites on the plate at the negative ])o]e. If the positive pole be also
a plate of platinum, it will be attacked by the chlorine, and the solu-

tion will be kept saturated.

The two surfaces of Sraee's platiniz;ed plate are placed at about one
line distance from the zinc plates. The width of the zinc plates is to

be only about three-quarters that of the platinized plate. What is

to be expected to be gained by this I cannot see. It is not the case in

the Smee element with which 1 experimented, the negative plate of
which was platinized silver.

I found this battery less constant than Wollaston's, and the varia-

tions of the needle were far greater. With the same liquid, Smee's
battery gave the following results, obtained exactly as those already
described in section 15.

Kind of wire Deflection,

inserted.

30^^' Soonfallsto
28

Copper 12.5

28.5
After a few vibrations

—

25.

Copper 12

25
23
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Plates washed.
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Danlell's battery is, perhaps, the most constant of all, which is due
partly to the acid being used up less rapidly ; since the acid, set free

by the decomposition of the sulphate of copper, passes in part at least

through tlie porous cell to the liquid in which the zinc is immersed.
Ryhiner (Dingler's Journal, vol. 110, p. 418) proposes to substitute

iron for zinc, and to place it in a solution of common salt. The ad-
vantage of this combination is not clearly seen. Its electro-motive
force is certainly less than that of the ordinary Daniell's battery.

Eyhincr says of his battery : Though it has not a strong influence
on the magnetic needle, it has, nevertheless, a greater reducing effect

on metallic solutions than the ordinary zinc battery ! (?)

Mr. Ryhiner appears not to know that the chemical effect of a cur-
rent is always proportional to its magnetic effect.

Moreover, he proposes to substitute linen cells for clay cells,

which is quite practicable. One is often in fact embarrassed to get
clay cells. Those made by the potter are bad

;
good ones cannot be

had everywhere
; and this is the more annoying because the best cells

are the most fragile, flyhiner's cells are made in the following way :

A bag, without ends, is formed of stout twilled linen cloth, and
stretched over a tin cylinder ; on this, three or four plies of stout

paper are fastened with Hour paste, and the whole covered with a
piece of thin linen. The bottom is made of a flat wooden cylinder,
with a groove on its edge, to which the linen is tied fast with twine.
The tin cylinder is replaced and filled with hot sand. When all is

thoroughly dried, melted wax or rosin is poured in, to stop the cracks
in the bottom. The upper edge is soaked in amber varnish.
Whether these cells are really to be recommended, I am unable to

decide from my own experience.

§ 18. Grove's hatterij.—According to my measurements, given in
section 9—which, however, for Grove's battery, have no claim to
great accuracy—the electro-motive force of this battery is, in chemical
measures, 829.

Other observers have determined its force, not in an absolute meas-
ure, but compared with that of Daniell's battery. Making the elec-

tro-motive force of the latter equal to 1, we have for Grove's as fol-

lows :

By Jacobi 1.666
By Buff. 1.712
By Poggendorff , 1.668
By do 1.565

Mean ...., 1.653

Assuming the force of Daniell's battery in chemical measure, ac-
cording to my determination, equal to 470, we should have, in the
same measure, that of Grove's equal to

470 X 1.653= 777;

while I found the value of the electro-motive force of this battery to be
829, or about 6| per cent, greater.

The observers above named made no comparison of the resistance
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of Grove's battery witli tliat of Daniell's. Sucli a comparison, how-
ever, can hold good only for an individual battery, since it changes with

the nature of the earthen cells, and is dependent upon the degree of

concentration of the liquid.

A comparison of the resistance of these two batteries is of value only

when earthen cells of the same size are used for both, and the same
liquid for the zinc cells ; while the copper cell of Daniell's battery

should contain a concentrated solution of sulphate of copper, the

13latinum plate of Grove's should be in strong nitric acid. I have
not made such a comparison for the Grove's battery, but I have for the

zinc and carbon battery^ the resistance of which under otherwise like

circumstances may be considered equal to that of Grove's. Thus we
will return to the comparison of resistance in the zinc and carbon

battery.

The proposition has been made to substitute for the nitric acid

another substance also containing much oxygen, namely : a solution

of bichromate of potash. With this liquid, Poggendorff found the

electro-motive force of Grove's battery equal to

—

0.987",

that of Daniell's battery being equal to 1 ; thus considerably less than
with nitric acid. Hence, bichromate of potash is not to be recom-
mended for Grove's battery.

In the 106th volume of Dingler's Polytechnic Journal, P^'ge 154,

it is stated, that in using Grove's battery for telegraphic purposes, it

often happens that the nitric acid penetrates through the earthen cells,

and attacks the zinc so powerfully that it has to be newly amalgamated
every day. Crystals of Glauber salts cast into the dilute sulphuric

acid are said to remedy this evil. The explanation of this may probably

be that the Glauber salts are decomposed, and nitrate of soda is formed,

the free nitric acid then disappearing.

§19. Bunsen's battery.—As a mean of all my experiments, stated

in section 9, the electro-motive force of the zinc and carbon battery

was found to have, in chemical measure, the value

—

824.

The force of Daniell's battery being made equal to 1, that of the

zinc and carbon battery was found by
Buff to be 1.712

Poggendorff ; 1.548
Expressed in chemical measure the force of the battery, according to

Buff, is 805
which accords nearly with my mean ; and according to

Poggendorff is 727
The electro-motive force of the zinc and carbon battery, and that of

Grove's, are so nearly equal, that in practical use the little difference

may be disregarded.

According to Poggendorff, the electro-motive force of Bunsen's
battery remains almost the same, if for the nitric acid is substituted

a solution of bichromate of potash ; indeed, with the liquid it is some-
what greater, the proportion being 1,580 to 1,548.
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According to the statements made in section 9, witli like mean
surfaces, similar clay cells and equally dilute sulphuric acid, the re-

sistance to conduction of the zinc and carbon battery is to that of

Daniell's, as

—

43 to 78

;

or as

—

1 to 1.8.

Stohrer, of Leipsic, has recently considerably improved the Bunsen
battery, and made it more convenient for use. His carbon cylinders are
steeped in coal-tar instead of sugar-water, and are then brought to

a red heat. They are far more solid and have a much smoother surface,

which gives them the advantage of absorbing much less nitric acid,

which before rendered the use of this battery particularly unpleasant
and expensive.

In the first zinc and carbon batteries the copper or zinc ring, which
embraced the upper edge of the carbon cylinder, was generally mova-
ble. Stohrer has rendered this fixed. A strip of brass wire is wound
about the edge of the carbon cylinder, and a copper ring is screwed
in this as firmly as possible. The whole of the upper part is then
coated with a solution of shellac. A wire, about one inch long,
is fixed to the copper ring, serving as a connexion with the next
zinc cylinder. A kind of wire cord, coated with gutta percha, is fast-

ened to the zinc cylinder, and terminates in a binding screw, which
can be attached to the copper wire of the following carbon cylinder.

§ 20. Zinc and iron hattery.—It has been proposed by many to

use iron instead of platinum or copper in the construction of gal-

vanic batteries. Eoberts made a zinc and iron battery in the follow-

ing manner. A cast-iron vessel, ten inches high and 3.9 inches in
diameter, served for holding a mixture of one part concentrated sul-

phuric acid and three parts of strong nitric acid ; in this liquid an
earthen cell filled with dilute sulphuric acid was placed, which cell

also served for the reception of the zinc cylinder 9.9 inches high and
3.3 inches wide.

Five such elements yielded forty cubic inches of detonating gas in

a voltametre placed in the circuit. This is certainly quite a consid-

erable effect. (Dingler's Journal, vol. 84, p. 386.)

^
In the same volume of this Journal, p. 385, Schonbein describes a

zinc and iron battery which also produced very considerable effects.

Roberts proposed a battery of this kind, with one liquid, for blast-

ing rock. (Dingler's Journal, vol. 87, p. 104; Mechanics' Magazine,
1842.) 20 iron plates and 20 zinc plates, each having 7 square inches
of surface, are properly connected and so placed in a frame of slats, that
they may be immersed in a trough containing a mixture of 1 part sul-

phuric acid to 10 parts water.
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Callan constructed a zinc and iron Lattery, (Dingler's Journal,

vol. 109, p. 432 ; Philos. Mag., July, 1848, p. 49,) of a form simi-

lar to that which Grove had originally given to his zinc and platinum
battery, viz: rectangular smooth earthen cells^ 4i inches long and 4|
high.

A turkey-cock was instantly killed by the stroke of such a battery,

composed of 620 elements ; and, on examination, the craw was found
burst.

Callan says this battery acts fifteen times as strong as one of Wol-
laston's of the same size, and 1| as strong as an equally large Grove's

battery. This estimate seems exceedingly loose ; no facts, no meas-
urements are given, from which the constants of this battery can be
computed, even approximately ; without this knowledge a correct

valuation of a galvanic combination cannot be made.
Measurements of the zinc and iron battery maybe found in the 81st

volume of Dingler's Journal, p. 2*73.

Poggendorflf found for the electro-motive force of different combina-
tions the following values

:

Zinc and platinum ,,,,, 100
Zinc and iron 78.

6

Zinc and steel , 87.0
Zinc and cast-iron 89.

G

The zinc being in dilute sulphuric acid, and the platinum, iron, &c.,

in concentrated nitric acid. The resistances are tolerably equal in all

these combinations.

§ 21. The iron and iron hattery.—That instead of the platinum
in Grove's battery, iron can be successfully substituted, is owing, no
doubt, to the fact that iron immersed in concentrated nitric acid

becomes passive, and in this state acts like a strong electro-negative

metal. From this Wohler and Weber inferred that iron, placed in

concentrated nitric acid, might act towards iron in dilute sulphuric

acid as platinum docs towards zinc. Their expectation was entirely

confirmed on trial, and they constructed a very powerful battery in

this manner.
They found it advantageous to use ordinary tin-plate iron for the

metal immersed in the dilute sulphuric acid.

Schunbein, also, by his researches on the passivity of this metal,

was led to the construction of a battery of passive and active iron.

(Dingler's Journal, vol. 84, p. 385.)
The most convenient form of the iron battery is perhaps the follow-

ing : A cast-iron vessel receives the nitric acid and the earthen cell,

in which the dilute sulphuric acid is placed with the active iron.

The rusting of the part of the iron vessel extending beyond the

liquid acts injuriously on the working of the battery.
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§ 22. Callan's zinc and lead hattery.—In the Pliilos. Ma^;. for 1847,
(sec. Ill, vol. XXXI, p. 81,) Callan describes a new voltaic combina-
tion, of wliicli Pog2:eudorff gave an account in volume LXXII of his

Ann., page 495. For tlie platinum of Grove's battery is here substi-

stituted platinised lead, which is immersed in a mixture of four parts

concentrated sulphuric acid, two parts nitric acid, and two parts of a
saturated solution of nitrate of potash. Tlie sine is in dilute sulphu-
ric acid, separated of course from the other liquids by an earthen cell.

The action of this battery, according to Callan's account, is not in-

ferior to that of Grove's.

Poggendorff found that in fact the electro-motive force of this combi-
nation was equal to that of Grove's ; and that the current from it for

many hours indicated the same constancy as that of a zinc and plati-

num battery. But, on the other hand, he found the addition of salt-

petre to the nitric acid no improvement, but the addition of concen-
trated sulphuric acid has the advantage of protecting the lead from
the action of nitric acid, which the pulverulent coating of platina

cannot do, and allows, besides, the use of dilute nitric acid.

Considered strictly, this combination is a zinc and platinum battery,

since the lead serves properly only as a support for the thin film of

platinum ; therefore zinc and platinum are the terminations of the

metallic circuit immersed in the liquid.

§ 23. The most convenient combination of a given number of voltaic

elements for obtaining the greatest effect vjith a giveii closing circuit.—
Theoretically, this subject has long since been settled, but the inves-

tigations are mostly conducted by the aid of the higher calculus, and
the whole is jiresented in such a form, that the practical use of the
proposition is indicated rather than iwWj exhibited ; on this account,

a somewhat more detailed exposition may here be in place.

Generally, the question is stated thus : How should a given metal-
lic surface, which is to be used in constructing voltaic elements, be
arranged (that is, how many elements and how large should they bCj)

in order that a maximum effect shall be obtained with a 2;iven closing^

circuit ?

This form of the question does not correspond exactly with practical

cases. We are not required generally to construct the voltaic battery

for a given closing circuit ; but the question is, how to combine a dis-

posable number of galvanic elements to obtain a maximum effect.

A maximum, strength of current may be obtainedfrom a given number
of elements, if they be so arranged, that the resistance in the battery is

equal to the resistance in the dosing arc.

I will first explain this proposition, then prove it, A given num-
ber of elements can be combined in the most varied manner. For in-
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stance^ 24 elements can "be arranged in S diifereiit ways, as renderetl

apparent in Fig. 14.

Fiff. 14.

1.

9

i>.

4.

5.

8.

As a battery of 24 single elenaents.

do 12 double elements.

do . 8 treble elements.

..do...

..do...

..do...

6 four-fold elements.

4 .six-fold elements
3 ci<j:]it-fold elements.

1. do 2 tv/-eiTe-fold elements.

8 do 1 tweaty-four-fold elements.

Which one of these combinations should be selected in a given case,

depends vipon the resistance to condnetion of the circuit. That com-
bination mnst be taken the resistance of which is nearest to that of
the given circuit. Denoting by 1 the resistance cf an element, the
resistance of the

—

Ist combination is 24.

2d do........ G.

3d do 2.666
4th do. 1.5
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5tli combination is 0.6G6

fith do 0.375

Tth do 0.166

8th do 0.046

If the resistance of the given circuit is less than 0.1 of the resistance

of an element, the least combination must be selected ; but if greater

than that of 15 elements, the first must be chosen. If the resistance

to be overcome lies between 15 and 4.3, between 4.3 and 2, between 2

and 1.08, &c., the selection must fall upon the 2d, 3d, 4th, &c., com-

binations respectively.

We have yet to prove the foregoing proposition.

Considering the dilTerent combinations of 24 elements, as repre-

sented in Fig. 14, it is easily seen that if the pile be shortened, it

rig. 15.

m.

^imiiEQTs

TTTTT

becomes broad in the same proportion ; that is, if fewer elements be

placed one after the other, we can, by using the same number of de-

ments, place more of them beside each other, in the same proportion.

. Commencing with the second combination, we have here 12 double

elements. If we reduce the length of the pile by one-half, or to 6.,
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we can doiilile the widtli of eacli element—we fihall then have 6 four-

fold elements.

Making the pile three times shorter, three times as many single

elements can he united in one ; from 12 douhle elements we ohtain 4

of six-fold. In short, if the pile he made a times shorter, we can

unite a times as many single elements in one.

If the number of elements combined, one after another, to form a

pile, is a times less, the electro-motive force thus becomes a times less
;

if tiie battery had now been made only a times shorter, without in-

creasing its width, the resistance would have been a times less ;
but

_

if each element of those in a pile consists of a times as many single
'

elements as before, the resistance becomes o? times less than before.

Thus the resistance of 6 quadruple elements (combination No. 4) is

4 times less than for 12 double elements, (combination No. 2 ;) for 4

six-fold elements (combination No. 5) 9 times less than for 12 double,

&c.
From this exposition the proof in question is easily derived. For

any combination of a number of elements, let the electro-motive force

be E, and the battery resistance I. This battery being closed by a

conducting circuit, whose resistance is also I, we have, according to

Ohm's law, the strength of the current

—

The pile being now made a times shorter, but the single elements a
E

times wider_,the^lectro-motive force will be a times less, or — ; but the

resistance of the battery will be — , and the force of the current, for

the same connecting arc, will be

E

Q'— ^ _ E
~l_+ l~ l{a+l\ ^

(2)

«- a)

But the sum a -\- — h, under all circumstances, greater than 2*,

which, in an integral or fractional quantity we may substitute for a ;

thus the value of the fraction (2) is, under all circumstances, less than

that of (1.) Since (1) denotes the value of the strength of the current

for cases in which the resistance in the electrometer is equal to the

resistance of the closing arc, and the fraction (2) the value of the

strength of current for cases in which the number of single elements

is combined in any other manner, the proposition in question is there-

fore proved.

The application of this proposition may be shown by an example.

If, in magnetizing an electro-magnet, the current of 24 zinc and. car-

bon elements be used, the resistance of one element, with weak acid, is

15.05. But resistance of the coils of the electro-magnet has been

found equal to that of 13.54 metres of normal luire, and therefore

the resistance of the connecting arc is 0.9 of that of a single ele-
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ment. A glance at the arrangements (Figs. 14 and 15) shows us that

we must select the fifth combination as the most suitable
;
because its

resistance, 0.G5, is nearer to that of the closing arc, than that of the

other combinations. Make, for sake of brevity, the electro-motive

force of the element eqnal 1, and the resistance also 1, then, if we ap-

ply successively all of the eight combinations to the electro-magnet

above mentioned, the following values will be obtained for the

strength of the current

:

24
=: 0.963

24 + 0,1)

12

•6 + 0,9
=: 1.T4

2.666 + 0,9 — ^-^^

6

1.5 + 0,9 — ^-^

4

0^666 + 0,9 ~ ^'^^

= 336

=: 1.85

0.375 + 0,9

2

0.166 -f 0,9

0.012 + 0,9
1.61

Fig. 16.

It is observed here that with the combination 5 the coils of the

electro-magnet remaining unchanged, the magnetism of the soft iron

will be greater than with any of the other combinations. Combination

4 approaches 5 very closely in its effects ; thus the exact maximum
should be looked for between 4 and 5. In fact the combination re-

presented in fig. 16 gives the strength of

the current 2.56.

By charging the same elements with

strong acid, the resistance of the element

will be 5.85 ; the resistance of the closing

arc will be 2.3 times as great as that of one

element, and for this case the third com-

bination (eight three-fold elements) will be

the most suitable.

The best combination for a given appa-

ratus to decompose water will be further

considered hereafter.

If a given number of elements be so con-

bined that they will yield in a given cir-

cuit a maximum strength of current, an

increase of the number of elements will in-

crease the strength of the current in the most favorable cases only
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in proportion to the square root of the number of elements ; then 4,

9, or 16 times as many elements must be used to obtain 2, 3, or 4
fold effects.

We shall endeavor to prove this, in a special case. Let the resist-

ance of the closing arc be r, equal to the resistance of one element,
the electro-motive force of which is denoted by E, then the strength of
the current is

r -\- r 2 r

Now let us double the force of the current by increasing the number
of elements. To obtain a maximum effect from the new combination,
the resistance in the battery must continue as great as the resistance

of the closing arc ; therefore, the resistance of the new combination must
not be greater than that of a single element ; hence, we shall obtain
double the force of the current if, with unchanged resistance, we

Fi?- 17. double the electro-motive force. This is

done by placing one element after another
;

but we must take 2 double elements, if their

resistance is to be as great as that of a
single element ; hence, the combination of

Fig. 16 will give twice as great a force of

current, and Fig. 17 three times as great,

as a single element.

To consider tliis matter in a more general

way, let a number of cups a be so combined,
that the resistance of the battery is equal to

that of the conducting circuit, so that we
attain the maximum effect which the num-
ber a of cups can produce in the given

closing arc. Place 2, 3, . . . n times as many cups together, so that

each element of the battery may have 2, 3, . . . n as great a surface
;

but if the battery is made at the same time 2, 3, . . . ?i times as long,

by placing 2, 3, . . . n times as many elements in succession, then

we shall have in all, 4, 9, . . . n~ times as many cups in use. The
resistance of the battery by this arrangement remains unchanged,
and therefore the strength of the current increases in the same
ratio as the electro-motive force, namely, in the ratio of the number
of successive elements ; it has thus become 2, 3, ... % times greater.

With 4a, '9«, . . . . nr a cups we can, in the most favorable case, ob
t.ain 2, 3, n times as great a

that which can be produced witli a elements
strength of current as that

§ 24. The most suitable arrangement of the closing arc for obtaining

a maximum effect luith a given electro-motor.—In some cases the

electro-motor is given, and the question is, how the coils of wire must
be selected to obtain a maximum effect ; from the same quantity of cop-

per are many coils of a thin and long wire to be made, or fewer coils

with short and thick wires? In the case of multipliers, the quantity

of copper wire to be used is limited by the space which can be con-

veniently filled by the coils ; in that of the electro-magnets the quan-
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tity of copper wire is limited by the amount of money to be expended
in its construction.

Suppose the resistance of a copper wire of a given length and thick-

ness, making n coils, to be equal to I, or the resistance of the electro-

motor ; tlien the force of the current is

g_ E _ E

and this acting in n coils on the magnetic needles in soft iron, we can
represent its effect by

M.=n~^ (1)

If we make the wire m times as long, the mass remaining the same,
its section will be m times less, and then the resistance wr times
greater ; hence the force of the current is now

Q/ E E

but of this length of wire, m times as many coils can be made as be-

fore ; thus, the magnetic effect is now

Wz=m.n. =« — (2)

\ m/

But the value of M, as just proved, is always greater than the value

of M'. Hence loitli a given mass of ivire, a maximum of magnetic

effect is obtained by giving to the wire such a thickness and length that

the resistance in the coils is equal to that of the elements.

For instance, if we have eight pounds of copper wire for construct-

ing an electro-magnet, to be excited by one of Daniell's elements,

described in section 9, how thick must the wire be made ?

The resistance of this element is equal to the resistance of 11.1

metres of the normal wire. The normal wire has a section of 0.785

of a square millimetre, or 0.00785 of a square centimetre ; thus, a

length of 11.1 metres or 1,110 centimetres has a cubic contents of 8.71

cubic centimetres. The specific weight of the copper to be drawn to

wire is 8.88 ; hence the weight of the normal wire, which has the

same resistance to conduction as the element, is 8.71 X 8.88= 77.34

grammes.
But the mass of wire which we have at our disposal does not weigh

77.34 grammes, but eight pounds, or 4,000 grammes ; so that we have

ff^-= 51.7 times as great a mass as that of the normal wire which
fulfils the condition.

If, instead of a wire of given diameter and length, one of three

times the diameter be taken, its section is 3 X 3= 9 times greater, and
a nine-fold length must be given to it, that it may retain its resistance

to conduction unchanged ; the volume of the wire is now 81 z=. 3*

times as great as it was before. A wire n times as thick must have a
lengtli /i^ as great, and consequently n* greater mass, if its resistance

is to remain unchanged.
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Hence, witli a massj? times as great, the wire mu3t have a length

yj f times as great, and a diameter ^ y/ p times; the resistance re-

maining invariable.

The mass of copper to he disposed of is 51.7 times as great as that

of a normal wire which oifers the same resistance as the elements
;

hence, we mnst make of this mass, a wire which is -/Sl.T^T.lS

times as long, and * V 51.7 = 2.68 times as thick as the normal wire,

11.1 metres long. Thus, if the eight pounds of copper wire is to op-

pose the same resistance as the Daniell's element, it must he 2.68 milli-

metres thick, thus requiring a length of 7.18 X 11.1 = 79.7 metres.

If the electro-magnet is to he arranged for a Stohrer's element,

whose essential resistance is equal to that of 6. 2 metres of the normal
Avire, for the same reason, the eight pounds of copper must he a wire

3.1 millimetres thick ; which requires a length of 60 metres.

Using the electro-magnet constructed for Daniell's battery, with

this battery, the strength of the current is

E E
or

11.1 -I- 11.1 22.2.

The wire being placed in n coils about the iron, the magnetic effect

may be denoted by

22.2.

Had the wire been twice as long, and consequently one-half in sec-

tion, its resistance would have been four times as great, or 44.4, and
the strength of the current

E E
or

11.1 + 44.4 55.5;

but this is passed around the iron in 2 n coils, and the magnetic effect

is now

27.7

If a wire half as long but double in section had been used, the mag-
netic effect would have been

13.9 27.8

Thus it is seen that the values of M' and M" are less than that of M.
According to these principles, we can also determine how, with a given

thermo-electric battery, a multiplier of the greatest possible sensibility

may be constructed—a question which was solved theoretically long
since, but until now the solution has not had a form susceptible of

practical application. On this account we shall give this subject some
further consideration.

For instance, our physical cabinet possesses a tJiermo- electric pile

with the galvanometer belonging to it. I found the

Resistance of the thermo-pile =18.34 met. of normal wire.
" " wire of multiplier = 1.75 ''

^'
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Tims the resistance of the wire of the multiplier is less tlkan one-
tenth that of the pile.

Denoting the electro-motive force of the thermo-pile by E, the
strength of tlie current is

S =:
E _ E^

.

18.34 -f 1.75 20'

this is conveyed around the needle in n coils; hence the magnetic
effect is

20

If the same mass had been drawn out into three times the length,
its resistance would have been 9 times as great, or 9 X 1.T5 = 15.75,
thus nearly equal to that of the thermo-pile. The strength of the
current now would be

o/ E E
.~

18.8 H- 17.75
~ 36

'

and the magnetic effect

M' = 3 71 1 = w ^ :

36 12

because the current is now conveyed in 3 n coils around the needle.
The value M' is thus nearly double that of M.
With the same quantity of copper wire, the multiplier for the said

thermo-pile could have been made twice as sensitive by drawing the
wire to thrice the length, so as to give it three times as many coils

with a section of only one-third.

Hence there is no doubt that the reason for making the wire of this

multiplier too short and too thick, arose from the assumption that the
resistance of the thermo-pile composed of a number of metals could
not be great, and thus only a wire tolerably thick and not too long
should be selected. It is thus shown that mere conjecture will not
suffice in such matters.

§ 25. Comparison of the effects of different hattcries in given cases.—
The strength of the current for any given case can be computed from
the constants of different batteries. If the resistance of the closing arc
is I, for a zinc and carbon battery with a mean surface of one square
decimetre, and using Stohrer cells with dilute sulphuric acid, the
strength of current is

12 -f I

For a Daniells element, of the same size, with sulphuric acid of the

same degree of dilution, the force of the current would be

470 _ 470

12 X 1.8 + ^ 21.6 + 1

'

If Z is very small compared with the resistance of the elements, the

strength of their currents will be to each other as -^^ to --— , or
12 21. t)

as 68.6 to 21.8 ; hence the current of the zinc and carbon battery is
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more tlian three times as strong as the other. When the current is

well closed, a zinc and carbon element will effect as much as a Dan-

iells element of three times as great a mean surface.

When the resistance is very great, the ratio is different ; then the

strength of the current is proportional to the electro-motive force, or

as 470 to 824. In this case, by increasing the surface of the zinc and

copper element, but little would be gained. Two Daniell's elements

wouhl have to be united to obtain the same effect as with one zinc

and carbon element.

The effect of a zinc and carbon battery can be attained in all cases

with a Daniells battery by giving to single elements of the latter a

three-fold surface, and using twice as many of them as would be re-

quired of zinc and carbon elements.

What has been said of the zinc and carbon battery holds good for

Grove's battery, since the constants are nearly the same in both.

As a conclusion of this section we present the description of a few

instruments which have been used for measuring, in the course of the

previous experiments.

§ 26. Bheostats.—To accomplish a gradual change of the resist-

ance in the closing circuit of an electfo-motor within the desired

limit, without being obliged to open the circuit, several instruments

have been proposed, chiefly by Jacobi and Wheatstone. Jacobi called

his instrument agometer. The descriptions are to be found in Pog-

gendorff 's Annalen, LIV 340, and LIX 145. An instrument of this

kind is very costly, and therefore will not be generally employed, es-

pecially since Wheatstone' s instruments, constructed for the same

object, besides answering the purpose equally well, are far simpler

and more convenient in manipulation. In my treatise on physics

(Lehrbuch der Physik 3 te., aufl. 2 ter. Bd., S. 193) I have described

Wheatstone' s rheostat with thick wire, which is to be used when the

resistance of the closing conductor is not very great. But when the

entire resistance in the battery is very considerable, a great length of

this thick wire would have to be wound or unwound to produce a

sensible change in the strength of the current ; consequently, in such

ca«es a rheostat with a thin wire must be used, and which, of course,

must have a different construction.

Wheatstone's rheostat with thin wire is represented in Fig. 18. g
is a cylinder of dry wood about 6 inches long and 1| in diameter

;
h

Fig. 18. jg a cylinder of brass having the same

y-^^^y^X • dimensions. The axes of the two cylin-

r*^ .'~
' ; (lers are parallel. A screw-thread is cut

^ -'^^ in the wooden cylinder, and at its end
(the one seen in the figure) there is a brass

ring to which the end of a long and very

fine wire is fastened. This is so wound.

upon the wooden cylinder as to fill all the

screw-threads, and its other extremity is

then fastened to the opposite end of tlie

brass cylinder. The omall brass columns

J and k, designed for clamping the wires,
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rest upon metcal springs, one of whicli presses against tlie front end
of the Lrass cylinder 7i, the otlier against the brass ring of the

wooden cylii)(ler, (the springs are not shown in the figure.) The
winch 711, which can be removed, serves ibr turning the cylinder

about its axis. Placing it on the cylinder A, and turning to the right,

the wire is unwound from the wooden cylinder and wound upon the

brass one ; on the other hand, placing it upon g, and turning to the

left, the reverse tak'^^ place. Since the coils are insulated on the

wooden cylinder, and kept apart by the screw-thread, the current

traverses the wire throughout its whole length on this cylinder ; but
on the brass cylinder, where the coils are not insulated, the current

passes at once from the point where the wire touches the cylinder to

the s})ring at k. The resisting part of the length of the wire is there-

lore the variable porJon which may happen to be on the wooc'en cylin-

der.

There are forty screw-threads of the wooden cylinder to an inch.

The wire is of brass, and 0.01 of an inch in diameter.

For counting the number of coils uuAvound, a scale is placed be-

tween the two cylinders, and the fraction of a turn is estimated by an
index fastened on the axis of one of the cylinders, and which points.,

to the divisions of a graduated circle.

§ 2*7. Differential measurer of resistance.—For determining the*

resistance of metallic wires, Wheatstone has given a very simple pro-

cess. The rheostat is inserted in the conducting arc of a constant

element with the galvanometer and the wire whose resistance is to be
determined, and the whole resistance is so regulated that the needle

can come to rest at any desired point a of the graduated circle. Now,
removing the wire from the circuit, the needle will indicate a greater

deflection, and to bring it back to the point a, a definite number of

turns of the' rheostat must be added to the existing resistance. We
find in this manner how great the resistance of the wire in question

is, expressed in turns of the rheostat.

By this method neaily equally accurate results are obtained, whether
a multiplier, the much less sensitive tangent compass, or any other

galvanometer, be used. The reason is as follows : To produce in a
tangent compass a deflection of, say 45°, the entire resistance of the

closing conductor must not be very great. Suppose R is the entire-

resistance of the whole battery, and an increase or decrease r of this*

resistance produces such a change in the strength of the current that

the deflection of the needle is varied by 1°.

Now, by using a multiplier, which is about 150 times more sensi-

tive than the tangent compass, the entire resistance of the battery

must be about 150 R to cause a deflection of the needle of 45°.

To produce a like change in the strength of the current as that above-

mentioned, the resistance must now be increased or decreased by 150 r.

But, since the multiplier is 150 times more sensitive than the tangent

compass, the 150th part of this change of resistance, or r, will suffice

to advance or bring back the jjosition of the needle by 1°
;
thus the

same change of resistance r produces in both instruments nearly equal

changes of deflection.

24
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If the multiplier is required to indicate very minute changes in the

closing conductor, care must be taken that the corresponding diifer-

ence of current shall act in the multiplier, without a very considera-

ble resistance being inserted in the conductor. Wheatstone has ac-

complished this by means of the contrivance represented in Fig. 19^

which he calls a differential measure?' of resistance.

Fig. 19.

On a board about 14 inches by 4 wide, the small brass knobs a, h,

c, and d are fastened, forming a paralellogram, and between a and d
are placed e and/, and g, h between d and b. These knobs, which
are furnished with binding-screws, are connected by wires, as seen in

the figure.

One of the wires of the pole of the electro-motor is screwed in a,

the other in b ; tlie ends of the wires of the multiplier are fastened in

c and c?, so that the knobs c and d are in conducting connexion through
the multiplier m; between e and / a piece of wire is inserted, and
another between g and h. The currents here diverge in various

branches ; but we have to consider only those which pass through the

cnultiplier.

A current passes from a to c, from c through m to cZ, from d past g
and h to b, as indicated by the unbroken line in Fig. 20 ; another

Fig. 20.

current, "which traverses the multiplier in the opposite direction, goes

from a, through e and/, to d ; from d, through m, to c, and finally

from c toi), as shown by the dotted line in Fig. 106. If the resist-

ances in the two conducting wires a, c, d, b, and a, d, c, b, are perfectly

equal, so are also the two currents passing through the multiplier

equal ; consequently the needle will remain at rest at the zero point.

Now, by mafcidg the wire, inserted between e and/, only a little

longer or shorter., the two currents going in opposite directions

through tke multipHier will be no longer equal, and the difference of
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strength of the currents will deflect the needle. But since the sum
of all the resistances is not great here, a very minute change in the

resistance inserted hetween e and/ will cause a sensible change in the

strength of the current, and therefore a sensible deflection of the needle.

Now, to obtain by this contrivance the resistance of a wire expressed

in turns of the rheostat, the following method can be adopted : In-

sert between e and/ a few of the turns of the rheostat, and between

g and h a wire, whose resistance is nearly equal to that of the inserted

part of the rheostat on the other side, and adjust everything so that

the needle may come to rest at 0*. Now, inserting between g and A,

besides the wire already there, the wire whose resistance is to be de-

termined, there must be inserted on the other side a series of n turns

of the rheostat to bring the needle back again to 0. This number n
of revolutions of the rheostat wire is the measure of the resistance of

the wire in question.

Wheatstone has constructed other instruments besides this for the

same object ; but the description of this, the simplest one, will suffice.

SECTION THIRD.

RESISTANCE OF METALS AND LIQUIDS, GALVANIC POLARIZATION AND PASSIVITY.

§ 28. In order to compute by Ohm's formula the strength ofcurrent

in a given case, it is not sufficient to know merely the constants of the

electro-motor—we must also know the resistance of the solid con-

ductors which are inserted in the closing circuit ; and in case the

current has to traverse a decomposing cell, besides the resistance of

the liquids, we must also know the electro-motive opposing force ap-

pearing at the electrodes, or what is called the galvanic polarization.

The conduction of the current, it is well known, depends upon the

dimensions of the body, and also on its specific conductive capacity,

which we shall now consider.

§ 29. Resistance of metals.—Bufi" has determined the resistance of

a few of the metals by Wheatstone' s method, as follows (Jahres-

bericht von Liebig und Kopp fiir 184*7 and 1848, s. 286:)

Silver 0.954

Copper, (chemically pure,) 1.000

Copper of commerce, first quality 1.170

Do second quality 1.507

German silver 11 . 833

He has taken the resistance of silver as unity ; but since all re-

sistances have been compared here with copper, I have reduced the

data of Buff to this metal.

To distinguish the absolute value of resistance of a wire from these

proportional numbers, I propose to call them the specific resistance to

conduction. The specific resistance to conduction of a metal is the

-" To facilitate such an arrangement Wheatstone has introduced a special contrivance
info his instrument. The knob d rests firmly upon a piece of brass. At the other end
of this strip of brass anotlier piece n turns about a pin, its free end resting on the wire.

When n lies on d it has no effect, but the further it is turned from d towards g the more
will the resistance on the course d g\>c reduced. If necessary the movable piece of brass

n can also be brought to the other side of d.
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number which denotes how marv times its resistance is greater than

that of a copper wire of equal dimensions. Eepresenting by s the

specific resistance of a metal, the absolute resistance iv of a wire with
r, is

Z. 0.785
IV =z s ^-

a length I and a radius

Specifc resistance i«( what Eiess terms electrical retarding force;

hitherto the reciprocal value of specific resistance has been indicated

by the term capacity for conduction. But in practice it seems ad-

visable to use the numerical value of specific resistance instead of

capacity for conduction.

The values found by Buff for sjiecific resistance of silver, copper,

and German silver, given above, deserve entire confidence, because

they were determined with great care, and by, what is important, a
simple and direct method., which is susceptible of the greatest accuracy.

The silver was prepared specially for this object in the chemical labo-

ratory at Giessen. Tlie copper was jjrepared with great care by the

galvanic process but was not entirely free from iron, as ^^nalysis

showed that it contained 0.02 per cent, of that metal. The first

quality of commercial copper contained 0.22 per cent, of iron ; the

second quality, besides a trace of iron, 0.2 per cent, of lead and 0.26

per cent, of nickel.

In the following table the resistances of difi'erent metals- as de-

termined by E. Becquerel, (Ann. de chimie et de phys. 3 serie XVII,
242 ; Pog. Ann. LXX, 243,) are compared with those found by Kiess,

the specific resistance of copper being taken as unity :
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tlie two currents comes into play. In one of the closing conductors

the rheostat is inserted, hy means of which the resistance in both

circuits caj ha made perfectly equal, so that the galvanometer needle

remains at zero. Now, if in the other circuit we insert the wire to

he determined, then to retain the needle at zero, the resistance of an
equivalent number of rheostat coils must be added to the existing

resistance. In this way the resistance of the wire is first expressed

in rheostat coils.

It is easily seen that this method is practically the same as that by
Wheatstone's differeni^ial resistance-measurer, which, however, has

the great advantage that with it any ordinary galvanometer can be

used, while Becquerel's method requires one of peculiar construction.

The silver which Becquerel used in his experiments was reduced

from the chloride, and Uie copper was precij)itated electro-chemically

and melted.

The numbers of the last column are computed from experiments
which Frick and myself made conjointly by Wheatstone's method.
The copper was trom galvanic prec* itation.

Most of the experiments gave for silver a resistance very near to

that of copper, while Eiess and Lenz before him found it considerably

less. This great diSerence cannol; depend upon the want of purity in

the silver, for that would increase rather than diminish the resistance.

According to the measurements of Lenz (Pog. Ann. XLIV, 345)

the resistance o

'

Antimony is 11.23

Mercury is 21.45

Bismath is 38.47

§30. Dependence of the resistance of metols on temperature.—Lenz
has investigated the influence of change of temperature on the con-

ductive capacity of metals. His reports may be found in Poggen-
dorff's Annalen, Bd. XXXIV, p. 418, and Bd. XLV, p. 105. We
extract from the last-named paper the following results

:
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metals have entirely changed their respective positions in the order o

conductive capacity : lead has become the worst conducting metal
;

platinum has gone above iron ; brass conducts better than tin, which,

at 0°, is above it. At 200° the series is relatively the same as at

100°, though here copper and gold have become nearly equal ; so that

gold, at a yet higher temperature, must be a better conductor than,

copper,

In reference to the method by which Lenz arrived at the above re-

sults, we have a few remarks to make. The current which he used

was magneto-electrical, in the closing circuit of which a multiplier was
inserted alternately with and without the wire to be determined.

This wire was coiled spirally, yet so that the single coils did not touch,

and it was plunged in an oil bath, kept at a constant temperature by a
spirit-lamp. The conductive capacity of the wire was now determined
for a series (mostly 10 to 15) ot different temperatures of the oil bath,

and then by means* of the different relative values of the conductive

capacity g and the temperature t, the probable values of the constant

factors of the equation,

g :=z a -\- ht -\- ci~,

were found. In this manner the following equations for computing
the conductive capacity of different metals were obtained :

For Silver g = 136.25 — 0.4984 t + 0.000804 t^

Copper g =z 100.00 — 0.3137 t + 0.000437 t^

79.79 — 0.1703 t -f 0.000244 t^

30.84 — 0.1277 t -f 0.000273 ^^

29.33 — 0.0517 t + 0.000061 t~

17.74 — 0.0837 t + 0.000150 t^

14.62 — 0.0608 t + 0.000107 t^

14.16 — 0.0389 t + 0.000066 t^

Gold gz=z

Tin g =
Brass g z=
Iron g =.
Lead g =
Platinum g =.

These formulas, by which the above table was computed, accord very
well with the observations.

E. Becquerel has also investigated the relation of the conductive
capacity of metals to temperature.

The method by which Becquerel maintained his wires at a high tem-
perature is as follows : The metallic wire to be used in

the experiments is wound on a glass tube C D, Fig. 21,

one centimetre in diameter and five or six centimetres

in length, so that the single coils do not touch each other.

If the wire should be more than one layer, it must be
covered with silk, and then the second layer of coils

wound on the tube. To prevent the coils from unroll-

ing, they are fastened with silk. Both ends of the wire

are now fastened to the lower ends of the thick copper

rods a h, whose resistance may be disregarded. One of

tiie rods, namely, «, is fastened to the upper end of the

glass tube C D ; the other, h, passes down into the tube.

The coil, with its wrappings, is now placed in a test

tube filled with oil. The two rods a and h pass through
two small openings made in the cork A A', which holds

C D in the middle of the oil. A thermometer with a

long bulb serves for taking the temperature of the oil.
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The oil was heated by immersino; the test tube in a water bath;

hence Becquerel's measurements did not exceed the boiling point of

water.

Becquerel infers from his observations that the decrease of conduct-

ive capacity is proportional to the increase of temperature.

Consequently, the resistance of a metal increases by an equal

amount for each degree of temperature. The following table indicates

the amount of increase of resistance for one degree expressed in frac-

tions of the resistance at zero.

Silver 0.0040
Lead 0.0043
Gold 0.0034
Iron 0.0047
Copper 0.0041

From this Becquerel computed
of these metals at 0° and 100°,

Platinum 0.0019

Zinc 0.0037
Cadmium 0.0040

Tin 0.0062

Mercury 0.0010

a table for the conductive capacity

in which, however, the conductive
capacity of silver at 0° is made equal to 100 ; to compare these data
with those ofLenz, I have re-computed the table, making copper =: 100.

Metal.

Silver....

Copper...

Gold
Cadmium
Zinc

Tin
Iron
Lead
Platinum.

Mercury .*.

At Oo
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fhat the increase of specific heat is proportional to the increase of the

rise of temperature. Whether this he true or not we shall not

attempt to decide ; hut if it were the case, the converse woukl he

proved, of what Miiller desires ; for, according to the determinations of

Lenz, the increase of resistance to conduction is not proportional to

the increase of temperature ; the hypothesis of Miiller would, per-

haps, accord better with the measurements of Becquerel.

Miiller now compared the increase of the specific heat of mercury,

platinum, copper, zinc, silver, and i^-on, with the corr; -^ponding in-

crease of resistance ; the accordance is no: remarhahle. This, how-

ever, in Miiller's opinion, does not militate against his assumption of

the dependence of the increase of resistance on the specific heat,

because the determinations of specific heat at different temperatures

have not been carried to the requisite degree of accuracy. If this

want of accuracy be admitted, as in fact it must be, we must also

admit that to try to prove such a relation with our present knowedge

of facts is, to say the least, a fruitless endeavor.

§ 31. Bedstance of ilie human body to co.idudion.—Lenz and Ptschel-

nikoflf have investigated this subject, and made use of a magneto-elec-

trical spiral as an electro-motor. According to their determinations,

the resistance of the human body, the whole hand being immersed in

water with the addition of j^o part of sulphuric acid, is equal to that

of
91762

metres of copper wire 1 millimetre in diameter. This can be considered

'as only a rude approximation, consequently the description of the de-

tails of the experiment is not necessary.

Pouillet previously (P. A. XLII, 305) estimated the resistance of

the body at

49082

metres of standard wire.

Although these numbers may be very inaccurate, they nevertheless

show us that the resistance of the body is very great, and that, there-

fore, the strength of the currents which produce physiological effects

is always very feeble.

Suppose a human body introduced into the closing circuit of a

Bunsen's battery of 50 cups, the strength of the current will be

50 X 800 _ 40 _
49000 ~ 49

"~

by assuming the electro-motive force of a Bunsen element to he in

round numbers z=. 800, and the resistance of the buttery (ahoiit 500)

being disregarded when compared with that of the body, provided we
take for the resistance of the body the smaller number of Pouillet.

This force of current corresponds to a deflection of about f of a degree

of our tangent compass. A single Bunsen clement closed by the body

would thus give a force of current of only
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Is tlie induced current arising from a single clement, though it

produces in the human body such powerful shocks^ any more consider-

able?

§ 32. Galvanic polarization.—A piece of wire of the length of 2, 3,

4, opposes to tlie galvanic current a resistance 2, 3, 4 ; the electro-

motive foi'ce of the battery and its resistance being known, the strength

of current can be computed from Ohm's law for any wire inserted.

Denote by E the electro-motile force of the battery, by IX the resist-

ance of the batter}', then if 7- denotes the resistance of the closing con-

ductor, the strengLh of current is

and if a wire of equal thickness, but n times as long as the closing

wire, be used, the strength of current is

Ji -'(- n r

This is rot the case with the insertion of liquids. Denote by E
and R the same ps above, and by io the resistance of the liquid in a

voltameter, which is inserted in the circuity then

would be the strength of current, if Ohm's law applied here as to the
metallic wires. By separating the plates of the voltameter n times as

far apart, the strength of the current must be

R -|- n vj

If the strength of the current has been determined for a certain dis-

tance of the voltameter phites, it will be found for double, treble, or

four times that distance of the pohir plates—greater than should have
been expected from the immediate use of Ohm's formula.

This .^ay be seen from a series of experiment-s made by Lenz, and
which were communicated, in volume XLIV of Poggendorff's An-
nalen, p. 349. Without going further into the description of the

method of observation employed by Lenz, i.. will suffice here to pre-

sent some of the results obtained.

Wii.h metallic closing in his battery, (the current being magneto-
electric,) Lenz obtained a strength of currer t = 0.648, (according to

an arbitrary urit.) When the carrent passed through a concentrated

solution of sulphate of copper, ii whicli two copper plates were im-
mersed as electrodes, the force of current was fourd

0.425,

•where the electrodes were 12.6 millimetres apart. Denoting the

whole resistance which the current had to overcome in the first case,

by 1, we have

y = E = 0.648.
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And if the resistance of the inserted liquid be computed in exactly the

same manner as that of the wire, we should get

-J^ = 0.425, hence x = 0.5.
1 -j- ^

If the electrodes were removed 8 times as far apart, other things re-

maining the same, we should expect, if Ohm's law could be applied

without further trouble, that the stratum of liquid 8 times as thick

would oppose a resistance 8 times as great, and that the force of the

current should now be

E _ 0.648 _ 0.648 _ ^ , ^n

l + 8a;~l-f8x0.5"" 5 ~
But experiment gave in this case the force 0.199.

At 12 times the distance apart of the pole plates, we should expect,

from the application of Ohm's law, that the current would be 0.0648,

"while experiment gave 0.120.

In somewhat different form a similar result was obtained from the

experiments of Horsford, (Pog. Ann. LXX, p. 238.) In the circuit

of a Bunsen battery, he inserted a tangent compass and a rheostat.

By means of the latter the deflection of the needle was brought back
to 10°. A stratum of dilute sulphuric acid 2.5 centimetres thick, be-

tween two platinum plates, was now inserted, and with this 32 coils

were taken from the rheostat, or, in other words, 32 coils were removed
from the circuit to bring the deflection again to 10°. When the two
plates were placed twice as far apart, it was not necessary to remove
32 coils from the circuit to bring the needle to rest at 10°, but only

20.5 coils. For each increase in thickness of the fluid strata, of 2.5

millimetres, only 20.5 coils had to be removed from the circuit to

obtain the same deflection.

Thus it appears, from all experiments of the kind, that the diminu-
tion of the strength of the current, which is i>roduced by inserting a

decomposing cell in the conducting circuit of a battery, does not

depend entirely upon the proper resistance of the liquid, but that there

is another cause at work diminishing the current, which, however, is

not augmented by the thickness of the stratum, but apparently is in-

dependent of it.

Fechner ascribes this to the so-called '''resistance to transition,"

which acts at the surface of contact between the metal plates and
liquid. Thus he imagines that the current has to overcome, besides the

resistance of the fluid itself, a j^eculiar resistance at the pole plates of

the decomposing cells, which we will denote by u. If, with a given

thickness of the liquid stratum, the strength of current is

s= J=

, (1)

then for a stratum n times as thick, the strength of the current, ac-

cording to Fechner's view, will be

S' =z p-r-^x • (2)
il -f- It -\- n to

Poggendorfi' at first defended this hypothesis of Fechner. Lenz
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has shown, in the paper cited above, that tlic strength of the current
which passes through a liquid may he calcuhited hy formula, (2), and
l)e]ievos he has thus proved the existence of resistance to transition.

Ohm, Vorselman de Heer, and other physicists, opposed this hypo-
thesis, and ascribed the above mentioned anomalies to a galvanic
poIa?'ization of the voltameter plates, which acts in opposition to the
electro-motive force of the battery. Denoting this force by E, the
strength of current, after inserting a voltameter, would be, according
to this view,

E - 6
. (3)

e donating the electro-motive opposing force in the voltameter, the
other letters retaining their former signification.

At n times the distance of the plates from each other, the strength,
according to this view, would be

E—

e

(4)

S':=: R 4" ^"'^

Lenz treats of this subject again in volume LIX of Poggendorff's
Annalen, p. 229. A new series of experiments on the strength of the
currents with inserted voltameters is compared with formulas (1) and
(3) ;

and Lenz finds that both satisfy the observations, and that the
changes in the strength of currents produced by the voltameter can
be made to accord with Ohm's law, as well by the hypothesis of a re-

sistance to transition as by that of an electro-motive opposing force at
the electrodes.

Thus this investigation of Lenz leaves the question undecided, while
he himself holds the opinion that galvanic polarization is more prob-
able than resistance to transition.

From the form in which Lenz combined his experiments, no decision
could be expected

; but, with another mode of considering this sub-
ject, this would not have been the case. We need only determine the
simple electro-motive force of a battery once with metallic circuit, and
then, with the voltameter inserted, to find whether or not an electro-
motive opposing force appears in the voltameter.
A series of experiments, which I made for the purpose of rendering

the solution of the question apparent, gave the following results :

Six zinc and carbon elements formed the battery. The tangent
compass inserted in the circuit gave

For insertion of 46° deflection.

For insertion of 49 metres of standard wire 30 "

Consequently the value of the electa'o-motive force of the battery is

E = 4366.

A similar experiment, in which a brass wire was inserted, equal to

29.2 metres of the standard wire, gave

E — 4479
;

then the mean is

E =: 4422.
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A voltameter was tlien inserted. Without any "urtlier addition, the

deflection was
31°. 8.

Wlien an iron wire, whose resistance was equal to 49 metres of the

standard wire, was inserted in addition, the deflection was

20°. 6;
conseciucntlj''

E' = 3320.

After exchanging this iron wire for the ahove mentioned hrass wire,

(= 29.2 metres of standard wire,) the result was

E = 3520,

and the mean
E' =z 3420.

Tliese experiments show clearly that the electro-motive force is di-

minished by inserting the voltameter, and diminished not a little

;

for A\e have
e=E — E' = 1000.

Hence, if a decomposing cell he introduced in the circuit, two causes

come into action diminishing the strength of the current—fi^'st, the

electro-mo tive force, which sets the current in motion, is diminished
;

and second, the resistance is ^'ncreased. The strength of the current

in this case is to he computed hy the formula

Daniell was the first, to my knowledge, who proved the existence of

galvanic polarization, simply hy using Ohm's law, (Philos. Trans.

^

1842, Ft. II, Pogg. Arn., LX, 387,) and he did it in a very ingenious

way, without using any other instrument than the voj^ameter itself.

An instrument of this kind was inserted in the closing arc of a hat-

Fi-, on tery of 5 D.aiiell ele- f\-.^x

ments r>s sho»vn in Eig.

^—"—-V. 22 ; 6 cubic ir'ches of

N»-9-o-»-V deionauing gas were
evolved in 5 minutes.

If there was no electro-

motive opposing force

present, the same voltameter, placed in the closing arc of 10 double

elements, sbonld yield double the quantity of gas in the same time

;

for in the first case the strength of the current was '

5E ^

in the second,
10 E 10 E

y R + r 5 Pt + r'

hence in th'^ hast case we should obtain 12 cubic inches of gas in five

minutes. The experiment, however, did not give 12, but 20 cubic



5Il + r
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and to restore it to its original position, the resistance of the "battery-

is diminished by aid of the rheostat and resistance rolls,* nntil the

needle comes to rest at its first position. The reduced length of the

wire tlius brought from the battery is the measure of the resistance of

one inch of liquid ; the influence of polarization has already been
eliminated by the method of the ex])eriment.

The arrangements which Horsford and Becquerel used, to measure
the resistance of liquids, are founded on the same principle.

Horsford used a quadrangular trough of solid wood (Pog. Ann.
LXX, 238) 3 decimetres in length and 7| centimetres in breadth and

Fig. 25. depth, for holding the liquid,

(Fig. 25 ;) the inside is coated

with shellac varnish to prevent

the escape of the liquid. Two
pieces of wood are placed on the

trough ; one of which. A, is fas-

tened, while the other, B, can
be moved back and forth as a

slide. These cross-pieces serve

for holding the immersed plates

in the liquid, and for changing their distance apart at pleasure. The
plates, the same width as the trough, are fastened to copper strips,

which are again screwed to the cross-pieces.

The trough, filled with the liquid, is now placed with the rheostat

and tangent compass in the closing arc of a battery of more or less

cups, according as the circumstances require a greater or less electro-

motive force. The course of the experiment is similar to that indi-

cated by Wheatstone.
Horsford's arrangement has many advantages. 1. The measure-

ments can be extended by placing the plates at a greater number of

distances apart ; 2. Plates of different metals can be easily substitu-

ted ; and 3. Experiments can be made with the trough filled to dif-

ferent heights.

Horsford has shown that liquid columns follow exactly the same
law in regard to resistance as metallic wires ; that is, the resistance

is directly as the length, and inversely as the section of the liquid

stratum.

The trough being filled with dilute sulphuric acid, the plates were
placed 2.5 centimetres apart, and the entire resistance so regulated

that the needle of the compass {5ame to rest at a given point, (say 20°.)

The second column of the following table indicates the number of

rheostat coils (of German silver wire) which were removed from the

circuit to restore the compass needle to the same place, when the dis-

tance apart of the plates (the trough being kept filled to the same

* If the requisite changes of resistance exceed the limits of the rheostat, the object is

accomplished l)y the insertion or removal of wire rolls (thin wire wound between the fine

screw-thread of a dry wooden cylinder) the resistance of which is known. By adding or

taking away such resistance rolls the greater changes of resistance are accompl itched, and
the smaller ones are produced by the rheostat alone.
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height, namely, 2.75 centimetres) was increased by the values in the

first column :

Distance of plates,

centimetres.

2.5
5.0
7.5
12.5
25.0

Coils removed.

2.11
4. 25
6.98

10. 75
20. 67

Since the corresponding numbers of the two columns here liave

nearly the same ratio throughout, the resistance of the fluid column
is thus actually proportional to its length. In the mean we get from
this experiment, for the resistance of a stratum of li(|uid of five cen-
timetres, the value 4.3 rheostat coils.

When the trough was filled to a height of 4.8 centimetres, the value
2.5G rheostat coils was obtained from a similar experimental series for

the resistance of a liquid column five centimetres long of the same
dilute acid.

Now, since the heights of the liquid in the trough, 2.75 and 4.8,
are nearly in inverse proportion to the corresponding resistance 4.8
and 2. 50, (namely, 2.75 : 4.8= 2.56 : 4.4(i,) the resistance of the
liquid column is in inverse ratio of its section.

The following table contains the values determined by Horsford, for

the specific resistance of difierent liquids :

Name of licmid.

Sulphuric acid

Do
Do
Do.
Do....
Do

Solution of chloride of sodium
Do..
Do
Do.

Solution of cliloride of potassium.
Solution of sulphate of copper

Do
Solution of sulphate of zinc.

Condition.

Specific gravity 1. 10.

do.. 1. 15.

do 1.20.

do 1.21
do 1.30..
do 1.40

27. {> grains in 500 cc. water .

.

21.3 do do.

10. C5 do do
5. 325. ..do do

27.7 do do
Of which 100 cc. contains

15.01)3 grains

With douhle volume water .

.

Of whicli 100 cc. contains

7. 2587 grains

Specific resistance,

that of silver :rr 1

.

938,500
840. 500
69 (i. 700
696. 700
696. 700

1.02;j,400

7, 157.000
9,542.000

18,460.00(1

34, 110,000
7, 168,000

12,058.00(1

17,490,000

23,515,000

These liquids were chemically pure.
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« i

The apparatus represented in Fig. 20 Avas used hj
Becquerel for measuring the resistance of licjuids (Ann.

de chim. et de phys, 3 series, XVII, 242.) Its construction

hardly requires any further explanation. The metal

plate a is movable up and down in a glass tube, at the

lower end of which the plate b is placed ; thus the cur-

rent has to traverse the liquid column between a and h.

The conducting wires of the plates a and h are enclosed

in glass tubes to prevent lateral currents.

Becquerel applies the differential galvanometer here

also; in each of the two closing circuits is inserted an
apparatus like that of Fig. 26. In order that he might
raise or lower the plate a in one of them, lie arranged so

that tlie multiplier needle came to rest at 0.

A spiral wire of knov/n resistance having been inserted

;n one of the closing arcs, tlie needle deviated and the

liquid column of tlu^t circuit had to be shortened to re-

store the needle to 0. In this manner 't was found how
i long the liquid column should be, to exert the same

resistance as the inserted spiral wire. Ifc is understood,

of course, that there were contrivances for measuring t' e exact eleva-

tion or descent of the plate a; but of these, it is not necessary to

give the description.

By this method Becquerel found the following values for the specific

resistances of different liquids, silver being taken as 1 :

Saturated solution of sulphate of copper 18,450,000

Do common salt 3,173,000

Do nitrate of copper 11,120,000

Do sulphate of zine '.

17,330,000

Dilute sulphuric acid (220 c. c. water -!- 20 c. c.

sulphuric acid with 1 atom of water) 1,128,000

Commercial nitric acid of 36° B 1,606,000

With reference to the influence which the degree of concentration

had upon the solution, Becquerel found the following results :

Liquid. Resistance.

Sulphate of copper, sn.turated solution -

.

" " diluted to 2 volumes
" " diluted to 4 volumes

Common salt, satui'ated solution -

'

'

diluted to 2 volumes
" diluted to 3 volumes
" diluted to 4 volumes

18,450,000
28,820,000
48,080,000
3,173,000
4, 333, 000
5,721,004
7, .864, 000

§32*. Computation of strength of current by means of an inserted

voltameter.—When the resistance of the liquid and the approximate
quantity of galvanic polarization are known, it is easy to compute
the strength of current of a given combination. Suppose, for example,

a voltameter, whose plates have a surface (on each side) of 25 square
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centimetres (2,500 square millimetres) and are 1 centimetre (0.01

metre) apart, is filled with dilute sul])huric acid of the specific gravity

1.4 ; then the resistance of the liquid column in the voltameter is

—

1023400 Ml|,g^^5 = 32;

hence the strength of the current is t> 9— j denoting hy E the

electro-motive force, and by K the entire resistance of the j)ile, and
assuming for the polarization the approximate value 1,000.

When a voltameter is inserted in the closing arc of a battery, the

principle is no longer true, that a maximum strength of current is

obtained when the given number of cups are so arranged that the
resistance of the battery is equal to the resistance of the closing arc

;

because the supposition on which the demonstration was based,

namely^ that in different combinations of the same number of cups
the resistances vary in proportion to the square of the electro-motive

force, does not hold good here by reason of the polarization in the
voltameter. Tlie maximum effect is in favor of those combinations in

which more cups stand in a row and fewer beside each other.

That a change of the maximum should take place in this way, may
be easily seen from a special example. In the various combinations
of 24 cups, of Daniell's elements, (where E = 470, R = 22,) a wire
was inserted, whose resistance was equal to 32 ; the following /orces

of current were obtained for these combinations :

24 X 470 11280

24 X 22 -{- 32 560
=z 20.

2 12 X 470 _ 5640 _
3^

6 X 22 + 32 164

3 8 X 470 _ ^m _ 4^
2.7 X 22 -h 32 91

4 6 X 470 _ 2820 _ ^3
1.5 X 22 +32 65

4 X 470 _ 1880

0.7 X 22 + 32 47
40.

6
3X470 1410 ^ 34

0.4 X 22 -f 32 41

Hence, we have the maximum, 43, for the case where the resistance

of the battery, 1.5 X 22 =r 33, is nearly equal to that of the closing

arc. But, by inserting the above-mentioned voltameter, whose resist-

ance is 32, instead of the metallic wire of the same resistance, the

strength of current must be less, because the numerator of the above
fraction has to be reduced by 1 ,000 ; hence we get the following

strengths of currents for the different combinations :

25



1.
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A dilute solution of sulphate of zinc 0.0223

Commercial nitric acid 0.0263

Hankel lias published a more extensive series of experiments on

tliis subject, {Fog. Ann., LXIX, 255.) He found the resistance of a

concentrated solution of sulphate of copper (A) of tlie spec. grav. 1.17,

at different temperatures, as follows

:

0° 11.26

11.9 7.33

31.0 4.70

66.4 3.12

The resistance of 108.^ parts of theformer solution (A) ivith 185 parts

ivas, at
0° 22.87

11 15.16

25 10.5

67.4 7.1

The resistance of a concentrated solution of nitrate of copper teas, at

0° 4.89

11.5 3.27

25 2.18

67.2 1.64

The resistance of a concentrated solution (B) of sulphate of zinc ivas, at

0° 13.05

9.8 8.62

27.4 4.55

67.4 2.29

TJie resistance of a mixture of "il parts of the solution (B) and 1 16 ^ar^s^

water loas, at

0° 13.00

11.1 8.82

28.8 5.57

65.1 3.51

The unit to which these resistances were referred was arbitrary.

The construction of the vessel holding the liquids used in these ex-

periments cannot be clearly understood from Hankel's description.

On considering the result, we find that the decrease of resistance is

not proportional to the increase of temperature, as Becquerel supposes.

For the concentrated solution of sulphate of copper, we have on an

average the following for a rise of one degree of temperatuTe

:

Limits of temperature. Decrease of

resistance.

0° and 12° 0.327

12 '' 31 0.138

31 " 66.4 0.044

Thus for a given difference of temperature, the corresponding change

in the resistance of the liquids is greater, the lower the temperature.
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§ 34. Galvanic polarization varies ivith the magnitude of the force of

the current.—Many physicists, and among others Lenz, (Fog. Ann.,

LIX, 234.) have expressed the opinion that the electro-motive opposing

force of a voltameter is independent of the strength of the current.

In Daniell's memoir, mentioned above, (Pogg. Ann., LX, 387,)

this opinion is adopted, and the attempt is made to establish it by
a series of experiments with the voltameter. These measurements,

however, are not exact enough for this purpose. Wheatstone also

entertains this opinion, and is thereby led to a further false conclu-

sion. He determined the electro-motive force of a battery of three

Daniell's elements, then the electro-motive opposing force in a volta-

meter, which was inserted in the closing arc of the same battery. He
found

E=:90 e=69.

When batteries of four, five, and six elements were used, almost ex-

actly the same value tor e was found ; hence Wheatstone inferred

that the electro-motive opposing force may be considered as constant.

E is here the electro-motive force of three combined cups, consequently

the electro-motive force of one cup is —- = 30, a value less than e.

Wheatstone thinks that the phenomenon may be explained by sup-

posing that'a single element cannot effect the decomposition of water

in a voltameter.

But tliis is erroneous. The electro-motive opposing force can never

become stronger than the original cause which produces it ; hence we
must suppose that the electro-motive oppposing force is dependent

upon the strength of the current. But then the current of a single

element can certainly decompose water, though at a very small rate.

For instance, when a voltameter was inserted in the closing arc of a

Daniell's element, its plates being about two square inches, 1 obtained

a very sensible development of gas.

That the electro-motive opposing force in a voltameter actually de-

pends upon the strength of the current, appears very strikingly in a

series of experiments which I made for this purpose. As already

mentioned above, I found the electro-motive force of a battery of six

zinc and carbon elements to be

—

E =: 4422,

and the electro-motive opposing force,

e = 1000.

The electro-motive force of each single element was H^ = 737,

thus decidedly less than the electro-motive opposing force in the vol-

tameter.

The electro-motive force of a battery of four such elements (zinc

and carbon) was next determined ; the result w^as

E = 3124.

After inserting the voltameter the electro-motive force was only

El = 2427
;
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hence,
e = E — E' =r 700.

Here^ with a weaker current, the electro-motive opposing force ap-
peared sensibly less ; indeed, in this case it is less than the electro-

motive force of an element.

For a battery of two elements tlie result was

E =z 1G04.

After the insertion of the voltameter,

E' = 984,
thus

—

e =z E — E' = 620.

No claim to great accuracy is made for the numbers just given, but
that which is placed beyond doubt by them is what might have been
foreseen

; the electro-motive opposing force becomes gradually less

with the decrease of the strength of the current. Hence it is a func-
tion of the current, though the force of this function must be deter-
mined by more accurate experiments.

That the magnitude of the electro-motive opposing force is depend-
ent on the strength of the current was first placed beyond doubt by
Poggendorff.—(P. A., LXI, 613.) Buff also (P. A., LXIII, 497)
found the electro-motive opposing force of a voltameter greater with the
current of three zinc and carbon elements than with that of only two

;

he found, moreover, the magnitude of the polari/.ation diminished by
the insertion of a greater length of wire in the closing arc.

^'=- ^''' For the case in which the
electrodes fill up the whole
section of a trough like that of
Fig. 27, the polarization ap-
peared somewhat greater, ac-

cording to Buff, when the de-
composing cell is less full. If

the electrodes are suspended in

the surrounding liquid, without
filling the whole section, the size

of the electrodes has no influence on the magnitude of the j)olari-

zation.

§ 35. Numerical determination of polarization.—Lenz and Saweljev
have instituted a large series of experiments for determining galvanic
polarization in different cases. (Bull, de la Classe Phys. Math, de
I'acad. de Sci. de St. Peters, b. T. V., p. 1 ; P. A., LXVl'l, 497.) The
process which they used to determine the magnitude of polarization

in a decomposing cell was that of Wheatstone, viz: by determining
the electro-motive force of a battery, first with metallic closing con-

ductors, and afterwards with the decomposing cell inserted. The dif-

ference of these two numbers, gives the magnitude of the electro-

motive opposing force produced by the polarization in the decomposing
cell.

The following example will explain the mode of observing.
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To reduce the deflection of the compass-needle from 20° to 10° the

following must be inserted :

With metallic closing 19.91 rheostat coils.

A decomposing cell being inserted in the

closing arc, formed of two plates of plati-

num immersed in nitric acid 17.37 "

Polarization of the decomposing cells ... 2.54

By this method the following values were found for the galvanic

polarization of different decomposing cells :

Copper-plates in sulphate of copper 0.07

Amalgamated zinc plates in nitric acid 0.03

Copper-plates in nitric acid 0.01

These experiments prove that polarization disappears when the

escape of gas ceases at the electrodes ; in all three cases no oxygen ap-

peared at the positive electrode, because it oxidized the metal imme-
diately on its evolution from tlie water ; the escape of hydrogen at the

negative electrode was prevented in the first case by attracting in its

nascent state the oxygen from the oxide of copper, and precipitating

metallic copper ; in the other two cases the nascent hydrogen was
immediately oxidized by the nitric acid.

Thus here, where the electrodes are not covered with a stratum of

gas, polarization does not take place ; the small numerical values

given above are not due to the polarization of the electrodes, but to

the fact that they do not remain in the same state—one plate being

attacked and the other not, and thus the pair of plates itself becomes
a feeble electro-motor.

Buff also (P. A., LXXIII, 497) found the polarization for copper
plates in sulphate of copper, and for zinc plates in sulphate of zinc,

very small.

Lenz and Saweljev found further for the polarization of

Platinum plates in nitric acid 2.48

Platinum plates in sulphuric acid* 5.46

Amalgamated zinc plates in SO3 1.00

Copper plates in " ." 2.15

Tin electrodes " 1.45

Iron electrodes " 0.33

Graphite in concentrated " 1,26

These numerical values are mostly the mean results of a number of
experiments.

In the first case, that of platinum plates in nitric acid, there is no
escape of hydrogen at the negative electrode—the polarization shown
in the value 2.48 is thus to be ascribed entirely to that at the positive

electrode, where oxygen appears ; 2.48 is consequently the magnitude
of the polarization which a platinum plate receives from oxygen:

In the second case^ that of platinum plates in sulphuric acid, de-

velopment of gas takes place at both electrodes ; therefore 5.46 is the

* Composed of 6 vols, of concentrated SO^ -f- 100 of water.
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sum of the polarization of both plates ; the polarization of platinum
by oxygen being 2.48 ; that of the same metal by hydrogen is

5.46 — 2.48 = 2.98, or nearly 3.

In the four succeeding cases, (zinc, copper, tin, and iron, in sul-

phuric acid,) the positive electrode is attacked, and therefore the cor-

responding numerical values are those of the polarization of these
metals by hydrogen. Arranging these results, we have for the po-
larization of

Platinum in oxygen 2.48
Platinum in hydrogen 3.00
Zinc in do 1.00
Copper in do 2.15
Tin in do 1.45
Iron in do 0.33
Graphite or carbon in oxygen 1.25

If we introduce into the closing circuit of a battery a decomposing
cell of unlike plates, this itself will act as an electro-motor, and the effect

of its force will, according to circumstances, either favor or oppose
the polarization. Suppose the electro-motive force of the decomposing
cell, as well as its polarization, to oppose the electro-motive force of
the battery, then the difference D obtained from the measurements of
the electro-motive force of the battery, with and without the decom-
posing cell in the circuit, will be the sum of the electro-motive force

of the decomposing cell, and of the polarization, or

denoting by e the electro-motive force of the decomposing cell, and by
p the polarization taking place in it. If we have determined the
value of D for difierently constructed decomposing cells, (say, for, ex-
ample, consisting of platinum in nitric acid, and zinc in sulphuric
acid, platinum in nitric acid, and copper in a potash solution,) we
can compute for these combinations the value of e by deducting the
respective values ofp. In this manner Lenz and Saweljev ascertained
the electro-motive force of the following combinations :

FlxLiinuin in nitric acid, combined with

—

Platinum in hydrochloric acid 0.26
Do sulphuric acid 0.02
Do nitric acid 0.00
Graphite in nitric acid 0.01
Gold in nitric acid 0.06
Gold in sulphuric acid 0.25
Mercury in sulphuric acid O.TO
Mercury in nitrate of mercury 0. 79
Platinum in solution of potash..... 1.20
Pure copper in sulphuric acid 1.39
Slightly oxidized copper in sulphuric acid 1.75
Copper in sulphate of copper 2.00
Gold in solution of j^otash 2.31
Tin in hydrochloric acid 2.38
Iron in do ,...do 2.75
Graphite in solution of potash 2.84
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Iron in sulphuric acid 2.92

Tin in do do 2.95

Copper in solution of potash 3.10

Tin in solution of potash 3.94

Zinc in dilute nitric acid 4.05

Zinc in dilute hydrochloric acid 4.07

Zinc in sulphuric acid 4.17

Iron in solution of potash 4.65

Zinc in do do 5.48

For zinc in sulphuric acid, and copper in sulphate of copper, these

two Kussian physicists found the electro-motive force 2.17. This

gives us a point of reference for reducing the numerical values, given

above, for polarization and electro-motive force to our (the chemical)

unit. We have found for the electro-motive force of a Daniell ele-

ment the value of 470 (section 9) ; and to reduce the values given hj
Lenz and Saweljev to chemical measure they must be multiplied by

^ = 217.

For the electro-motive force of a Grove's element, (platinum in ni-

tric acid, zinc in sulphuric acid,) they found the electro-motive force

4.17 ; consequently, in chemical measure, it is 4.17 X 217 = 905.

Hence, for the polarization of different metallic plates, we get the

following values expressed in chemical measure :

Platinum in oxygen 538
Platinum in hydrogen 651

Zinc " " 217

Copper " " 466
Tin " '' 314
Iron " " 72

Carbon in oxygen 271

for the entire polarization of the two platinum electrodes in dilute sul-

phuric acid

1185,

while for this case I found the number (seciSbn 32)

1000.

§36. Polarization in platinized ijlatimmi plates.—Poggendorff ob-

served, accidentally, that in an element of the Grove gas column,
which was inserted in the closing arc of a Grove element, a consider-

able development of gas took place unexpectedly, while a simple

Grove element, closed by a voltameter with uncoated platinum plates,

produced a very inconsiderable decomposition of water. (Pogg. Ann.,
LXX 183.)

For making comparative measurements, he constructed a voltameter

with platinized platinmn plates, which he compared with an ordinary

voltameter. The voltameter with uncoated plates yielded in the

closing arc of a Grove element, in thirty minutes,

0.89 cubic centimetres of explosive gas
;
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wliile the voltameter with platinized platinum plates, under the same
circumstances

J
yielded

77. G8 cubic centimetres;

thus nearly 87 times as much.
This is due simply to the fact, that the polarization in platinized

plates is considerably less than in uncoated plates. Poggendorff has
proved this by direct measurements.
The electro-motive force of a battery of two Grove's elements was

=. 64 ; after inserting the platinized plates it was 31 ; hence the po-
larization of the platinized plates was

04—31 = 33.

When, instead of the voltameter with platinized plates, that with
uncoated platinum plates was substituted, the electro-motive force of

the whole battery was eq[ual to 22 ; therefore the polarization on the
uncoated plate was

64 — 22 = 42.

It is shown, in section 18, that the electro-motive force of a Grove
element, as a mean of the observation of different physicists, is 777
in chemical measure ; hence the electro-motive force of two elements
equals 1554 ; therefore the value of the polarization of the uncoated
plates which Poggendorff found, reduced to chemical measure, is

1554
42 X -g^=1020;

which accords very closely with the value of the polarization given
above in section 32.

Hence the polarization for platinized plates, in chemical measure, is

1554
33 X -gj- = 801.

Poggendorff also found, as mentioned already in section 34, that
the magnitude of the polarization diminishes with the strength of the
current

; when, by the increase of the accidental resistance, the cur-
rent was so weakened that the needle of the sine compass, inserted in
the closing arc, receded from 47° 49' to 5° 44', the polarization in the
voltameter diminished from 42 to 38, or, in chemical measure, from
1020 to 922.

According to Poggendorff 's experiments, the magnitude of the po-
larization with platinized plates is but little dependent upon the
changes of the strengtli of the current, so that it may be considered
constant, without sensible error.

Svanberg also has instituted many experiments in galvanic po-
larization, and with great care and accuracy, (Pogg. Ann., LXXIII,
298.) For the polarization v/hich the current of four Daniell ele-

ments produced in a voltameter with uncoated platinum plates, he
found, reduced to chemical measure, the value

:• Svanberg observed;^ thiil the polarization in the voltameter increases
gradually, and requires some time to attain a maximum. Therefore,
to determine the maximum polarization accurately, he made his meas-
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urements only after the current had been passing for some hours
throufljh the voltameter.

Metal plates with rough surfaces appeared from his measurement to

be polarized less than polished ones, which accords well with Pog-
gendorff 's observation, that the polarization on platinum plates is less

than on naked ones. The polarization of polished copper plates by
hydrogen, Svanberg found in the ratio of 12 to 8 less when they were
made rough with a file, or still better when rendered granular by
galvanic precipitated coi3per.

§3*7. Bvff's researclies on galvanic polarization.—Single results of

these researches have been already mentioned above, but we must
here present a few more extracts from Buff's Memoir. (Pogg. Ann.,
LXXIII, 497.)

He found that a deflection of 45 degrees in his tangent compass
corresponded to a development of hydrogen of 21.08 cubic centime-

tres per minute, (reduced to the temperature of 0° and 760 milli-

tres pressure?), which is equivalent to a development of explosive

gas of 31.6 centimetres ; hence the strength of the current was re-

duced to chemical measure by multiplying the tangent of the angle
of deflection by 31.6.

In the course of this investigation. Buff found the electro-motive

force of a Danieil element equal to 4.20*7. Since, in establishing our
unit we have taken the electromotive force of this element at 470,
Buff's data of electro-motive force, as well as his value of polariza-

. . . 470
tion, must be multiplied by ^^ =: 111 to make the results compar-

able with ours. Buff's comparison of the strength of current and
magnitude of polarization in a voltameter with naked platinum plates,

(referred to our unit), gave the following results :

Strength of current.
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Thus, under circumstances otherwise equal, the polarization ap-
jiearcd somewhat greater than when tlie trougli was filled higher, as

already mentioned in section 35.

Buff also remarked that tlie maximum polarization required a con-

siderable time to elapse before taking place.

For one decomposing cell formed of two zinc plates in a solution of
sulphate of zinc, he found the value of polarization,

p=0.85
;

in our unit

p= 94.

From this result he is led to the following conclusions

:

" I regard 7? i=: 0.85 as the electrical difference of zinc and hydro-
gen, or as an approximation to it. In like manner I regard tlie polari-

zation resistance ot the platinum plates in dilute sulphuric acid as an
approximate value for the electrical difference between oxygen and
hydrogen. By the stratuili of hydrogen at the negative platinum
plate, and the stratum of oxygen at the positive plate, the same
effect is produced as though not two platinum strips, but a strip

of solid hydrogen and one of solid oxygen, were placed in the acid.
* * * The electro-motive action developed by the immediate
contact of hydrogen and oxygen, or the electrical difference of these
substances, indicates the extreme limits of the resistance, which can
take place by the polarization of two metals in the decomposing cell.

This limit will be approached the more nearly, the more perfectly the
immersed ])lates can be coated with the gases, and the more perfectly

the immediate contact of the metallic with the liquid conductors is

prevented,"

In the same memoir we find other experiments proving the absence
of polarization in all cases, in which the deposition of the gases on
the electrodes is prevented, which has been previously mentioned.
(Section 35.)

§ 38. Dimimition of p)olarization hy heating the liquid.—De la
Rive describes the following experiment in the Bihlioth. Univers.,

Fchruary, ISST, p. 388 : In the closing arc of a battery of four ele-

ments, he inserted a galvanometer and a decomposing cell, composed
of two platinum plates, immersed in a glass of water ; the galvan-
ometer indicated a deflection of 12°. He then placed under the posi-

tive pole- plate where oxygen was developed, a large spirit-flame, so

that the plate began to glow, and the part immersed in the liquid

being gradually heated by conduction, raised it to the boiling point.

(The platinum plate was probably bent at right-angles.) No change
was perceptible in the deflection ; the same was done at the negative
plate, but now the needle advanced to 30°. After removing the lamp,
the deflection returned to 12°.

When the water was replaced by dilute sulphuric acid, the original

deflection was 45°
; by heating the negative plate it rose to 80°, w'hile

heating the positive plate had no effect whatever.
Hence De la Rive concludes, that heat has no influence on the pas-
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sage of the electrical current from a metal into a liquid, but that it

perceptibly favors the passage of the current from a liquid to a metal.

Vorsselman de Heer opposed this singular opinion. He ascribed

the action not directly to heat, but to the motion of the liquid pro-

duced by boiling, and by which the polarizing gases were removed

from the electrodes. He supported his view by the fact that the same

effect can be produced without heat, by merely agitating the plate

slightly in the liquid, or causing motion in the liquid near the plates

by a glass rod.

He took a voltaic pile of five pairs charged with pure water. Two
platinum wires dipped in a glass of distilled water, forming the poles

of the battery, the galvanometer placed in the circuit indicated 45°
;

this deflection, however, rapidly decreased on account of the increas-

ing polarization, but it always increased again when the negative

wire was shaken. The following results were obtained

:

After 15' 34°
; the negative wire being shaken, 40°

After 30' 16°

;

do. do. 38°

After 60' 4°

;

do. do. 32°

Shaking the positive wire had no influence.

Similar results were obtained with copper wires.

Vorsselman' s explanation is certainly the correct one, yet he leaves

unexplained the circumstance of the positive pole being unaffected by
heating or shaking. Is it because oxygen adheres more firmly to

platinum plates than hydrogen ?

According to a notice in the " Jahresbericht iiber die Fortschritte

der Chemie, Physik u. s. w. von Liebig und Kopp, Giessen 1849, s.

297," r>ecker of Griessen has investigated more minutely the decrease

of polarization at increasing temperatures of the decomposing fluid
;

but his labors have not yet been published.

.§ 39. Cause of galvanic polarization.—One of the first who opposed

the hypothesis of resistance to transition, and endeavored to estab-

lish the existence of an electro-motive opposing force in the voltameter,

was Schonbein. AVhile all the researches on this subject, hitherto

considered, rested upon the relation of the passage of the current

through electrolytes, to Ohm's law, and while they were in this way
led indirectly to the view that galvanic polarization was to be ascribed

to the strata of gas covering the electrodes, Schonbein regarded the

subject from an entirely different point of view, and sought to prove

directly the polarizing influence of gases on metallic plates.

The most important of Schonbein's memoirs on this subject are the

following

:

Ohse7'valions on the electrical 'polarization of solid and liquid conduo-

tors. (Pog. Ann. XLYI, 109.)

Neto observations on voltaic polarization of solid and liquid conduc-

tors. (Fog. Ann. XLVII, 10!.)

On voltaic polarization of solid and liquid bodies. (P. A. LVI, 135.)

I will here state the essential results of Schonbein's researches,

without reporting upon the contents of these separate papers.

The following experiment is mentioned on page 199 of the second vol-
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ume of my treatise, (Lehrbuch tier Physik.) If the current of a battery

be passed tlirough a voltameter, and then, directly after breaking? the

circuit, each of the voltameter phites be brought into contact with the

terminating wire of a multiplier, the latter will indicate a current

traversing the voltameter in the direction opposite to that of the

original current of the battery. This experiment, made as early as

1827, by De la Rive, merely shows that an electro-motive opposing

force is generated in the voltameter by the primary current ; but it

gives us no clue to the cause.

Becquerel maintained tliat the secondary current appeared only in

the case when the poles were immersed in the solution of a salt.

Under these circumstances, says Becquerel, the salt is decomposed,

the base collects at the negative pole, the acid at the positive ;
and if

the wires be put in conducting connexion after the removal of the

battery, a current is generated in consequence of the re-combination

of the acid and base.

Schonbein now shows that a solution of a salt is not at all necessary

for bringing about a secondary current; that the experiment succeeds

perfectly with pure water very slightly acidified with pure sulphuric

acid, even if the platinum electrodes communicates but for an instant

with the battery.

These secondary currents are by no means of only momentary dura-

tion ; they last, according to circumstances, a longer or shorter time.

In an instance in which the original deflection of the galvanometer

needle by the secondary current amounted to 80°, four minutes elapsed

before it altogether disappeared ; in another, when the deflection was
1G0°, it lasted thirty minutes.

Schonbein produced secondary currents as well with electrodes of

gold as with those of platinum. Iron wires being used instead of

platinum, and a solution of potash for sulphuric acid, the secondary

current also appeared. Experiments with silvered copper wire, zinc,

and other metals, gave similar -results ; so that it is in the highest

degree probable that all metallic conductors have the property of being

electrically polarized.

In the second of the above-mentioned memoirs (P. A. XLVII, 101)

Schonbein arrives at an explanation of the phenomenon. The most

important facts which lead to it are the following :

1. Platinum wires or plates which, being placed for a greater or

less length of time in pure water, or in water with sulphuric or nitric

acid, hav^e served as electrodes, and are then heated to redness in a

spirit flame, lose entirely all their electro-motive power.

2. If the positively polarized electrode, or that which has served as

a negative pole, be exposed but for a few moments to an atmosphere of

chlorine or bromine, the electro-motive force will be completely de-

stroyed ; the same result is also obtained by a longer immersion in

oxygen gas.

3. A negatively polarized platinum wire loses its electro-motive

force if it be exposed a few seconds to an atmosphere of hydrogen.
'4. By exposing positively or negativ^ely polarized platinum plates

to a gas which has no chemical action either on oxygen or hydrogen
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in the presence of platinum, the electro-motive force of the plates will

not be destroyed.

5. A platinum plate exposed for only a few seconds in an atmo-

sphere of hydrogen, is polarized positively.

6. Gold and silver wire do not acquire electro-motive power by
immersion in hydrogen gas.

7. A platinum wire placed in oxygen does not become negatively

polarized, nor do gold and silver.

8. Platinum, gold and silver, exposed for a few seconds in chlorine

gas, become polarized negatively. Bromine gas produces the same
eflect on these metals.

Before passing to a further elucidation of these facts, we will con-

sider the most advantageous way of showing the electrical polariza-

tion of a metallic plate.

In a small cup of mercury a, Fi,<.\ 28, connected witl; the terminal

wire of a multiplier, the end of a wire of a platinum plate p is im-

j.j„ 2g_
mersed. The plate must be first perfectly

cleaned, and then suspended in a glass of

acidified water. In the cup h the wire of

a second and exactly similar platinum plate

is placed—the plate being in like manner
cleaned and suspended in the acidified

water. The needle will, of course, remain
at rest, since both plates act exactly alike

electro-motively. But if the second plate,

which we will denote by^, should be po-

larized in any of the above ways, a deflection

of the galvanometer needle would follow,

from wliich the direction of the current

could be ascertained.

For example, if the platinum plate p' were immersed in hydrogen

gas, it would act electro-positively towards the other ;
that is, the

galvanometer would indicate the current passing from^ through the

liquid io p. The platey being immersed in chlorine gas, the deflec-

tion of the needle would show p' electro-negative top.

If the platinum plate p' should have served as the negative pole in

the decomposition of Avater, it will act exactly as though it had been

plunged into a jar of hydrogen ; that is, if used for closing in the

apparatus of Fig. 28, it would generate a current passing from p'

through the liquid top.
All the phenomena we have just considered, appear to indicate that

the stratum of gas which escapes at tlie electrodes during electrolysis

is really the cause of galvanic polarization. If such be the case, it is

perfectly evident that the stratum of gas will be destroyed by heating

the metal plates to redness. This circumstance alone, however, would

prove nothing, because such a heat must act destructively upon the

polarity, even if it should depend upon other causes than upon a stra-

tum of gas. The second experiment is decisive. The instantaneous

destruction of the positive polarity of a platinum wire, by chlorine,

can hardly take place otherwise than by the chemical action of the

chlorine on the oxygen,, by which every trace of hydrogen disappears
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in tlic formation of hydrochloric acid. On immersion in oxygen, the

hydrogen adhering to the phitinum plate is caused by the action of

the latter to combine with the oxygen, and thus the cause of the polari-

sation is removed. That oxygen does not destroy the positive po-

Itirity so quickly as chlorine, is owing merely to the slow action of

the oxygen.
The fact mentioned under No. 4 is also favorable to the view, that

the cause of the polar condition of the electrodes exists in the

hydrogen and oxygen which adhere to them. The certainty of this

supposition is established by the fact stated in No. 5 ; at least this

appears to prove incontestably that the positive polarity of the nega-
tive electrode is due to hydrogen.
A platinum wire which has not been used as a negative pole, and has

not been subjected in any way to the influence of a current, presented
all the voltaic properties of a positively galvanized wire, merely from
the fact of having been exposed a few seconds to hydrogen.

Schonbein has, in fact, by these experiments, removed the vail

which has hitherto concealed the nature of galvanic polarization.

Only two of the facts stated above, namely, those under 6 and 7,

appear to oppose the explanation he has given.

While a phitinum plate, which has been used as a positive elec-

trode, is negatively polarized, the polarization cannot be produced by
exposure to oxygen ; this seems to show that the negative polarity of

the positive pole is not to be ascribed to oxygen.
The circumstance that gold and silver wire do not become electio-

positive in hydrogen, while the same metals, if they have played the

part of negative electrodes but for a few seconds, become sensibly posi-

tively polarized, excites some doubt as to the correctness of the view
that the positive polarization of the negative electrodes is to be attrib-

uted to hydrogen.
But before j^assing to a closer examination of this subject, we will

first consider the polarization of liquids which Schonbein also discusses

in the above mentioned memoirs.

§40. Polarization of liquids.—If dilute hydrochloric or dilute sul-

phuric acid be placed in a U-shaped tube, and connected a few seconds

by platinum electrodes with the poles of a battery, the current of

which causes a sensible development of gas in the acidified liquid,

and if then the wires thus used be replaced by new ones, or such as

have not served as x)oles, and these wires be connected with the gal-

vanometer, the needle of this instrument will deviate, and in a direc-

tion which shows that the positive current of the liquid column in

which the negative pole was immersed passes in the direction of that

in which the positive electrode was, or, in other words^ the secondary
current is in the opposite direction to the current of the battery.

Thus liquid columns indicate galvanic polarization.

The cause and nature of this polarization are explained by the fol-

lowing experiments

:

1. Water, made conducting by a little sulphuric acid, being agi-

tated with hydrogen and placed in a tube closed below with a bladder,

and the tube put in a vessel which also contains some acidified water,

but free from hydrogen, and both liquids then connected with the
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galvanometer by platinum wires, a current is obtained wliicli passes

from the hydrogen solution to the other liquid. The former acts

relative to the latter as zinc to copper. When gold or silver wires

were used in this experiment, no current was obtained.

2. The experiment having been made under exactly the same cir-

cumstances, excepting that the liquid in the tube contained oxygen
in solution instead of hydrogen, there was no current with connecting

wi-res of i)latinum, gokl, or silver.

3. When the liquid in the tube contained a small quantity of

chlorine or bromine instead of hydrogen, a current was obtained,

which passed from the wide vessel into the tube, whether the experi-

ment was made with platinum, gold, or silver wire.

4. If the current of a battery be passed through water containing

sulphuric acid placed in a U-shaped tube, this liquid will yield a

secondary current only in case the connexion with the galvanometer

be made with a platinum wire. By using gold or silver wire the

needle of the multiplier does not show the least deflection.

5. If the experiment be made as in 4, using, however, dilute hy-
drochloric acid instead of dilute sulphuric acid, a secondary current

will be obtained even when the closing has been made with gold or

silver wire.

The experiments under 1, 3, and 5 indicate that the course of the

polarization is to be found in the gases which are dissolved in the

water.

The cases in which the liquids treated with gases yield no current

from polarization, (Nos. 2 and 4,) exactly correspond with tlie cases

above described, where metallic wires or plates immersed in gases

produced no such current, (Nos. 6 and 7.) In order to prove that the

stratum of gas adhering to the metallic plates or the gases dissolved

in the liquids are the cause of galvanic polarization, it must be ex-

plained why the same effect is not also produced in these cases. The
view of Schonbein on this subject we give in the following paragraph :

§ 41. Schonbein' s theory of galvcmic polarization.—If two like me-
tallic plates be immersed in a liquid, one clean and the other coated

with a stratum of gas ; or if two such plates be placed in the two

branches of a U-shaped tube filled with the same liquid, except that

in the liquid in one of the branches a gas is held in solution, and not

in the other, the dissimilarity between the two parts is a sufficient

cause for the appearance of electrical tension. This tension will

cause an electrical current as soon as a metallic connexion is made
between the two plates. But in order that such a current may tra-

verse the wire of a multiplier, it must pass through the liquid, which

cannot transmit the feeblest current without electrolysis. Tlie ap-

pearance of the polarization current therefore is inseparably connected

with the beginning of the electrolysis of the liquid ; the current can-

not exist in any case when the electrical difference in the two surfaces

in contact is not sufficient to bring about electrolysis.

For example, if the water acidified by sulphuric acid on one side

be terminated by a pure gold or silver plate, and on the other side by

one coated with a stratum of hydrogen, no current appears on con-
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necting the two plates, because the hydrogen of tlie gold pLate is not

in the condition to attract the oxygen of the nearest particle of water,

and thus to produce electrolysis throughout the whole stratum of

liquid; but if platinum be used instead of the gold plate, the peculiar

relation of this metal to hydrogen and oxygen induces electrolysis by
causing the hydrogen nearest the platinum phitc to attract the oxygen
from its neighboring particle of water, and thus the decomposition
and recomposition of water extends to the other plate. Tims it is

sliowu why the experiment No. 1 succeeds with platinum plates^, but
not with gold or silver.

Schonbein considers it not improbable that this action is produced
hy a sub-oxide of hydrogen, the hydrogen of which has a greater de-

oxidizing force than pure hydrogen, as the third atom of oxygen of

the super-oxide shows a greater affinity for oxidable bodies than pure
oxygen.
A platinum plate immersed in chlorine gas, combined voltaically

with a clean one in dilute sulphuric acid, yields a current, because, in

this combination, the atlinity of the chlorine is sufficiently strong to

attract the hydrogen from the nearest molecule of water, and form
hydrochloric acid ; hence the electrolysis of the water is induced all the

way to the other plate. Even if gold and silver plates be used in this

experiment, the chlorine has the power of decomposing water ; hence,

in this case, the current which passes, of course, in the direction in

%vhich the particles of hydrogen go, continues until the chlorine on
one of the plates disappears.

The formation of the current in experiment No. 3 is to be explained,

in a manner entirely analogous to this.

But, by using pure oxygen instead of chlorine or bromine^ in the

above combination, it is not found in such a state of activity, to use
Schonbein' s language, as to cause the decomposition of the nearest

particle of water ; hence the absence of the current in the experiments
No. '1 (in section 39,) and No. 2 (in section 40.)

But if pure oxygen in this case cannot excite a current of polariza-

tion, how is the negative polarization of a platinum plate, which has
served as a positive electrode, to be explained ? Certainly not by the

oxygen evolved at its surface. Ozone, as well as oxygen, escapes at

the pt3sitive electrode, and that this remarkable body can j)olarize

platinum plates negatively has been stated.

According to Schonbein, ozone is a super- oxide of hydrogen ; a
view w^hicli is strongly supported by the fact that the super-oxides ot

metals have a precisely similar voltaic action. The third atom of

oxygen has a greater affinity for oxidable bodies than free oxygen,
and thus the strong electro-negative action of these substances is ex-

plained.

§ 42. Hijper-oxide hatteries.—A platinum plate, covered with a hy-
per-oxide, as, for instance, hyper-oxide of lead, acts electro-negatively

towards a clean platinum plate. On immersing the two plates con-

nected with the terminal wires of a multiplier, in dilute sulphuric

acid, a powerful current arises, passing from the clean plate to the

one covered with the hyper-oxide. The third atom of oxygen in the

26
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hyper-oxide attracts from the nearest molecule of water its hydrogeHj

and thus causes electrolysis throughout the whole liquid.

To cover a platinum plate with hyper-oxide of lead, it is connected

with the positive pole of a battery of several pairs, whose negative pole

is connected with a similar platinum plate. The two plates are now
immersed in a solution of nitrate of lead, when the positive plate

is at once covered with a layer of super-oxide of the metal.

The current which a polarized platinum plate yields with a clean

one, is, of course, transient ; it disappears with the electro-motive coat-

ing of the plate, and this is removed necessarily in consequence of the

formation oi the current.

For example, let us consider a positive platinum plate polarized by

hydrogen ; this being combined with a clean platinum plate, a cur-

rent arises which passes from the coated to the clean plate ;
thus, at

the coated plate, in consequence of the current, oxygen will escape,

and combine with the hydrogen which appears there.

In like manner, the strata of chlorine, hyper-oxide of lead, &c.,

with which the platinum plate has been negatively polarized, gradually

disappear, the chlorine or oxygen of the super-oxide combining with

the hydrogen escaping at this plate.

Since platinum plates polarized by hyper-oxide are more strongly

electro-negative than clean plates, by combining plates of zinc and

platinum covered with hyper-oxide of lead, exceedingly powerful gal-

vanic batteries can be constructed.

The practical application of such batteries is as yet opposed by the

fact that the stratum of super-oxide, the production of which is

somewhat troublesome, very soon disappears.

Wheatstone has given us a measurement of the electro-motive force

of the hyper-oxide battery in the memoir already cited (Pog. Ann,
LXII, 522.) He found for the electro-motive force of

—

1. Zinc amalgam, sulphate of copper, copper 30 470
2. Zinc amalgam, dilute sulphuric acid, copper 20 313

3. Zinc amalgam, chloride of platinum, platinum... 40 626

4. Zinc amalgam, dilute sulphuric acid^ platinum.... 27 423

5. Potassa amalgam, sulphate of copper, copper.... 59 924

6. Potassa amalgam, chloride of platinum, platinum 69 1081

7. Potassa amalgam, sulphate of zinc, zinc 29 451

8. Zinc amalgam, dilute sulphuric acid, hyper-

oxide of lead 68 1065

9. Potassa amalgam, dilute sulphuric acid, hyper-

oxide of lead - 98 1535

10. Zinc amalgam, dilute sulphuric acid, hyper-
oxide of manganese 54 846

11. Potassa amalgam, dilute sulphuric acid, byper-
oxide of manganese 84 1316

The first column of figures contains the values of the electro-motive

forces measured by revolutions of Wheatstone's rheostat ; the last

column gives the values reduced to chemical measure, assuming that

the electro-motive force of the first combination is equal to that of

Daniell's battery.
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We see here how much greater an electro-motive force the combina-

tion of atnalganiated zinc with hyper-oxide of lead indicates, tlian

amalgamated zinc and platinum, even if care is taken, as in No. ?>,

to prevent galvanic polarization from taking place at the negative

metal.

The combination No. 3 is one of zinc and platinum corresponding

to Daniell's battery. Metallic platinum will be separated from the

solution of chloride and deposited upon the platinum plate by the

current, thus hindering galvanic polarization, as in Daniell's battery

by the dejwsition of copper. We can thus consider the numerical

value of No. 3 above, namely, 626, as the measure of the electrical

diiference between amalgamated zinc and platinum.

Comparing the electro-motive force of No. 3 with that of Grove's

battery, we lind a considerable diiference, since the former is only

626, the latter 777, or according to my measurements 829, (section 18.)

I think I can conclude from this difference that the nitric acid in

Grove's, as well as Bunsen's battery, not only prevents polarization

by the removal of oxygen, but that it acts as an electro-motor, also in the

manner of the hyper-oxide. A circumstance which renders this view

still more probable is this—that the electro-motive force of a combina-

tion of hyper-oxide of manganese with zinc, (No. 10,) is not sensibly

greater than that of Grove and Bunsen's battery.

The above table also shows how considerably the electro-motive-

force can be augmented by replacing the electro-positive amalgam of

zinc, by the still more electro-positive amalgam of potassium ; the

expense of the latter amalgam, however, renders its practical ap-

plication in such batteries impossible.

§ 43. Gi'ove's gas hattery.—Grove's battery can be understood from
Fig. 29, which represents a single element.

Fig. 29.

Fig. 30.
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Fig. 31.

A varnished metallic cover is fastened air-tight on the glass jar a.

This cover has three openings ; the glass tubes b and c pass air-tight

through two of them. The third is somewhat larger and can be closed

by a stopper. Each of the tubes is 30 centimetres long and 1.8 centi-

metre in diameter. At the upper end of each tube a platinum wnre

is fused into the glass, having at the top a cup tor mercury, and to

the other end of the wire a platinized platinum plate is soldered,

which extends nearly to the lower end of the tube.

The following is the process for charging such an element : Fill

the vessel a with water, through the opening d; close c? and then

invert the whole apparatus ; in this way the tubes b and c are filled

with water. After restoring the element to an upright position, pass

through the opening d the connecting tube of the gas apparatus.

One of the tubes is filled in this way with hydrogen, and the other

with oxygen to about f the entire length.

Fig. 30 represents a wooden trough intended to hold four such

elements ; it is exhibited on a scale one-fourth of that of Fig. 29, The
elements being in position, the small mercury cups are connected by

cop])er wires ; into the last cup to the left a w^re passes from the

binding screw r, and into the last cup to the right, one from the

binding screw s. The poles u and v are fixed in the two binding

screws.

This form of the gas battery is almost exactly the same as that

which Grrove describes as the most convenient, in the

appendix to a memoir : "Ore the voltaic gas batterij,

its application to endiometry." (Phil. Trans. 1843,

Pt II, page 51 ; Pogg. Ann. im Erganzungband II,

1848.) Tlie arrangement, however, described in the

memoir, admits of the removal of the tubes for the

punpose of examining the gases.

For this purpose the tubes b and c must not be

cemented into the cover of the vessel a, but they must
be inserted through corks so that they can be removed

and replaced at pleasure. Fig, 31, represents the
' h arrangement indicated by Grove in the above cited

I V V^V^'"' 5 « ci is a glass vessel like a Woulfe's bottle
;

"
j;

^
!|

the middle opening is closed by a glass stopper ; the

] glass tubes are adapted to the other openings by
' ground collars,

§ 44. TJieory of the gas battery.—Schonbein has set forth his views

on this subject in two memoirs in Poggendorff's Annalen ;
the first

in volume LVIII, page 361 ; the second in volume LXXIV, page

241.

His view is, 'Hhat the hydrogen, in the above described arrange-

ment, with reference to the generation of tlie current, plays a primary,

and the oxygen only a secondary or depolarizing part,"

The hydrogen alone is certainly able to generate a current of polari-

zation, as Schonbein's experiments (in section 39) prove. A platinum

plate, immersed but a short time in an atmosphere of hydrogen, gives, in

combination with a clean platinum plate, a current, even if the liquid

o
1)
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in which they are immersed contain no free oxygen. Therefore, it is

clear that a Grove's battery must yield a current if one half the tube
is entirely filled with acidified water, while the other half contains
hydrogen, even if all free oxygen has been previously expelled from
the liquid, and the entrance of atmospheric air is prevented.

This current will soon cease, because, in consequence of it, the
hydrogen disappears from the platinum plate not previously in con-
tact with gas, and, therefore, the difi'erence which caused the formation
of the current disappears.

If the current is to continue, then the hydrogen escaping at the
other side, in consequence of the current, must be removed, and this

is, according to Schdnbein's view, the function of the oxygen in the
gas battery.

Schonbein, therefore, holds the opinion, that oxygen does not act in

the gas battery as an electro-motor, but only as a depolarizer. He
sustains this opinion by the observation, the credibility of which is

unjustly disputed by the editor of the '' Jahresbericht von Liebig und
Kopp," that pure oxygen is unable to polarize a plate in the same
manner as hydrogen does.

The numerical values before given for the polarization of platinum
plates in different gases, renders it possible to state the question in

precise terms.

The entire polarization in a voltameter is at a maximum about
1200 ; one-half of this polarization is due to the plate coated with
hydrogen, the other half to the positive platinum plate coated with
oxygen containing ozone. Now the question is : Is the electro-motive
force of an element of the Grrove gas battery equal to 1200 ; or is it,

according to Schdnbein's view, only 600 ?

Although a platinum plate coated with pure oxygen, combined
with another in acidified water, generates no current, yet there is

here always an electrical difference, even though it should not be suf-

ficient to bring about decomposition in the intermediate stratum of
water ; hence it is probable, that the electro-motive force of a Grrove
gas element, charged with hydrogen and pure oxygen, is greater than
(iOO, if it does not attain the value 1200.
At the first glance, nothing appears easier than to decide this

question by measuring directly the electro-motive force of the gas bat-
tery

;
but a closer examination shows that such a measurement is

utterly impossible. The platinum plates of the gas pile are not
entirely coated with gas, but only partially. Therefore, we have here
a similar case to that in which one of a pair of platinum places is

partially covered with zinc. By applying the difierent methods for

determining the electro-motive force of the current, which here" tra-

verses the wire connecting the platinum plates, we shall certainly not
obtain the true value of the electrical difference between zinc and pla-
tinum, (wholly disregarding the polarization which appears at the
clean platinum plate). On account of the partial coating of the pla-
tinum plate with gas, lateral currents are formed, so that the current,
which traverses the closing wire, is only a part'of the effect produced
by the electrical opposition in the battery ; hence, also, in part, the
exceedingly feeble force of the current in the gas pile.
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§45. EO^eds of the gas pile.—Grove obtained the following effects

with a gas battery of 50 elements :

1. A shock which could be felt by five persons joining hands.

2. In a moderately sensitive galvanometer, the current produced a

constant deflection of 60°.

3. Considerable divergence of a gold leaf electroscope.

4. Between charcoal points a spark visible in full day-light.

5. Electrolytic decomposition of iodide of potassium and acidified

water.

To produce a sensible decomposition of water, from cells of the above

described construction, four elements are sufficient. A single cell de-

composes iodide of potassium,

A circuit of ten elements of this kind with dilute sulphuric acid of

the spec. grav. 1.2, and filled alternately with hydrogen and oxygen,

was closed with an interposed voltameter and lett standing 36 hours.

At the end of this time 2.1 cubic inches of detonating gas had been

developed ; in each of the hydrogen tubes 1.5 cubic inches had dis-

appeared ; in each of the oxygen tubes 0.7 cubic inch; thus, to-

gether, 2.2 cubic inches of gas had disappeared. The difference

(2.2 to 2.1) is due to a small absorption of the oxygen by the water.

If a sensible current is to be produced, the platinised platinum

plates must not be wholly immersed beneath the surface of the water,

but they must extend partly out of the liquid into the atmosphere of gas.

A battery, whose tubes were charged alternately with hydrogen

and dilute nitric acid, gave a current, and three pairs were sufficient

to decompose water in an interposed voltameter.

The gas pile yields a very powerful current if chlorine is substituted

for oxygen. A chlorine and hydrogen battery of two elements is

sufficient to decompose water between platinum plates.

Carbonic oxide gas acts in the gas pile like hydrogen.
^

Other gases—for example, nitrogen—are absolutely without effect.

For instance, place a mixture of nitrogen and oxygen in one tube,

and hydrogen in the other ; after closing the circuit all the oxygen is

gradually but completely absorbed, Avhile the nitrogen remains the

same. Grove's proposition to apply the gas pile in eudiometrical

experiments is based upon this.

In a second memoir, which may be found in Poggendorff's Annalen,

(2to Erganzungsbande, seite 407,) Grove describes the following re-

markable experiment.

One of the tubes of the gas pile was charged with oxygen ; in the other

a weighed piece of phosphorus was placed by means of a small glass

Fie .T3 ^"P fastened to a glass rod, as represented in Fig. 32, and then

r-f the tube was partially filled with nitrogen. The apparatus

Y indicated a current by an interposed galvanometer. After

being closed four months, during which time the galvanometer

constantly indicated a current, the water had increased in the

oxygen tube one cubic inch, but not at all in the nitrogen tube
;

the piece of phosphorus, on the other hand, had become 0.4

grain lighter. •

This result is easily explained ; the vapor of phosphorus

was diffused in the atmosphere of nitrogen, and this acted

exactly like hydrogen in the ordinary gas battery.
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Sulphur instead of phosphorus gave no action until it was fused hj
means of a hot metal ring ; the galvanometer was then instantly

deflected.

In another experiment both tubes of the battery were charged with

nitrogen, but one was provided with })hosphorus, the other with

iodine. After closing, a decided current appeared which lasted for

months.
The nitrogen did not change in volume, but the liquid became

gradually colored. Here the vapor of iodine acted like oxygen ;
the

vapor of phosphorus like hydrogen.

§ 46. The pole changer.—It is well knov/n that if two homogeneous
plates, say of platinum, be immersed in dilute acid, the poles being

connected even with only a single voltaic element, the galvanic pohiri-

zation which they undergo if connected after the interruption of the

primary current, is sufficiently strong to cause a current in the oppo-

site direction. For example, let a, in Fig. 33, be a vol-

tameter, b a galvanic element, sending its current through

the latter ; the current being interrupted, connect the

terminal v^^ires of a multiplier c witli the two plates, and
this will indicate a current of polarization which, however,

will soon cease.

In this manner a whole series of plates can be polarized,

and thus we obtain Bitters secondary jnle, for charging

which a primitive battery ot many pairs of plates is always

used. The electro-motive force, which sets in motion the

current of the secondary battery, is evidently less than

that of the primary charging battery.

Poggendorff has invented a contrivance for charging,

with a simple voltaic battery a secondary battery of any number of

plates, and thus obtains a current of far greater electro-motive force

than that of the charging battery itself. (Pog. Ann. LX, 5G8.)

The process is as follows : Suppose we have a series of pairs of pla-

tinum i)lates, in cells, filled with dilute sulphuric acid, as shown in

Fis- 34. Fig. 34. Plates 1 and 2 are in the first

cell, 3 and 4 in the second, &c. Now, if

plates 1, 3. 5, and 7 be connected with the

positive pole of the simple battery, and the

plates 2, 4, 6, and 8 with the negative

pole, the plates denoted by the odd num-
bers will be negatively polarized^ (since

oxygen escapes at their surfaces.) and the

plates denoted by even numbers Avill be

positively polarized, (by hydrogen.)

After this connexion has existed only a

very short time, it must be suddenly broken,

the charged plates connected according to

the principle of the battery^ and the cir-

cuit closed by a voltameter ; this will now
be traversed by a current of much greater tension than the primitive



408 TENTH ANNUAL REPORT OF

one, because in this combination the electro-motive force of all tlie

polarized pairs of plates is added together.

For this purpose, the plates 1 and 8 must he placed in conducting

connexion with the voltameter, while 2 and 3, 4 and 5, 6 and 7, must

be joined by metallic wires.

PoG:gendorfF has invented an apparatus, called the pole-changer, for

effecting these changes and discharges in rapid succession. But his

instrument requires the use of mercury, and I propose for the pm-
pose the apparatus represented in Fig. 35.

On a vertical board to the left of the figure is a series of brass

pillars, which serve for fastening metal wires. The screw which

is used for this purpose is represented only in the one at li
;

all the

other posts are also provided with screws. These pillars all stand on

metallic springs, rubbing against a movable cylinder
;
the first and

last pillars stand a little below the level of the others.

At each end of the cylinder a copper ring is placed. The spring of

the first ])ost (the wire from whicli passes towards P) rubs on the first

copper ring, and the spring of the last post (whose wire goes to Z)

rubs on the further ring.

These wires pass to the platinum and the zinc plates of the charging

element. The wires and H, leading to the platinum plates of the

voltameter, arc screwed to the first and last of the more elevated

pillars.

The wires 1, 2, 3, 4, 5, 6, 1, 8, which are screwed in the other posts,

pass to the platinum plates of the secondary battery.
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On the movable wooden cylinder are placed four semicircular wooden
bars, 90° apart, which are partly covered with bands of copper ; the

springs of the high jjosts rub upon these alternately dtiring the revo-

lution.

On the bar which is represented as uppermost in the cut, and on
which the springs are resting, the copper bands are so arranged that

1 is brought into conducting connexion with 0, 2 with 3, 4 with 5, 6

with 7, and 8 with H ; in like manner the platinum plates from 1 to 8

are combined according to the principle of the battery, and closed by
the voltameter.

The lower wooden bar has exactly the same construction as the

upper one.

The other two bars opposite each other, to the right and left of

the cylinder, are also alike, and so constructed that when they come
into contact with the springs, the plates 2, 4, 6, and 8 are in conduct-

ing connexion with the carbon cylinder, and 1, 3, 5, and 7 with the

zinc cylinder of the charging element.

For ready expression, we shall call tlie rollers which are above and
below in the cut the discharging rollers ; the others the charging
rollers.

The construction of the charging rollers is as follows : Eight cop-

per bands are placed on the wooden roller in such a way tliat they
may come in contact with the eight springs corresponding to the eight

jjlatinum plates. Half of these bands (the 2d, 4th, 6th, and 8th

from the first in one figure) are connected with a copper strip, which
passes to the front ring of the cylinder, and thus to P. In the same
manner the other half of the copper bands (1, 3, 5, and 7) are con-

nected with a similar strip of copper, which, lying on the other side

of the wooden bar, is not visible in the figure, and which passes to

the farther copper ring of the cylinder, thence to Z ; thus the bands

1, 3, 5, and 7 are in connexion with the zinc cylinder, and 2, 4, 6,

and 8 with the carbon cylinder of the charging element, when the

charging roller is uppermost.
The cylinder is turned by the crank ; at each revolution there is a

double charge and discharge of the secondary pile. The most suita-

ble dimensions for the cylinder are 12 centimetres long, (for a pile of

4 pair of plates,) and (without the bars) 2| to 3 centimetres in diam-
eter.

It is well known that with one Grrove's element very little water can
be decomposed ; the voltameter plates become coated with gas bubbles,

but very i'ew ascend. But on using the simple battery through the

medium of the pole-changer for charging the secondary battery, in

whose circuit the voltameter is inserted, a lively decomposition of

water is obtained as soon as the pole-changer is set in motion, which
is a striking proof that the electro-motive force of the secondary cur-

rent is considerably stronger than that of the primary.

With a voltameter whose plates presented a surface on each side of

about 3 square inches, sulphuric acid being added to the water, Pog-
gendorflf obtained from 5 to 6 cubic centimetres of explosive gas per

minute, when in this time the circuit was closed and opened about 80
times.
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The secondary current thus obtained has an electro-motive force

which exceeds that of the primary current in proportion as the pairs

of plates of the secondary battery are more numerous. On the other

hand, the entire chemical effect which the secondary current produces.

in the voltameter is only - (if the secondary battery consists of w pair
n

of plates) of that which the primary current had previously produced
in each separate cell for chargino^ the plates. For, while 6 cubic cen-

timetres of explosive gas were collected in the voltameter in the above-

mentioned experiment, 6 cubic centimetres of this gas had. to unite

to form water in each of the four cells of the charging battery, and
this quantity of gas was first released from the water by the action

of the primary battery. Therefore by the action of this battery in

the 4 cells together, the water of 6 X 4 = 24 cubic centimetres of

gas must be electrolyzed per minute, in order that 6 cubic centimetres

may be released in the voltameter.

Without the pole-changer and by the direct action of the simple

battery in the four cells, (which in this combination represent a large

pair of plates,) not over 0.1 cubic centimetre of gas would be evolved,

because the gas, which appears at the first moment of the passage of

the current, i)roduces at onse a polarization of the plates, in conse-

quence of which only an exceedingly feeble current can circulate
;

but by the pole-changer this polarization is immediately removed, and
thus an undiminislied action of the chargitig cells is rendered possible.

The platinum plates, of which Poggendorfif constructed his sec-

ondary battery, were platinized. If the secondary current is to be
tolerably strong, this is very necessary ; at least the negative plates

of the secondary battery must be platinized, i. e. those at which the

primary current has evolved oxygen, and to which the secondary

current carries hydrogen. The influence of platinizing appears from
the following experiments made by Poggendorff

:

In five minutes a battery of two pairs of platinum plates connected

with a small Grove's element and the pole-changer yielded the follow-

ing quantities of gas :

1. All the plates uncoated 1 c. c. (a little over.)

2. The positive plates platinized 1,5"
3. The negative " " 13 to 14 c, c.

4. All the plates platinized 13 to 14 "

The positive plates are those at which the original current evolves

hydrogen.
This is not due to the platinized plates being more strongly polar-

ized, for in fact they are less so than the naked ones ; but, in Pog-
gendorff' s opinion, the action of the platinum coating consists in favor-

ing the combination of the oxygen, separated at its surface by the

primary current, with the nascent hydrogen evolved in consequence

of the secondar)^ Much might be said in opposition to the modus
operandi as explained by Poggendorff; but this is not exactly the

place for the discussion,

Poggendorff has successfully used plates of Bunsen's carbon in con-

structing secondary batteries. A battery of two pairs of such plates
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1 incli wide and 1.5 deep, immersed in dilute acid, yielded 8 cuLic
centimetres in five minutes.

The current of polarization which such a secondary battery yields

by means of the pole-changer is considerably stronger than that of a
Grove's gas-battery. The intermitting current of a secondary battery
of two pairs of plates gave in one minute with the pole-changer V* =
2.8 c. c. of gas, while the continuous current of a gas-battery of ten
cells yield only 2.1 cubic inches in thirty-six hours ; thus only about
0.016 cubic centimetre of gas per minute.

§ 47. Old observations on the relation of iron to nitric acid.—On
immersing an iron wire in nitric acid of the specific gravity 1.4, it

instantly turns brown, while red vapor escapes with more or lesa

effervescence. This, however, soon ceases ; the iron recovers its me-
tallic lustre, and retains it as long as it remains in the acid without
being further attacked. Once placed in this state of chemical in-
activity, such a wire will remain so even in dilute acid, which of
itself could not have produced this condition.

This remarkable relation of iron to nitric acid was observed as early
as the last century by James Keir, and published in the Phil. Trans,
for 1790 ; but the phenomenon was too much isolated to allow a true
determination of its nature, and thus Keir's observation was forgotten.

After the lapse of thirty-seven years, Wetzlar made similar obser-

vations, which he published in Schweigger's Jahrbuch der Chemie
und Physik ; Bd. 49, S. 470 ; Bd. 50, S. 88 and 129 ; Bd. 56, S. 206.

In England, Herschell took up this subject, (Pogg. Ann., XXXII,
211 ; Ann. de Chemie et de Phys., 1833, vol. LIV, 87,) and Fechner
observed similar phenomena in the action of nitrate of silver on iron.

Schonbein has prosecuted this subject most zealously, and to him be-
longs the merit of having extended, more than any one else, the circle

of the phenomena relating to it.

Since Schonbein has investigated the phenomena of the passivity of
iron (a term which was introduced by himself) the most thoroughly,
it may be advisable to take our facts chiefly from his memoirs. This
distinguished natural philosopher, however, will, I hope, not take
offence if I should venture the remark, that the peculiar diffuseness

which characterizes these papers renders them difficult to understand.

§ 48. Schonbein' s observations on the passivity of iron.—His first

paper on this subject may be found in Poggendorff's Annalen,
XXXYII, 390.

"• It has long been known," Schonbein begins, " that very concen-
trated nitric acid does not attack many metals, which are oxidized with
violence by the same acid containing more water. Of these metals
tin is one, but iron more especially has this characteristic.

" An iron shaving perfectly free from rust was not attacked by
nitric acid of the specific gravity of 1.5. Even after adding to the
acid as much water as will dilute it to the degree at which it would
aittack fresh iron shavings violently, the shaving thus treated will re-

main perfectly passive.
" It is not only the treatment with concentrated nitric acid which,

produces this passivity. Iron filings, heated for only a few seconds
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over a spirit-lamp, are not attacked either by concentrated or dilute

nitric acid."

These experiments may he made much more conveniently with iron

wires. An iron wire placed in nitric acid of the specific gravity of

1.5, becomes passive ; and it assumes the same condition if heated in

a spirit- flame to iridescence. The wire thus rendered passive can

then be dipped in dilute acid without being attacked, while an ordinary

iron wire would occasion a violent liberation of gas. The dilution of

the acid cannot exceed a certain limit, which as yet is not ascertained.

Schonbein has determined that nitric acid of 1.36 specific gravity,

diluted with 15 and more volumes of water, attacked heated iron wire

as it does ordinary wire.

By exposing an iron wire to nitric acid of the spec. grav. 1.35, it

will be attacked with great violence. On removing the wire from
the acid after a second, and holding it a few moments in the air, and
then returning it to the liquid, the action of the acid on the iron will

be perceptibly weaker. After three or four alternate immersions and
removals, a tolerably slow action appears ; and, at the fifth, or, at

the latest, at the sixth immersion, absolute chemical indifference

takes place, exhibited in the perfect metallic lustre of the surface of

the wire thus treated, which generally characterizes the iron ren-

dered passive in nitric acid.

From these facts, there does not appear to be the least relation be-

tween the passivity of iron and its electrical properties ; but that such
Fig. 36. relations do exist may be shown by the following

method of inducing the condition.

First dip in nitric acid, of the spec. grav. 1.35,

a platinum wire P, Fig. 36; touch it with a well-

cleaned iron wire, and the latter wire will not be

attacked by the acid,when immersed, so long as it

remains in contact with the platinum wire, altliough

the same wire alone would be at once attacked by
the acid.

If, instead of the platinum wire, the iridized end
of an iron wire, thus rendered passive, be immersed
in the liquid, it will play the part of the platinum
wire^ in the above experiment, perfectly. Fig. 37

represents a variation of this experiment. The iri-

dized and hence passive end of an iron wire is im-

mersed in nitric acid of the spec. grav. 1.35, and is not attacked. Now
bend it so that the end E, which was not heated, dips

into the acid. No action takes place ; but if the end

E be placed in the acid without P, violent action will

occur.

It should be added that these phenomena no longer

appear wdien the temperature of the acid is raised to

8U°, and that they are the weaker, the nearer the

acid is to this degree of temperature.

If the wire E, Fig. 36, be thrust into the liquid

while it is in contact with P, the latter may be al-

together removed without E losing its passivity ; in-

deed, with the wire E thus rendered passive, the same

Fig. 37
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state can be corainnnicated to an ordinary iron wire in the same man-
ner as it is given by P to E.

The ex[)eriment, of which the plan is sketched in Fip;. 38, is

of special ira})()rtance in reference to the theory of passivity. At
one of the ends of a galvanometer an iridized iron wire is fastened,

Pj„ 3^ and at the other an ordinary iron wire. Now, first dipping

/^--;x the passive and then the other wire into nitric acid of 1.35

\X) spec, grav., the galvanometer indicates a transient current,
' ^ nassing in the direction from the unchanged iron, through

tiie liquid, to tlie iridized iron.

These experiments afford us a deep insight into the nature

of the passivity of iron. In the first place, it is evident

that by heating the wire the coating of oxide thus formed
protects it from the action of the acid, and thus the idea is very

obvious, that passive iron, even in cases where such a coating is

not visible, as, for instance, an immersion in concentrated nitric

acid, owes this property to a thin film of oxide. But then the

circumstance, that the platinum wire, in Fig. 36, can be exchanged
for the heated iron wire, shows that the oxide of iron formed by heating

to redness performs the functions of platinum, that by such a coating

the iron, in a certain measure, suffers negative galvanic polarization.

All passive iron wires are changed into active in hot acid
;
yet, in

the facility with which they change their state, there appears a con-

siderable difference between those which are made passive by a red

beat and such as are rendered passive by contact with a wire already

passive, on being immersed in the liquid. We will term the former
primary passive, the latter secondary passive. The first owes the

longer continuance of its passivity to a thicker coating of oxide.

Everything which destroys the protecting coat, renders the wire

active again.

§ 49. Action of iron electrodes.—In the experiment represented by
Fig. 36, E evidently forms the positive pole of a simple circuit ; there-

fore it might be supposed that iron would be made passive by dipping it,

as the positive pole of a voltaic pile, in an acid, which would attack it.

Schonbein has actually made this experiment, (Pog. Ann. XXXVII,
391.) To the positive pole of a circuit consisting of 15 inconstant

einc and copper elements, an iron wire was fastened, while the nega-
tive pole terminated in a platinum wire. The negative platinum wire

was first dipped in a vessel of nitric acid of 1.36 sp. gr., and the

circuit was then closed by the immersion of the positive pole, formed
of the iron wire, in the same acid,

as shown in Fig. 39. The iron

wire appeared perfectly passive,

and after separation from the bat-

tery, possessed the same proper-

ties as a wire made passive by
being heated red-hot.

If the passive iron wire, con-

tinuing as the -|- pole of the cir-

cuit, remain in the acid, a remarkable phenomenon is exhibited. The

Fig. 39.
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oxygen liberated at this pole, in consequence of the electroh^sis, does

not combine with the iron, but ascends free from it, exactly as though

the + pole of the circuit were formed of a platinum wire. Therefore

the stratum of oxide which is formed under the above-mentioned cir-

cumstances, immediately on the immersion of the iron wire in the

liquid, protects it completely from further oxidation.

Nitric acid of 1.35 sp. gr. is not essential to the success of this ex-

periment ; it may be diluted with 100 volumes of water, and yet the

iron positive pole immersed in the liquid will become passive, and the

oxygen liberated at it will ascend as free gas.

Precisely similar phenomena take place if dilute sulphuric or phos-

phoric acid be used instead of dilute nitric acid. To obtain free oxy-

gen at the positive iron wire, the negative pole must be first dipped

in the liquid, and then the iron wire connected with the positive pole

is placed in it.

If the positive wire be dipped in the acid before the negative, it

will be attacked ; the iron wire will not become passive, if, separated

from the positive pole of the battery^ it be dipped in the dihiteacid,

no matter whether the negative pole be already in it or not. In short,

if iron is to be made passive, the chemical action of the dilute acid

raiust not precede the action of the current.

If, instead of the dilute acid in this experiment, the liquid solution

of an oxygen compound be used, which exerts no sensible chemical

action on iron, as solutions of alkalis and perfectly neutral salts, the

iron will become passive, as though the battery were closed. In using

potash lye, or a solution of nitrate of soda, the iron connected with

the positive pole will become passive, no ;iiatter whether the negative

or positive pole be first placed in the liquid. (Pogg. Ann. XXXVIII,
492.)
Upon this is based the construction of voltameters, which are formed

of iron plates immersed in a solution of potash.

Fig. 40 represents a voltameter
^'s- '^0. constructed of iron platesbyBunsen.

In a cylindrical glass receiver 6 to

8 centimetres in diameter, and 30
to 35 centimetres in height, there

aretwoconcentric cylinders of sheet-

iron, which are kept apart by a sub-

stance at once insulating and not

liable to be attacked by a solution

of potash, such as strands of spun
glass. The vessel filled with this

solution is closed by a suitable cork

through wliich, besides the gas tube,

two copper wires pass, each of which
is soldered to an iron plate, and put

in connexion with the poles of the

battery.

Such a battery having been onoe

well constructed, it can be left

standing, filled with the potash solution, always ready for use.
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To prevent a strong disturbance of tlie solution during the develop-

ment of gas, a film of turpentine oil, about one line thick, is poured
upon tlie surface.

A voltameter, with moderately large electrodes, can be made by
means of iron plates, in the same manner, at little cost. Such a
Toltameter is capable of yielding a large quantity of gas in a short

time
;
yet the development is not near so great as might be expected

from the magnitude of the plates, probabl}^ because the potasli solu-

tion is a worse conductor than the dilute sulphuric acid of the ordinary
platinum voltameter.

Such an iron plate voltameter, according to my observations, is ijot

well adapted to exact experiments. I have noticed that the maximum
development of gas takes place some time after the closing of the bat-

tery, and that the appearance of the gas bubbles does not cease witb
the interruption of the current, but lasts considerably longer. This
is due to the absorption of the gas by the liquid.

While with the use of alkaline solution in water and jierfectly neu-
tral salts, iron is passive, however the circuit may be closed, on the

other hand iron never becomes passive, however the closing may be
effected, if the iron electrodes be immersed in a solution of an elec-

trolytic compound not containing oxygen, whose negative component
lias a great affinity for iron, such as the hydracids, halogen salts, sul-

phurets, &c. In such solutions iron is always attacked, and free

oxygen is never liberated at its surface.

In the experiments described in section 48, the primary passive and
secondary passive ends of the wire were dipped in the same vessel

filled with acid. Schonbein has extended the phenomena by using
two vessels filled with acid, connected in different ways.

The vessels A and B, Fig. 41, are filled

with nitric acid from 1.3 to 1.36 sp. gr.

Dip the end of the wirep, rendered passive

by red heat, in A, and the unheated end a
in B

; then a will be attacked. If a second
fork of iron wire, both ends of which have
not been heated, be now immersed, d being
first put in B, and then p' in A, p will be-

come passive, p and p' will remain free

from attack, while at a and d a lively development of gas will occur.
This is not essentially difterent from the form of the experiment

represented in Fig. 37.

Fig. 42. Let the vessels A and B, Fig. 42, filled

with acid of the sp. grav. 1.3 to 1.37, be
connected by an asbestos cord saturated with
the same acid. Immerse in A the passive
end of an iron wire, and then the other end
a in B ; a will not become passive, but will

be briskly attacked.

Here, evidently, the current is on account of
the great resistance, too weak to render a passive. The correctness
of this^ view is proved by the fact, that if the negative pole of a battery,
formed of platinum or passive iron wire, be dipped in A, and then,
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after tins, an iron wire be connected with tlie negative pole, the iron

wire will become passive.

The cord of asbestos, in the experiment. Fig. 42, being replaced by
a si]i1ion filled with acid, the consequence will be the same ; that is,

the wire immersed last will not become passive.

The same result is obtained by connecting the vessels by a platinum
wire instead of a siphon. Here the galvanic polarization of the plati-

num is the cause of the decrease of the current.

If the platinum wire be replaced by one of a metal which is at-

tacked by the acid, the cause of the weakening of the current by the
j)latinum disappears, and in this case the end a of the iron wire last

dipped in B becomes passive.

§ 50. Passive iron in a solution of sulphate of copper..—An iron wire
connected with the positive pole of a pile, and introduced into a solution

of sulphate of copper which is already connected with the negative pole,

Fig. 43, acts indifferently towards this liquid ; that is, no copper pre-

ci])itates on this wire, and there is no oxygen developed at its surface.

This passivity of iron does not appear when the circuit is closed in

any other Avay than that mentioned.
An iron wire, which has been rendered passive by a single immer-

sion in very concentrated nitric acid, or by repeated immersions in

ordinary acid, also shows this passivity towards a solution of sulphate
of copper ; that is, it no longer possesses the power of attracting

oxygen from the liquid, and thus of precipitating its copper.
Fig. 43. By repeating the experiment represented in Fig. 43,

after having exchanged the nitric acid for a solution

of sulphate of copper, it appears that the passivity

cannot be transferred from the passive end of the wire
P to the other end E, as was the case with the nitric

acid ; that is, if the end P, made passive by immer-
sion in concentrated acid, be dipped in a solution of

sulphate of copi)er, and the end of the wire E l)e then
placed also in the liquid, copper will be preciT)itated

at E.
Since an iron wire, connected with the positive pole

of a })ile, acts in an entirely different manner, Schon-
bein justly imagined that the experiment represented

by Fig. 43, made with a solution of sulphate of cop-

per, yielded a negative result only, because the cur-

rent, which should have rendered the end of the

wire last immersed passive, was too weak in this

simple battery.

For this reason, the transfer of the passivity from
one iron wire to the other, which we have previously

mentioned, and which is represented in Fig. 44, is

generally not possible Avlien a solution of sulphate
of copper is used instead of nitric acid.

If the current can be strengthened by making the

wire P more negative than a platinum or passive

iron wire, the transfer must also be possible in a so-

lution of sulphate of copper. Starting from this
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consideration, Sclionbein decided upon the following form for the ex-

periment. One of the ends ot a long iron wire was coated with hyper-

oxide of lead, and the end P thus prepared was immersed in a solution

of sulphate of copper ; the wire was then bent, and the unprepared

end E was also immersed in the liquid. E indicated passivity ; no

copper was precipitated.

While E was becoming passive, the hyper-oxide of lead gradually

disappeared at P, and P became active as soon as the hyper-oxide

which covered this end had totally disappeared.

In the transfer of passivity from one iron wire to

another in nitric acid, represented in Fig. 45, the

protecting film of oxide on E is evidently produced

by the necessary quantity of oxygen being immedi-
ately brought by the current to the end E of the

wire. But the current, which liberates oxygen at

E, must develop hydrogen at P, which attracts the

oxygen from the protecting oxide film of P ; thus

one would think that the same current which occa-

sions the formation of the protecting film around E,
must also occasion its removal from P ; or^ in other

words, that rendering E passive would make P
active, provided that P itself is only a secondary

passive wire, and consequently not protected by a

very thick film.

But the experiment shows, that with a secondary passive wire, in

nitric acid of 1.36 specific gravity, another can be made passive with-

out the first becoming active, which is probably owing to the fact that

the hydrogen set free is, at least in part, oxidized by the nitric acid,

and thus the film of oxide cannot be wholly reduced. But if the cur-

rent should continue longer, as is the case when instead of E a zinc

or copper strip be let down into the acid at P, neither of which be-

comes passive, the protecting film will be immediately dissolved from

P, and P itself will become active.

P can be rendered active again, even with an iron wire, if dilute

acid be used.

§51. Pulsations of 2^cissivity.—With reference to the energy with
which the nitric acid attacks an iron wire, there are two principal de-

grees to be distinguished, which we shall call the sloiv and the rapid

action. The slow action is characterized by ceasing, instantly, as

soon as the iron wire is touched by a platinum wire immersed in the

acid ; the iron thus exposed to the slow action of the acid became pas-

sive in this way. On an iron wire which is exposed to the rapid ac-

tion of the acid, and on which a lively development of gas takes place,

this treatment with a platinum wire has no influence ; it does not be-

come passive by such means.
If an iron wire, ^rendered passive by repeated immersions in nitric

acid of the spec. grav. 1.35, be touched, while yet in the liquid, with

a- copper or brass wire, which is at the same time dipped into the acid,

the iron wire, as already shown, becomes active, and is subjected to

slow action. This activity^ however, is not constant, but intermittent

;

27
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or, in other words, under such circumstances it becomes alternately
active and passive, and this haj^pens at first at intervals of about one
second, but during the course of the action the intervals become
shorter until finally rapid action commences.

Let each of the conducting wires of a powerful sim-
ple battery C, Fig. 46, pass into a small cup filled

with mercury, and connect the cup a in which the neg-
ative wire dips by a platinum strip p, with the liquid

(11 parts by vol. of water to 1 part of sulphuric acid)

of the decomposing cell g ; then dip one end of an
ordinary iron wire e in the positive mercury cup &, and
the other end in the acidified water in the decomposing
cell ; the iron will become passive, and no hydrogen
will be developed at the platinum electrode 73, since, on
account of the polarization at^, the electro-motive force

of will not suffice to send a sensible current through

But if the battery be closed in another way, for instance, so that

the iron wire e may first dip in g and then in h, it will not become
passive

; g itself becomes an exciting cell^ whose current combines with
that of the constant elements, and thus a lively development of hy-
drogen will appear atp, during which the iron wire is dissolved.

If the battery be so closed that e is passive, and that consequently
no hydrogen rises at p, various expedients may be adopted to make
e again active, so that the gas may begin to appear at p. One of the

means of producing this development consists in interrupting the

circuit at any point, and after a short time closing it again ; for ex-

ample, by drawing out the wire d from a, e at once becomes active,

and if d be now immersed again, a lively development takes place at

the platinum stripy.

To obtain the passivity of e, the constant element must tend to

drive the current though g with a certain energy, on which account
it will cease when the circuit is interrupted. The energy with which
the constant element tends to drive the current through g, can be
weakened by introducing a good lateral circuit.

If the mercury cups a and h be connected by a short thick copper
wire, nearly the whole current which the constant element is able to

generate, will pass through it ; e loses its passivity, and part of the

current generated by C passes through g, and exhibits itself by a devel-

oj^ment of gas.

On the contrary, if while e is yet passive, a and 6 be connected by
a wire, which exerts considerable resistance, the current which it can
conduct is too feeble to overcome the passivity of the iron wire e ; by
such a wire no development of gas at ;> can be produced.

Between these two limits of conductive capacity of the wires con-

necting the mercury cups a and b—namely, the very good conducting

wire, through which the passivity of e is totally destroyed, and a con-

tinuous development of gas atp is produced, and the very bad con-

ducting wire which cannot destroy the passivity of e—there is a certain

intermediate length of wire, by means of which the passivity of e is
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calternately destroyed and reproduced, so that at/:) a pulsating develop-
ment of gas takes place.

The length and thickness of the wires which produce the effect

descrihed, depend upon circumstances. SchOnhein in his experiments
obtained with a copper wire 3 inches long, and ^ an inch thick, a
constant liberation of gas at p. A wire 40 feet long of the same
thickness did not destroy the passivity of e. A wire of the same
thickness and 16 to 20 feet long produced the pulsations mentioned
above. After closing, a short time elapsed before the gas began to

appear at j9 ; it was more lively than that which was produced by
shorter wires, but ceased again after a few seconds, and soon began
again. This alternate action and inaction continued, until at last a
constant state of inaction occurred. (Fog. Ann. LVII, 63.)

§52. Theory of passivity.—Upon a review of the foregoing facts,

the theory of passivity can hardly be doubtful ; it will appear readily
from the general phenomena, though there are many single facts which
need closer investigation.

It may be considered certain, that the phenomena of the passivity

of iron are induced by a film of oxide or sub-oxide which on the one
hand protects the iron from the attack of the acid, and on the other
acts as an electro-motor, like the film of hyper-oxide of lead, which
covers a platinum plate.

The constitution of this film, and the conditions under which it is

formed and dissolved, are indeed questions which cannot in all cases be
satisfactorily answered, yet that is not a sufficient reason for rejecting

the basis of explanation alluded to above.

The formation of the oxide film in heating iron red-hot is clear.

To form a similar film by immersion in a liquid, it is necessary that
the requisite quantity of oxygen should be conveyed to the iron before
any other chemical action of the liquid on the iron can take place.

Concentrated nitric acid is so rich in oxygen, that mere immersion
of iron in it suffices to form the film. How ithappens^, however, that
an iron wire becomes passive by repeated immersion in acid of the
sp. gr. 1.35 is not yet clearly explained.

In liquids which contain less oxygen a galvanic current must sus-

tain the communication of oxygen to the iron, in order to form the
film, and thus, the electro-motive force generating the current must
be the stronger the less easily oxygen can be liberated from the liquid.

In nitric acid of sp. gr. 1.35, the combination of the iron wire with
platinum suffices

; but with dilute sulphuric acid a voltaic pile must
be used.

That an iron wire which has been rendered passive 'bj mere im-
mersion in concentrated nitric acid, or by combination with platinum
in dilute nitric acid, should exhibit its perfect metallic lustre, is no
just reason for doubting the presence of a thin film of oxide in this

case, for such films must, at increasing thicknesses, pass through the
difterent shades of Newton's ring's ; then, so Ions; as the film has
only a thickness corresponding to the colors of the first order, it can
impart to the metallic lustre of tlue wire, at most, only a feeble

shading into blue or yellow.
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In respect to the electro-motive power, tlie film rendering iron

passive stands very near platinum.

We shall now consider briejfiy the explanations ' given by different

physicists of the phenomena of passivity.

Faraday (Phil. Mag., 1836, p. 53) supposes iron to become coated

with an insoluble film of oxide in concentrated nitric acid. This

view was attacked on many sides, but all the facts being properly

weighed in their relations, it is not possible to avoid considering this

as the basis of the correct theory of passivity.

3I0USS011 and De la Rive supposed that the iron was protected by a

film of nitrous acid, (Pog. Ann., XXXIX, 330,) an hypothesis which
Schonbein has conclusively proved to be untenable, (Pog. Ann.
XXXIX, 342.) In fact, a nitrous acid film cannot be maintained as

a ground of explanation of the passivity of iron, because, as we have

seen, these phenomena are not limited to nitric acid.

Martens presents the view (Pog. Ann. XXXVII, 393 ; LIX, 121)

that the passivity which iron assumes by heat is independent of its ox-

idation, the incorrectness of which Schonbein (P. A. LIX, 149,) as

well as Beetz (P. A. LXII, 234), have amply shown experimentally.

Schonhein himself, who gathered most of the material for establish-

ing a theory of passivity, and has interwoven his memoirs on this

subject with various theoretical considerations, is unable to express

himself decidedly in favor of any one of the explanations given above.

He believes the explanation of the phenomena to be still an open
question.

The views developed at the beginning of this section harmonize on

essential points with those which Beetz (P. A. LXVII, 186) and
Kollman (P. A. LXXIII, 406) have given. The latter has presented

a new proof of the existence of an oxide film on passive iron. He has

shown that rendering an iron wire passive is always attended with a

diminution of its conductive capacity, which evidently can be ascribed

only to a badly conducting envelope. [?]

I have finally to mention a new series of experiments which Wetzlar

instituted twenty years after he had first made known to the chemical

public the remarkable indifference which such an oxidable metal as

iron exhibited in a liquid, giving up its oxygen so readily.

Wetzlar has investigated the electro-motive relation of iron treated

in various ways, not with a galvanometer, but with a condensing

Bohnenherger electo'oscojje.

In his experiments he used plates of wrought iron and steel having

a thickness of a few lines, and 2| or 2f inches in diameter, and fitted

to each other perfectly by well planed surfaces. The side opposite

the surface of contact had in its middle a hole for receiving an insu-

lating handle. He obtained the following results :

1. If one of two clean and bright iron or steel plates^ of homoge-

neous character, as previously ascertained by a condenser, be rtibbed

with rust or polishing paper, it acts positively towards the unrubbed

plate.

In this case from eight to ten contacts with the collector suffice to

impart a complete charge.

2. If the contact surface of a clean steel plate be moistened with
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distilled water, and the surface rubbed one or two minutes with clean

blotting paper, the plate, after drying, will act negatively towards a

second with which it was at first homogeneous.
3. If an iron plate bo heated over a spirit-lamp to an imperceptible or

invisible iridescence, it will act, after cooling, very strongly negative

towards a plate not thus treated, so that three contacts will suffice for

completely charging the condenser. Such a plate acts negatively

towards copper, silver and gold.

§ 53. Passivity of other metals.—Other metals, especially bis-

muth, copper, and tin, manifest similar phenomena of passivity,

though in a less marked degree than iron. Andrews (Pog. Ann.
XLV, 121) made the observation that a small piece of bismuth which,

was immersed in a large quantity of nitric acid of the sp. gr. 1.4, and
then brought into contact with a platinum plate in the liquid, almost
wholly ceased to dissolve, and at the same time took on a peculiar

lustre, while the same metal alone would be attacked violently by the

acid.

When a small rod of bismuth was made the positive pole of a small
battery of two pairs of Grove's elements, and immersed in nitric acid

of the sp. gr. 1.4, its solubility was at once diminished, and upon
breaking its connexion with the battery, it showed itself to be in the

passive state.

The solubility of bismuth is not totally destroyed in its passive

state, as is the case with passive iron ; it is only altered in degree.

When it forms the positive pole of a battery, bismuth does not develop

free oxygen, (Schonbein in Pog. Ann. XLIII,) as is the case with,

passive iron ; but it is dissolved, though slowly, if a weak battery is

used ; more rapidly with a strong one.

Therefore, the protecting envelope of oxide acts similarly on bis-

muth as on iron, though its protecting power is less on the former.

Andrews observed the same kind of phenomena in tin and copper.

Beetz remarks (Pog. Ann. LXVII, 210,) that the reason why iron

is particularly disposed to passivity is probably to be found in the

great electrical difference between iron and its oxide. According to

this view, a metal should exhibit the phenomena of passivity more de-

cidedly as the electro-motive force between it and its oxide is greater.

NOTES.

(See page 323.) It might at first sight be supposed that the deflect-

ing forces in the two positions Fig. 4 and Fig. 5, ought to be equal

;

but that the deflecting force in the latter position should be double of that

in the former, is explained by the fact that in the position Fig. 4, the de-

flecting force is determined by the difference of direction of the attract-

ing and repelling poles of the deflecting magnet from each pole of the

deflected magnet, without difference of distance ; while in the position

Fig. 5, it is determined by the difference of distance of the same at-

tracting and repelling poles from each pole of the deflected magnet,
and the attraction and repulsion are inversely not as the first power,
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but as the second power of the distan«5e. If they were inversely as

the first power of the distance, the deflecting force in the position Fig.

5 would be the same as in the position Fig. 4.

(See page 323.) A magnet whose moment of rotation is a unit may
be represented by amagnet having two poles at theunitofdistance apart,

each of which would attract or repel an equal pole, at the distance of

a unit, with a force of a unit. Weber ' s unit of measure for the galvanic

current may then be represented as that current, which, circulating

in the circumference of a circle around a magnetic pole at the centre

n of a unit of force, would have the differential of its action upon that

pole expressed by the length a b of an infinitely short element of the

current when the distance n a is a, unit ; or, freely expressed, the cur-

rent of which a unit of length, at the distance of a unit, would act

upon a unit pole with the force of a unit. Starting from this point

of view, the equations of the text will be easily understood.

Let a current of a unit quantity circulate around a circle in_ the

plane of the magnetic meridian whose radius =: r.
_
In this circle

draw any two parallel chords, c f and d e, at an infinitely small dis-

tance apart, and in the direction of the terrestrial magnetic force.

Draw also d g perpendicular to c/, and intersecting it in g. Let the

terrestrial magnetic force be a unit. Then the force with which the

element c d of the current is urged in the direction perpendicular to

the plane of the circle is expressed by the perpendicular distance d g
of the chords ; that is, the same as the force with which it would be

acted upon by a unit magnetic pole placed at the distance of a unit in

the direction of the chords. The element e/is urged with an equal

force in the opposite direction. The moment of rotation impressed by

these two forces will, therefore, he d g X d e=: area c d ef. Conse-

quently, the moment of rotation of the whole circular current is ex-

pressed by the area of the circle. And if the current be of the quan-

tity g, the moment of rotation will be

G =: area x gz=z7z r^ g.

Now, in the tangent compass the deflecting force of the circle, or

ring, may be represented by the force with which the circle would act

upon a single unit pole at its centre n. The element of this force for

an infinitely short part, a h, of the circumference, when the current

is of the quantity^, is ^g^ and the whole force is, therefore, —^ y

and T tan. to is the value of this force as given by the tangent com-

10.
pass, or 27Tg _ ,p ^^^_

r

(Seepage 362.) It will readily be seen that a + ^ is always greater

than 2, except when a =: 1, by substituting for a, successively, the

values 2, 3, 4, &c., or ^, \, ^, &c.
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The proposition may also be easily demonstrated. To express it in

T
general terms, let a =: — , r and s being any positive whole numbers.

s

Then: a+irz: - +-•
a s s

'

Suppose s > r and =z r -\- t, then

—

1 + 1 = _!:_ 4- ^ + ^ = ._JL_
-I-
1 + L

s r r -\- t r r -{- t r

— 1 4-
y^ + r^ + ^2

= 1 4-
(r + 0^ — rt

r {r -\- t) •

=: 1 _|.^+^_ '^

= 1 + 1 + --
r + i

But since r -f- (5 is greater than r, the expression in the last brackets

must be positive, and therefore — + — greater than 2. But — + —
s r s r

is only a general form for the expression a -j- — > consequently a -\-—

is always greater than 2.

«•
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Webb, Dr. Thos., Collections made by - 47

Wells, Fargo & Co., Aid rendered by, to the Institution 45

Williamson, Lieut. , Exploration of - 43

Wind, Observations on Direction of 232

Force of - 23?i

Wind- vane, Description and Directions for use of 231

Wright, Charles, Collections made bj' 47

Wiirdcmann, Gustavus, Collections made by.. 44

Wyman. Prof. J., Special Research by 32

Wynn Estate - 70,77,79

Zanardini, M. , Exchange of Alg.'c proposed by 57

Zoology of Illinois, Collection to Illustrate 33
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On page 200, I'rof. Guyot's measurement of Motmt Mitcuei-l should he G,573 feet, and

of CuKOMAK'e Peak 6,702 feet.
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Smithsonian Institution,

Washington, February IT, 1857.

Sir : In "behalf of the Board of Eegents, I have the honor to submit

to the House of Representatives of the United States the Annual
Report of the operations, expenditures,, and condition of the Smith-

sonian Institution for the year 1856.

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

JOSEPH HENRY,
Secretary Smithsonian Institution.

Hon. Jas. M. Mason,

President Senate United States.
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To the Senate and House of Representatives

:

In obedience to the act of Congress of August 10, 1846, establishing

the Smithsonian Institution, the undersigned, in behalf of the Regents,

submit to Congress, as a Report of the operations, expenditureSj 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 1856.

2. Report of the Executive Committee, giving a general statement

of the proceeds and disposition of the Smithsonian fund, and also an

account of the expenditures for the year 1856.

3. Report of the Building Committee for 1856.

4. Proceedings of the Board of Regents up to January 28, 1857.

5. Appendix.

Respectfully submitted

:

R. B. TANEY, Chancellor.

JOSEPH HENRY, Secretary.
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PROGRAMME OF ORGANIZATION

SMITHSONIAN INSTITUTION.
[PRESENTED IN THE FIRST ANNUAL REPORT OF THE SECRETARY, AND

ADOPTED BY THE BOARD OF REGENTS, DECEMBER 13, 1847.]

INTRODUCTION.

General considerations which should serve as a guide in adopting a
Plan of Organization.

1. Will of Smithson. The property is bequeathed to the United
States of America, " to foun& at Washington, under the name of the
Smitesonian 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 addi-
tion of new truths ; and the second, to disseminate knowledge, thus
increased, 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.

10. In order to compensate, in some measure, for the loss of time
occasioned by the delay of eight years in establishing the institution

^
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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. There 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.

13. It should be recollected that mankind in general are to be bene-

fited by the bequest, and that, therefore, all unnecessary expenditure

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 Organization of the Institution in accordance ivitJi theforego-

ing deductions from the Will of Smithson.

To Increase Knowledge. It is proposed

—

1. To stimulate men of talent to make original researches, by ofie]>-

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 TLAN TO INCKEASE KNOWLEDGE.

I. By stimulating researches.

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

branches of knowledge.

2. The memoirs thus obtained to be published in a series of volumes,

in a quarto form, and entitled Smithsonian Contributions to Know-
ledge.

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

publication, which does not furnish a positive addition to human
knowledge, resting on original research ; and all unverified specula-

tions to be rejected.

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

examination to a commission of persons of reputation for learning in
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the brancli to wliicli 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,

and the name of the author, as far as practicable, concealed, unless a
favorable decision be made.

6. The volumes of the memoirs to be exchanged for the Transactions
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 Eegents
to Congress.

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

of research, imder 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 approj)riations to be published,
with the memoirs before mentioned, in the volumes of the Smithso-
nian Contributions to Knowledge.

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 celebrated
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.

DETAILS OF THE PLAN FOE DIFFUSING KNOWLEDGE.

I. By the publication of a series of repo7is, giving an account of the

new discoveries in science, and of the changes madefrom year to year
in all branches of knoioledge 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
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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.

3. Each collaborator to be furnished with the journals and publica-

tions, domestic and foreign, necessary to the compilation of his report;

to be 23aid 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

institutions, and sold to individuals for a moderate price.

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

the reports :*

I. 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.

II. MOKAL 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. LITERATUEE 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 ofgeneral interest.

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

direction of the Institution, or procured by offering premiums for the

best exposition of a given subject.

2. The treatises should, in all cases, be submitted to a commission
of competent judges, previous to their publication.

* This part of the plan has been but partially carried out.
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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 II.

Plan of organization, in accordance ivith the terms of the resolutions of
the Board of Regents providing for the two modes of increasing and
diffusing knowledge.

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 required,

consisting, 1st, of a complete collection of the transactions and pro-

ceedings 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 ol

experimental science.

7. With reference to the collection of books, other than tliose men-
tioned above, catalogues of all the different libraries in the United
States should be procured, in order that the valuable books first pur-

chased 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.

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.

^' 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, lSi6, (devoted to the erection of the
building-,) 242,129 00

Annual income from the bequest 30,910 14
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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 Eegents. He shall take charge of the lauilding and property,

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

employ assistants.

15. The Secretary and his assistants, during the session of Congress,

will be required to illustrate new discoveries in science, and to exhibit

new objects of art ; distinguished individuals should also be invited to

give lectures on subjects of general interest.

This programme, which was at first adopted provisionally, 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:

Besolved, That the iTth resolution passed by the Board of Eegents,

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

come between the active operations and the museum and library,

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

Besolved, That hereafter the annual appropriations shall be appor-

tioned specifically among the difterent objects and operations of the

Institution, in such manner as may, in the judgment of the Eegents,

be necessary and proper for each, according to its intrinsic import-

ance, and a compliance in good faith with the law.

EEPOET OF THE SENATE JUDICIAEY COMMITTEE.*

The following is the report presented in the Senate on the Gtli Feb-

ruary, 1855, by Judge Butler, from the Committee on the Judiciary,

to whom was referred the inquiry whether any, and if any, what, ac-

tion of the Senate is necessary and proper in regard to the Smithso-

nian Institution

:

''It seems to be the object of the resolution to require the committee

to say whether, in its opinion, the Eegents of the Smithsonian Insti-

tution have given a fair and jiroper construction, within the range

of discretion allowed to them, to the acts of Congress putting into

operation the trust which Mr. Smithson had devolved on the federal

government. As the trust has not been committed to a legal corpo-

ration subject to judicial jurisdiction and control, it must be regarded

as the creature of congressional legislation. It is a naked and hon-

* Messrs. Butler, Toucey, Bayard, Geyer, Pettit, and Toombs.
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orable trust, without any profitable interest in the government that

has undertaken to carry out the objects of tlie benevolent testator.

The obligations of good iaith require that the bequest should be main-
tained in th& spirit in which it was made. Tlie acts of Congress on
this subject were intended to effect this end, and the question pre-

sented is this : Have the Regents done their duty according to the
requirements of the acts of Congress on the subject?

"In order to determine whether any, and if any, what, action of

the Senate is necessary and proper in regard to the Smithsonian In-

stitution, it is necessary to examine what provisions Congress have
already made on the subject, and whether they have been faithfully

carried into execution.
" The money with which this Institution has been founded was be-

queathed to the United States by James Smithson, of London, to

found at Wasliington, under the name of the ' Smithsonian Institu-

tion,' an establishment ' for the increase and diffusion of knowledge
among men.' It is not bequeathed to the United States to be used
for their own benefit and advantage only, but in trust to apply to
' the increase and diffusion of knowledge' among mankind generally,

so that other men and other nations might share in its advantage as

well as ourselves.
" Congress accepted the trust, and by the act of August 10, 1846,

established an institution to carry into effect the intention of the tes-

tator. The language of the will left a very wide discretion in the

manner of executing the trust, and different opinions might very nat-

urally be entertained on the subject. And it is very evident by the

law above referred to that Congress did not deem it advisable to pre-

scribe any definite and fixed plan, and deemed it more proper to con-

fide that duty to a Board of Regents, carefully selected, indicating

only in general terms the objects to which their attention was to be
directed in executing the testator's intention.

'' Thus, by the fifth section, the Regents were required to cause a
building to be erected of sufficient size^ and with suitable rooms or

halls, for the reception and arrangement, upon a liberal scale, of ob-

jects of natural history, including a geological and mineralogical
cabinet ; also a chemical laboratory, a library, a gallery of art, and
the necessary lecture-rooms. It is evident that Congress intended by
these provisions that the funds of the institution should be applied to

increase knowledge in all of the branches of science mentioned in this

section—in objects of natural history, in geology, in mineralogy, in

chemistry, in the arts—and that lectures were to be delivered upon
such topics as the Regents might deem useful in the execution of the

trmst. And publications by the institution were undoubtedly neces-

sary to diffuse generally the knowledge that might be obtained ; for

any increase of knowledge that might thus be acquired was not to be
locked up in the institution or preserved only for the use of the citi-

zens of Washington, or persons who might visit the institution. It

was by the express terms of the trust, which the United States was
ple.dged to execute, to be diffused among men. This could be done
in no other way than by publications at the expense of the Institu-

tion. Nor has Congress prescribed the sums which shall be appro-
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priated to these different objects. It is left to the discretion and judg-

ment of the Regents.
" The fifth section also requires a library to be formed, and the eighth

section provides that the Regents shall make from the interest an ap-

propriation^ not exceeding an average of twenty- five thousand dol-

lars annually, for the gradual formation of a library composed of val-

uable works pertaining to all departments of human knowledge.
" But this section cannot, by any fair construction of its language,

be deemed to imply that any appropriation to that amount, or nearly

so, was intended to be required. It is not a direction to the Regents

to apply that sum, but a prohibition to apply more ;
and it leaves it

to the Regents to decide what amount within the sum limited can be

advantageously applied to the library, having a due regard to the

other objects enumerated in the law.
" Indeed the eighth section would seem to be intended to prevent the

absorption of the funds of the Institution in the^ purchase of books.

And there would seem to be sound reason for giving it that construc-

tion ; for such an application of the funds could hardly be regarded as

a faithful execution of the trust ; for the collection of an immense

library at Washington would certainly not tend ' to increase or dif-

fuse knowledge ' in any other country, not even among the country-

men of the testator ; very few even of the citizens of the United States

would receive any benefit from it. And if the money was to be so ap-

propriated, it would have been far better to buy the books and place

them at once in the Congress library. They would be more accepta-

ble to the public there, and it would have saved the expense of a costly

building and the salaries of the officers
;
yet nobody would have listened

to such a proposition, or consented that the United States should take

to itself and for its own use the money which they accepted as a trust

for ''the increase and difi'usion of knowledge among men.'
" T)iis is the construction which the Regents have given to the acts

of Congress, and, in the opinion of the committee, it is the true one
;

and, acting under it, they have erected a commodious building, given

their attention to all the branches of science mentioned in the law, to

the full extent of the means afforded by the fund of the Institution,

and have been forming a library of choice and valuable books, amount-

ing already to more than fifteen thousand volumes. The books are,

for the most part, precisely of the character calculated to carry out the

intentions of the donor of the fund and of the act of Congress. They

are chiefly composed of works published by or under the auspices of

the numerous institutions of Europe which are engaged in scientific

pursuits, giving an account of their respective researches and of new dis-

coveries whenever they are made. These works are sent to the 'Smith-

sonian Institution,' in return for the publications of this Institution,

which are transmitted to the learned societies and establishments abroad.

The library thus formed, and the means by which it is accomplished,

are peculiarly calculated to attain the object for which the munificent

legacy was given in trust to the United States. The publication of

the results of scientific researches made by the institution is calculated

to stimulate American genius, and at the same time enable it to bring

before the public the fruits of its labors. And the transmission of
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these publiccations to the learned societies in Europe, and receiving in
return the fruits of similar researches made hy them, gives to each the
benefit of the ^increase of knowledge' wliich either may obtain, and
at the same time diffuses it throughout the civilized world. The
library thus formed will contain books suitable to the present state of
scientific knowledge, and will keep pace with its advance

; and it is

certainly far superior to a vast collection of expensive works, most of
which may be found in any public library, and many ofwhich are mere
objects of curiosity or amusement, and seldom, if ever, opened by any
one engaged in the pursuits of science,
" These operations appear to have been carried out by the Eegents,

under the immediate superintendence of Professor Henry, with zeal,
energy, and discretion, and with the strictest regard to economy in
the expenditure of the funds. Kor does there seem to be any other
mode which Congress could prescribe or the Regents adopt which
would better fulfil the high trust which the United States have under-
taken to perform. No fixed and immutable plan prescribed by law
or adopted by the Regents would attain the objects of the trust. It
was evidently the intention of the donor that it should be carried into
execution by an institution or establishment, as it is termed in his
will. Congress has created one, and given it ample powers, but di-
recting its attention particularly to the objects enumerated in the
law

;
and it is the duty of that Institution to avail itself of the lights

of experience, and to change its plan of operations when they are con-
vinced that a different one will better accomplish the objects of the
trust. The Regents have done so, and wisely, for the reasons above
slated. The committee see nothing, therefore, in their conduct which
calls for any new legislation or any change in the powers now exer-
cised by the Regents.

''For many of the views and statements in the foregoing report the
committee are indebted to the full and luminous reports of the Board
of Regents. From the views entertained by the committee, after an
impartial examination of the proceedings referred to, the committee
have adopted the language of the resolution, ' that no action of the
Senate is necessary and proper in regard to the Smithsonian Institu-
tion

;
muJj this is the unanimoiis opinion of the committee.

' '

'





EEPORT OF THE SECRETARY FOR 1856.

To the Board of Regents of the Smithsonian Institution:

GentleiMEjST : The report of the oijerations of the year which has just

closed may he considered as completing the first decade of the history

of the establishment entrusted to your care. The act incorporating

the Institution was approved by the President, August 20, 1846, and
the first session of the Board of Kegents was commenced on the Yth of

the following September. It was, however, principally occupied in

discussions relative to the plan of organization, which was not adopted
until the beginning of 1847 ; and hence, although this report will be
the eleventh, yet, in reality, it completes the account of but little

more than the operations of ten years. It may therefore be proper,

On the present occasion, to present in review a few of the prominent

points in the history of the Institution.

In the beginning of an establishment of this kind, intended to last

as long as the government of the United States shall endure, it was
more important that every step should be in the proper direction, than
that great advances should be made. The condition of an institution

after a given time is to be estimated by what it has done well, rather

than by the amount of what it has accomplished. Activity impro-

perly directed is worse than inaction, and a wrong step at the com-

mencement may produce effects which will be injuriously felt during

the whole succeeding career.

From the outset there were many obstacles in the way of the proper

establishment of this Institution. It was not clear to the minds of

many that the general government had the power to accept a trust

intended for the promotion of knowledge ; and after this point was

Settled in the affirmative, a new difficulty arose in construing tlie will.

The bequest was of so novel a character, and the terms in which it

was expressed so brief, though precise, that much difference of opinion

naturally prevailed as to the intention of the donor and the means of

Carrying it into execution. Another difficulty grew out of the manner

2s
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in wliicli tlie funds were invested ; and from these causes it was not

until after a delay of eight years that the law which organized the

Institution was enacted. Congress, it is true, intended in good faith

to compensate for this delay hy granting interest on the fund from the

time the money was received into the treasury of the United States
;

hut, unfortunately, the whole of this accrued interest, and as much of

the annual income as might he thought necessary, were hy the au-

thority of law appropriated to a huilding of a magnitude incommen-

surate with the means or wants. of the estahlishment. The adminis-

tration of the trust was given in charge to a Board of Regents, whose

special duty it was to study the character of the bequest with more

attention than it had previously received. They were not, however,

left entirely free to adopt such a plan as after mature deliberation

they might think best fitted to carry out the intention of the donor,

but were directed to include in the organization several objects which,

in the opinion of a majority of the Board, were not in accordance with

a strict interpretation of the will, or with the annual income of the

bequest.

The founder of the Institution was a man of liberal education, a

graduate of Oxford, an active member of the Royal Society, and de-

voted, during a long life, to original scientific research. Not content

with the acquisition of ordinary learning, he sought by his own labors

to enlarge the bounds of existing knowledge. Well acquainted with

the precise meaning of words, while he left the mode of accom-

plishing his benevolent design to the trustees whom he had chosen,

he specified definitely the object of his bequest. In consideration of

his character, as evinced by his life, there can be no reasonable doubt

that he intended by the terms ''an establishment for the increase and

diffusion of knowledge among men," an institution to promote the

discovery of new truths, and the diffusion of these to every part of the

civilized world . This view, however, was not at first entertained, and

various plans, founded on misconceptions, were proposed for the or-

ganization of the Institution. The most prominent of these proposi-

tions were, first, to found a national university which should be

supplementary to the colleges of the country; secondly, to diffuse

popular information among the people of the United States by the

distribution of tracts ; thirdly, to establish at the seat of government

a large library; and fourthly, a national museum. Though these

propositions embraced objects of high importance in themselves, and

probably affected the legislation of Congress, they did not embody the

prominent ideas of the testator. They were restricted in their influ-
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ence to this country, confined to a limited diffusion of existing know-
ledge, and made no provision for new discoveries.

Fortunately the Board of Regents, with more precise knowledge of

the suhject and with more liheral views, after much deliberation,

were enabled to adopt a plan of organization, which, while it pro-

vided for the requirements of Congress, presented as its most promi-
nent feature the promotion of original research in the various branches
of science.

Although the directors have had to contend with popular miscon-

ceptions and with opposition from other sources in carrying out this

plan, it has constantly been adhered to, and by its means a reputa-

tion has been established and an influence exerted in the line of

the promotion of knowledge as wide as the civilized world. All
the requirements of Congress have been strictly complied with, a
building, making provision on a liberal scale for a library, a museum,
a gallery of art, lectures, &c., has been erected at a cost of 325,000
dollars; and this sum, by prolonging the time of completing the

building, has been paid entirely out of the interest. The whole
amount of the original bequest, 515,000 dollars, remains untouched
in the Treasury of the United States ; and in order to assist in defray-

ing the heavy annual expense of the support of the establishment

necessarily connected with so large an edifice, the sum of 125,000

dollars has been saved from the income and added to the principal.

A library has been established, unrivaled in its series of the trans-

actions of learned societies, and containing nearly 50,000 articles
; a

museum has been collected, the most extensive in the world, as regards

the natural history of the North American continent ; a cabinet of

apparatus has been procured through the liberality of Dr. Hare, and
other means sufficient to illustrate the principal phenomena of chem-
istry and natural philosophy, as well as to serve the purpose of origi-

nal research ; and an annual series of lectures have been given to

large audiences by some of the most distinguished scientific and
literary individuals in the United States.

Although economy and forethought have been observed in providing
for these objects, they have absorbed a considerable portion ofthe income,
and lessened the amount of good which might have been accomplished
by a policy of a more truly cosmopolitan character. They have, how-
ever, as far as possible, been made subservient to the direct promotion
of knowledge

; and in this behalf, notwithstanding its limited means,
the Institution has accomplished much that is important.



I

20 REPORT OF THE SECRETARY.

It has published a large series of original papers on the following

branches of science, namely on

Mathematics and Physics 4

Astronomy 14

Meteorology 5

Chemistry and Technology 2

Geography, Ethnology and Philology 11

Microscopical Science 4

Zoology and Physiology 8

Botany.... 7

Pala3ontology 4

Geology 1

Miscellaneous 11

Making in all o 71

Not only have these memoirs been j)ublished and distributed at the

expense of the Institution, but the production of most of them has

been facilitated by assistance rendered by its funds, its library, its

collections, and its influence. They are not mere essays or compila-

tions relative to previously known and established truths, intended to

difiuse popular information among the people of the United States,

but positive additions to the sum of human knowledge, presented in a

form best fitted for the student and the teacher, and designed through

them to improve the condition of man generally. Though in some

cases they may appear to have no connexion with his wants^ yet they

are really essential to his mental, moral, or physical development.

Every well established truth is an addition to the sum of human
power, and though it may not find an immediate ajiplication to the

economy of every day life, we may safely commit it to the stream of

time, in the confident anticipation that the world will not fail to

realize its beneficial results. We are assured, as we have said before,

both from the example of Smithson himself, and from the words convey-

ing the intention of his bequest, that the promotion of the discovery of

such truths was his principal design in founding the Institution which

is to perpetuate and honor his name. Copies of the published memoirs

are sent to all the first-class libraries of the civilized world, and in

this way the idea of " diffusion of knowledge among men " has been

most effectually realized. Besides the memoirs referred to, a large

number of important reports and miscellaneous papers have been

published.
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Natural history explorations have been made at the expense of the

government, but principally at the instance and under the scientific

direction of this Institution, which have done more to develop a

knowledge of the peculiar character of the western portions of this

continent than all previous researches on the subject. A system

of exchange is now in successful operation, connecting in friendly

relations the cultivators of literature and science in this country, with

their brethren in every part of the Old World. A large amount of

valuable material has been collected with regard to the meteorology

of the North American continent, and a system of observations organ-

ized which, if properly conducted in future, will tend to establish a

knowledge of the peculiarities of our climate, and to develope the laws

of the storms which visit particularly the eastern portion of the

United States during the winter. A series of original researches have

been made in the Institution in regard to different branches of natural

history, and also to portions of physical science particularly applica-

ble to economical purposes.

In consideration of the difficulties with which the directors of the

Institution have had to contend, it will, I think, be generally ad-

mitted that more has been accomplished than, under the circum-

stances, could have reasonably been anticipated. Although several

steps may have been taken which were not in the proper direction,

the Kegents can scarcely be considered responsible for these, since

they were not entirely free to choose their own course, but were obliged

to be governed by the provisions of the act of incorporation.

Whatever ground of doubt may have existed as to the authority of

Congress to accept the charge of the bequest^ there ean be none as to

the obligation to carry out the intention of the testator now that the

duty has been undertaken. The character of the government for justice

and intelligence is involved in the faithful and proper discharge of

the obligation assumed ; and this becomes a matter of graver import-

ance when it is considered that on the successful administration of the

affairs of this Institution depends the bestowment of other legacies of

a similar character intended for the good of men. If this Institution

should prove a failure, the loss would not be confined to the money

bequeathed by Smithson, but would involve the loss of confidence in

the management by public bodies of like trusts committed to their

care.

The adverse effects of the early and consequently imperfect legis-
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lation ought, therefore, as far as possible, to be obviated ; and this

could readily be donej if Congress would relieve the Institution from

the care of a large collection of si^ecimens principally belonging to

the government, and purchase the building to be used as a depository

of all the objects of natural history and the fine arts belonging to the

nation. If this were done, a few rooms would be sufficient for trans-

acting the business of the Institution, and a larger portion of the in-

come would be free to be applied to the more immediate objects of the

bequest. Indeed, it would be a gain to science could the Institution

give away the building for no other consideration than that of being

relieved from the costly charge of the collections ; and, for the present,

it may be well to adopt the plan suggested in a late report of the Com-

missioner of Patents, namely, to remove the museum of the Exploring

Expedition, which now fills a large and valuable room in the Patent

Office, wanted for the exhibition of models, to the spacious hall of

the Institution, at present unoccupied, and to continue under the di-

rection of the Kegents, the appropriation now annually made for the

preservation and display of the collections.

Although the Regents, a few years ago, declined to accept this

museum as a gift, yet, since experience has shown that the building

will ultimately be filled with objects of natural history belonging to

the general government, which, for the good of science, it will be

necessary to preserve, it may be a question whether, in consideration

of this fact, it would not be well to offer the use of the large room

immediately for a national museum, of which the Smithsonian Institu-

tion would be the mere curator, and the expense of maintaining which

should be paid by the general government. The cost of keeping the

museum of the Exploring Expedition, now in the Patent Office,

including heating, pay of watchmen, &c., is about $5,000, and if the

plan proposed is adopted, the Institution and the Patent Office will

both be benefitted. The burden which is now thrown on the Insti-

tution, of preserving the specimens which have been collected by the

different expeditions instituted by government during the last ten

years, will be at least in part removed, and the Patent Office will

acquire the occupancy of one of the largest rooms in its building for

the legitimate purposes of its establishment. It is believed that the

benefit from this plan is so obvious that no objection to it would be

made in Congress, and that it would meet the approbation of the

p ublic generally.
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Nothing has occurred during the past year to vary the character of

the financial statement which has been given in previous reports. By
a reference to the report of the Building Committee, it will be seen

that a final settlement has been made with the contractor, and, from

the statements of the Executive Committee^ that $120,000 have been

invested in State stocks, bearing an annual interest of $7,830, and
that there is also in the hands of the Treasurer $5,000 to be invested.

During the present year the income from the extra fund can, for

the first time, be appropriated, at least in part, to other purposes than

the building. The repairs, however, the cases and furniture re-

quired for the care of the collections, together with the lighting and
heating, the pay of the watchman and laborers rendered necessary by
so large an establishment, will consume a considerable portion of the

income from this source. The expenditure on these items will tend

to increase rather than diminish with time, and therefore it will be

prudent to confine the appropriations considerably within the income,

in order to meet unforeseen demands.

No especial appropriation has yet been made by Congress for con-

tinuing the improvement of the grounds ; and it is to be regretted that

years should be suffered to pass without planting the trees which are in

the future to add to the beauty, health, and comfort of the metropolis of

the nation. Unjust censure is frequently bestowed on the Institution

on account of the neglected condition of these grounds, over which it

has no control, and on which it would manifestly be improper to ex-

pend any of its funds. No part of the public domain is more used

than the reservation on which the building stands, and I doubt not,

if the matter were properly brought before Congress, an appropriation

for the immediate supply of trees and its general improvement would
be granted.

During the past year a beautiful monument has been erected near

the Institution by the American Pomological Society, to the memory
of the lamented Downing. It is a just tribute to the worth of one of

the benefactors of our country, and afibrds an interesting addition to

the ornamental plan furnished by himself for the public parks of this

city. The adoption of this plan is in part due to the efforts of the Ee-

gents in the way of embellishing the grounds around the Smithsonian

buildino;.
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Puhlications.—The eighth annual quarto volume of Contributions

to Knowledge has b^en printed and distributed. It contains the fol-

lowing memoirs :

Archaeology of the United States, or Sketches, Historical and Biblio-

graphical, of the progress of information and opinion respecting

vestiges of antiquity in the United States, by Samuel F. Haven, Esq.

On the recent Secular Period of the Aurora Borealis, by Denison

Olmsted, L.L.D.

The Tangencies of Circles and of Spheres, by Major Benjamin

Alvord, U. S. A.

Researches, Chemical and Physiological, concerning certain North

American Vertebrata, by Joseph Jones, M.D.

Record of Auroral Phenomena, observed in the higher northern

latitudes, by Peter Force, Esq.

List of the transactions of learned societies in the library of the

Smithsonian Institution.

An account has been given of all the articles published in the 8th

volume, with the exception of the paper of Dr. Jones. The investi-

gations recorded in this memoir were made by an under graduate of

the medical department of the University of Pennsylvania, and were

accepted for publication on the authority of Professors Jackson and

Leidy of that institution. The experiments were made on alligators,

terrapins, reptiles, fishes, and other animals. They were necessarily

attended with much labor and many embarrassments, on account of

the peculiar habits of the animals on which they were made, and the

difficulty of access to, and the miasmatic condition of, the localities

whence the specimens were obtained. The investigations were, for

the most part, conducted in Liberty county, Georgia, where the author

had an opportunity of obtaining fresh specimens of vertebrate animals

seldom enjoyed by previous observers ; and the industry and zeal which

he has exhibited in prosecuting his researches are highly commenda-

ble, particularly in the case of an under graduate of one of our medical

universities.

The memoir is divided into a series of chapters, the first and second

of which relate to the analysis of the blood of animals in the normal

condition ; the third and fourth to the physical and chemical changes

in the solids and fluids of animals when deprived of food and drink,

and also the effects of a change of diet. The remaining chapters pre-

sent a series of observations upon the alimentary canal, the compara-

tive anatomy and physiology of the pancreas, liver, spleen, the kid-

neys, and the urine. The following are among the conclusions arrived
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at by the author ; and though some of them may have been previously

obtained, yet they will serve even in these cases to verify the results

of other investigations.

The amount of water in the blood is greatest in the invcrtebrata.

Among vertebrate animals it is greatest in fishes and aquatic reptiles,

and least in serpents, birds, and mammals. It would appear, as a

general hiw, that as the organs of the animal are developed, and the

temperature and intellect correspondingly increased, the blood be-

comes richer in organic constituents. The blood of serpents, at first

sight, appears to form an exception to this conclusion ; the larger

amount of solid matter existing in their blood is^ however, accounted

for by the fact that they seldom or never drink wateie, and as they

are constantly, though slowly, evaporating this fluid, the blood must
necessarily become concentrated and yield a larger quantity of solid

constituents upon analysis. The proportion of the constituents of the

blood of mammalia varies as much in individuals of the same species

as in those of remotely separated genera. In the invertebrate ani-

mals the number of blood corpuscles is very small in comparison with

that in the vertebrata. The fibrine constitutes a remarkable index of

the vital, organic, and intellectual endowments of animals. In the

whole of the invertebrate kingdom it is absent, except in a few of the

most highly organized. In the lower order of the vertebrata, as

fishes and batrachians, it is soft, unstable, and readily converted into

albumen. The proportion of fixed saline constituents in the blood is

remarkably uniform throughout the whole animal kingdom. Among
the vertebrate animals the greatest amount of mineral constituents

is found in fishes and reptiles inhabiting the salt water. In every

instance during abstinence from nourishment, the water of the blood

diminishes more rapidly than the solid portions. The rapidity of the

consumption of the watery element, and the consequent concentration

of blood, is connected with the vital and physical condition of the ani-

mal, being more rapid in the case of those of warm blood . The cor-

puscles waste during starvation, as well as the other components, thus

proving tliat they have an important office to fulfil in the support of

the tissues and organs of the living animal. The fibrine relatively

increases during starvation and thirst. The fat of the body wastes

more rapidly than any other of the tissues. The continuance of life of

the animal during starvation and thirst is inversely proportional to the

rapidity of change of its elements, and, as a necessary consequence, to

its temperature and organic development. The relative weight of the

heart to that of the body was found proportionably smaller in fishes
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and larger in birds than in other animals. The blood lost during

starvation was rapidly restored with vegetable diet, its solid constitu-

ents, however, were less with the latter than v/ith animal food. The

proportion between the blood corpuscles and liquor sanguinis was not

altered, though the saline constituents were diminished with a vegeta-

ble diet. In many instances the shells of the terrapins became softer,

and the effect of a change of diet was also exhibited in the digestive

organs. The small intestines were enlarged, and a much greater

amount of water was thrown into the circulation than in the case of

the use of animal food, and hence water, holding albumen in solution,

accumulated in the cellular tissues and serous cavities. The urine

was rendered more abundant, and its specific gravity and chemical re-

lations changed.

The remarkable difference which is known to exist between the

digestive apparatus of carnivorous and graminivorous animals, is ex-

hibited most strikingly in the comparative length of the alimentary

canal ; for example, that of the common cat is five feet and a third in

length, while that of the sheep is eighty-eight feet.

Fishes afford the best means of studying the development of the

pancreas ; the permanent forms which it assumes in them being but

the transient condition of its development during the growth of the

higher animals. This organ is found in carnivorous fishes, reptiles,

and mammalia, to be relatively much larger than in frugivorous and

graminivorous animals. The pancreas of warm-blooded is larger than

that of cold-blooded carnivora. The opinion advanced by Bernard is

sustained, viz : that the ofiice of the pancreas is to prepare fatty mat-

ter for absorption. The shape and appearance of the liver vary

greatly. The former appears to be determined by that of the animal

and its abdominal cavity. The size also varies, and on this point a

series of results are given as to the ratio of its weight to that of the

whole body. The livers of all animals, cold or warm-blooded, as far

as the author's observations have extended, yield grape sugar, which

passes into the circulation and disappears in the lungs so long as nor-

mal respiration is maintained. In cold-blooded animals it is never a

healthy constituent of the urine ; if a supply of oxygen be cut off, it

is accumulated in the blood and eliminated by the kidneys. The

spleen, which is absent from all invertebrate animals, varies in form,

size, and position in different reptiles. In the mammalia it is large,

and presents manifold diversities of form. It is smallest in birds and

ophidians, and largest in fishes and mammals. It appears to be an
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organ of subordinate importance in the animal economy, and of its

real office the anatomist is still ignorant. Its function is not indis-

pensable to the maintenance of life.

The kidneys are excreting and not secreting organs; and the

amount and character of the excretions depend upon certain materials

in the blood. When tlie kidneys are excised, other membranes and
organs assume their office ; and it is probable that in lower animals,

which are without this organ, its functions are performed by the

mucous membrane of the stomach and intestines. As far as the ob-

servations of the author extend, the kidneys are larger in carnivorous

than in other animals. The urine of fishes is difficult to be obtained,

the bladders are almost always emj^ty. The amount of urine excreted

by a warm-blooded animal is from forty to several hundred times that

furnished by a cold-blooded animal.

From this very brief exposition of the results obtained some idea

may be formed of the amount of labor bestowed on these investiga-

tions ; and whatever estimate may be formed of the speculations of

the author, there can be but one opinion as to the value of the facts

which he presents.

The next article accepted since the date of the last report, and

which has been printed and partially distributed, will form a part

of the 9th volume. It is by J. D. Eunkle, and is entitled, "New
tables for determining the values of the co-efficients in the perturb-

ative function of planetary motions which depend upon the ratio of

the mean distances." The object of these tables is to facilitate the

calculation of the places of the planets, and other astronomical re-

searches.

In determining the mutual action of any two planets in our solar

system, there are certain quantities, depending upon the ratio of the

mean distances of these bodies from the sun, which must first be com-

puted. The number of these quantities, and the labor necessary to

compute each one of them, makes this first step in the reduction of

the mutual action of the two planets to numbers, a serious work. But

when it is remembered that there are fifty planets already known,

and that others, especially among the asteroid group, are probably

still to be discovered, the desirableness of determining all these quan-

tities by some short and easy process cannot admit of question. The

tables just published by the Institution accomplish this desired end

with the greatest possible facility. Their use gives the same advan-

•tage in the calculations to which they are a2)plied that a table of

logarithms affords in arithmetical operations. The tedious labor of
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computing these quantities for the old planets has already been per-

formed three or four times over—a labor which these tables would

have saved, and will save in the future for all the planets whose mean

distances are not at present sufficiently well known. The supplement

to the tables contains the qualities necessary in the computation of the

mutual perturbations of the eight principal planets ; and the supple-

ment continued, which will be published during the present year, will

contain the quantities which correspond to the asteroids. In order to

ensure accuracy in printing these tables, they have been stereotyped.

The work was referred to Prof. B. Peirce, of Harvard University, and

Capt. C. H. Davis, Superintendent of the American Nautical Almanac,

and it is published on their recommendation.

Another paper which has been accepted for publication, and is

now ready for distribution, is by Prof. Wolcott Gibbs, of New York,

and Dr. F. A. Genth, of Philadelphia, entitled ''Eesearches on the

Ammonia-cobalt bases." It consists of a laborious series of investi-

gations relative to a very interesting part of chemistry . This memoir

is chiefly important from a theoretical point of view, though it will

probably be found to possess many important practical applications.

Chemists have long recognized the existence of a class of bodies called

bases, which possess the property of neutralizing acids, and of form-

ing with them what are commonly called salts. These bases are

usually oxides of metals, or of substances which play in combination

the part of metals. Thus the protoxide and sesquioxide of iron are

in this sense simple bases, while quinine, morphine, strychnine^ &c.,

form examples of complex bases, or oxides of what chemists term

compound radicals. It usually happens that metals which belong to

the same natural family or group form oxides which have an analo-

gous constitution. Thus iron, manganes*, chromium_, cobalt, and

nickel all form sesquioxides as well as protoxides. The protoxides of

these metals are strong bases. The sesquioxides of chromium, iron,

and manganese are also bases, while those of cobalt and nickel rarely,

if ever, exhibit basic properties. Under these circumstances, it is very

interesting to find that the union of the sesquioxide of cobalt with a

few equivalents of ammonia, or of ammonia and deutoxide of nitrogen,

confers upon it the property of forming stable combinations with acids,

or, in other words, salts. In the memoir referred to, four distinct

classes of such compound bases are described. Of these, two are en-

tirely new, while the others had^ up to this time, been very imper-

fectly investigated.

The bases described in the memoir are termed conjugate, from the
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fact that they contain substances in a manner yoked together. Such
compounds are not altogether new, and chemists have long assumed
or admitted the existence of both conjugate acids and bases. In its

most general form, the idea of a conjugate body implies that two or

more substances are united in such a way that the properties of one
or two of these substances are lost or become insensible, while those
of another are more or less essentially modified. Thus the body A
may either increase or diminish the acid or basic properties of the
body B, but its own properties are at the same time lost, or at least

do not appear in those of the compound. The ammonia-cobalt bases

furnish the best defined and most instructive class of conjugate bodies

yet discovered, and have abundantly repaid the very great labor which
has been bestowed upon them. It can scarcely be doubted that their

study will give an impulse to chemical science, and will be followed

by that of other bodies of the same character. The remarkably beau-
tiful and brilliant colors which many of these compounds exhibit lead

to the hope that some, at lea,st, may find direct practical applications

in dyeing. Drs. Gibbs and Genth propose to continue their researches,

and to present the fruits of an extended study in a second part of their

memoir.

This paper is illustrated by a number of wood engravings of the
forms of the crystals, drawn under the direction of Prof. Dana,
to whom the authors are indebted for the determination of the
systems to which many of the crystals belong, and of their principal

forms. They have also been furnished with facilities in the line of
their researches from the Smithsonian fund, which renders it proper
that the results should first appear in the "Contributions" of the In-

stitution, although the paper will probably be republished in some of
the scientific periodicals of the day.

In the reports for 1850 and 1852, accounts are given of a work
prepared for the Smithsonian Institution by Professor Harvey, of the
University of Dublin, on the Algaj found along the eastern and south-

ern coasts of the United States. Two parts of this work have been
published, and have received the approbation of the scientific world.

In reference to the first part, I may be allowed to quote the follow-

ing remarks of the late Professor Forbes, of Edinburgh, than whom
no better authority could be cited :

"Professor Harvey is one of the ablest and most philosophical of

living botanists. His fame with the multitude is, however, very
small compared with the honor assigned to him by his scientific
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peers. * * * A more proper person than Professor Harvey could

not have been selected for the elaboration of a ' Nereis Boreali-Ameri-

cana,' and most honorable is it to the directors of the Smithsonian

Institution of North America that they should have selected this gen-

tleman for the task of which we have now the first fruits. The trus-

tees of that establishment are pursuing a course which is sure to do

much towards the wholesome development of science in the United

States. In the present instance they have done what is both wise and

generous, and, in seeking the best man to do the difficult work they

require done, have recognized nobly the truth that science belongs to

the world, to all mankind, laboring for the benefit of all regions and

races alike."

Professor Harvey has lately returned from an exploration around

the shores of the Pacific ocean, and has promised to complete the

third part of the work during the present year. It will include an

account of the Aiga3 along the coasts of Oregon and California. The

labors of the author, including the drawings of the plants on the stone,

are entirely gratuitous
;
yet the publication of the work is very ex_

pensive, and it is proposed to lessen the cost to the Institution by

striking off a number of extra copies for sale to individuals. This

may be done without risk, since a growing taste is manifested in the

study of this interesting branch of botany, and a number of copies

have already been ordered by booksellers.

The three papers mentioned in the report for 1855, on surface

geology, by Professor Hitchcock, are now in the press. By a reduc-

tion in the size, and a re-arrangement of the plates under the super-

intendence of Professor Baird, the cost of the publication of these

communications will be much diminished. The plates require to be

colored, and the reduction of expense, as well as an increased beauty

of effect, is produced by adopting the chromo-lithographic process. The

author proposes to apply to the legislature of Massachusetts for an

appropriation to purchase copies of this work as a supplement to his

report on the geology of that State.

Since the last meeting of the Board, the paper previously men-

tioned on the " Relative Intensity of the Heat and Light of the Sun,

by L. W. Meech," has been published and partially distributed. The

following propositions are discussed in this memoir, viz : The propor-

tion of a planet's surface which is irradiated by the sun at a given

time, as deduced from the relative size and distance of the two bodies.

The sun's intensity upon the planets in relation to their orbits. The
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law of the sun's intensity at any instant during the day. Determina-

tion of the sun's hourly and diurnal intensity. On local and climatic

changes of the sun's intensity. On the diurnal and annual duration

of sunlight and twilight. These are all mathematical deductions

from well established principles, and constitute the preliminary prob-

lems towards a logical solution of the phenomena of the meteorology

of our earth. The author offers to continue his interesting investiga-

tions in this line of research, provided the Institution will employ

a person to make the arithmetical calculations, or, in other words, to

deduce from the formula the numerical values of the quantities

required. His own time must be principally occupied in other duties,

though he will cheerfully devote his leisure hours to the investigations,

with a view of extending the bounds of knowledge. He considers most

of the memoirs which have been published in the transactions of

different learned societies as preparatory to a more complete solution

of the problem of terrestrial heat. He has succeeded in bringing the

formulre of the theory of heat in closer connexion with observation

than heretofore, and thinks there is now an opportunity presented

for increasing our knowledge of meteorology on the " theoretic side."

From a consideration of the interesting problems which have been

discussed in the memoir just published, and the manner of their solu-

tion, it can scarcely be doubted that valuable results will be produced

by an appropriation for the continuance of these researches.

The first part of the paper on Oology, described in the last report,

is now in the hands of the printer. Every possible pains has been

taken to make the illustrations as accurate representations of the

objects as can be accomplished by art. The globular shape of the

eggs^ and the receding aspect of their markings, have heretofore

baffled all endeavors to represent them correctly. The best and most

artistic works of this kind, involving a very expensive operation, are

but partially successful. The desideratum has been obtained by the

employment of photography in making the original delineations, and

this has furnished an exact and available basis, which the engraver

can copy at his leisure, and which represents with fidelity, otherwise

unattainable, the appearance to be perpetuated. These improvements

have been made by Mr. L. H. Bradford, of Boston, to whom the en-

graving has been entrusted. The plates will be printed in colors. An
order has been received from England, in advance, for a number of

copies of this work, the proceeds of which will be devoted to lessening

the' cost of the illustrations.
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The publication of the paper mentioned in the rejiort for 1854,

relative to the Zapotec remains in Mitla, Mexico^ was delayed on ac-

count of the absence of Mr. Brantz Mayer, who undertook to prepare

an account of the drawings made by Mr. Sawkins, with general ob-

servations on Mexican history and archeology- It has, however,

been published since the date of the last report, and will form a part

of the ninth volume of the contributions. It was referred to Mr.

Haven, of the Antiquarian Society, Worcester^ Massachusetts, and to

Dr. E. H. Davis, of New York. This paper, as well as that of Mr.

Haven on the archeology of the United States, possesses much more

popular interest than many of the Contributions published by the In-

stitutions, and is therefore in greater demand.

Beports on Progress ofKnoioledge.—One of the propositions embraced

in the plan of organization is the publication of reports on the pro-

gress of knowled^ge ; but the portion of the fund which could be ex-

pended in printing has been so much more advantageously employed

in giving to the world memoirs consisting of original contributions to

science, that but little has been done in regard to this part of the

original plan. It has not, however, been entirely neglected. Besides

the work of Messrs. Booth and Morfit on the progress of the Chemical

Arts, the last annual report of the Regents to Congress contains an

account of late researches relative to Electricity. Another part of the

same work will be given in an appendix to this report.

The report on forest trees by Dr. Grray, of Cambridge, is still in

progress, but has been delayed principally on account of the more

pressing engagements of the author in preparing his description of

plants collected by different expeditions undertaken by the govern-

ment, and in part from the difficulty of obtaining the necessary

drawings for its illustration. Some of these can only be made at

particular seasons of the year, during fructification, and other periods

of the different phases of the parts of the trees. A sufficient number

of the drawings have been prepared to form a considerable portion of

the work ; but as these in many cases belong to different genera, they

cannot properly be published until the others are prepared, which are

necessary to complete definite series. Nevertheless, it is expected

that the first part of the work will be ready for the press during this

year. Instead, however, of presenting it in the form of a report, it

has been thought advisable to publish it as a part of the quarto series

of original Contributions to Knowledge. For, though the facts it

contains are not entirely new, the work will in no sense be a compi*
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lation ; the drawings and descriptions will all be original, and it will

probably contain a series of experiments and observations on the

economical uses of our trees, which have never before been published.

Besides this, the quarto form is best adapted for the illustrations.

The Report on education^ mentioned at the last meeting of the Board

as in progress of preparation by the Hon. Henry Barnard, of Con-

necticut, has not yet been completed. We hope, however, to be able

to obtain the article during the present year, and to give it to the

public either as an appendix to the annual report or in a separate

form.

The printing of the second and enlarged edition of the Meteoro-

logical and physical tahles^ which was announced in the last report

a^ having been commenced, has been delayed on account of an error

detected by the author in the reduction of one of the formulas, which

required the recomputation of a considerable number of pages. We
regret that much disappointment has been felt at the long delay of the

appearance of these tables, which has been owing to the many pres-

sing engagements of the author. We have now directed the printer

to strike off such portions of the work as are stereotyped, and these

will probably be ready for distribution to our meteorological observers

before the publication of this report.

These tables will serve to form a part of a great work suggested

by Mr. Babbage, entitled "The Constants of Nature and Art," in-

tended to contain all facts which can be expressed in numbers, in the

various branches of knowledge, such as the atomic weights of bodies^,

specific gravities, elasticity, tenacity, specific heat, conducting power,,

melting point ; weight of difierent gases, liquids, and solids ; the

strength of different materials; velocity of sound of cannon balls; elec-

tricity, light, animals, &c., &c., &c. Such a work would be perpetu-

ally useful in original investigations, as well as in the application of

science to the useful arts ; but to carry out fully the idea of the authory

the co-operation of a number of institutions would be necessary. It,

however, consists of parts, any one of which will be considered of im-

mediate value. An account and examples of this Avork are given in

the appendix.

The materials for a new edition of the Beport on Libraries have

been collected, and are now being arranged and prepared for the press

by Mr. Rhees, chief clerk of the Institution. Considerable difficulty

has been experienced in obtaining answers to the circulars first issued,

but the cistribution of a second edition has called forth a large amount

3s
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of interesting information. The work will exhibit the rapid progress

which this country is making in the means of acquiring knowledge,

as well as indicate the kind of books which receive most attention.

It was at first proposed to publish it as a part of the appendix of the

Report to Congress ; but it has been found impossible to comj)lete it

in time for that purpose, and it will, therefore, be printed by the In-

stitution in a separate form.

Exchanges.—The system of international exchanges has been carried

on during the year 1856 with unabated activity, but with increasing

expense, notwithstanding the liberal assistance which has been con-

tinued by tlie several transportation companies mentioned in the last

report. A large room, occupying nearly the whole of the first floor

of the east wing, 75 feet long and upwards of 30 feet in width, has

been devoted entirely to the business connected with the exchanges^

It has been fitted up with cases, shelves, and boxes, similar in ar-

rangement to a post office, in which a separate space is appropriated

to each country and each institution.

This part of the general operations of the Institution continues to

be received with much favor by literary and scientific societies and in-

tdividuals in this country and abroad, and is increasing every year in

.extent and usefulness. We hope, however, hereafter to render it more

perfect and useful, particularly by increasing the frequency of trans-

missions.

I regret that at this time I am not able to give the exact statistics

of the amount sent and received during the past year, since a second

invoice is now in the course of preparation, containing many articles

which should properly be included among those of the present year.

Meteorology.—In the last report of the Board of Regents it was

announced that an arrangement had been made with the Commis-

sioner of Patents by which the system of meteorology, established

under the direction of the Institution, would be extended, and the

results published more fully than could be done by the Smithsonian

income alone ; that a new set of blank forms had been prepared by

myself, and widely distributed under the frank of the Patent Office

;

and also that an appropriation had been made for the purchase of a

large number of rain-gauges, to be presented to observers in different

parts of the country. This copartnership, as it may be called, has

produced good results ; the number of observers has increased, and

the character of the instruments and of the observations has been
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improved. The reduction of the registers has been continued by

Prof. Coffin during the past year. He has completed those for 1854

and 1855, and is now engaged on those for 1856. A summary of the

more important reductions for 1854 and 1855 was given in the last

Keport of the Patent Office, and hope was entertained that an ar-

rangement could be made by which the whole series would be pub-

lished at the expense of the general government. But this expectation

has not been realized, and the Institution has commenced to stereo-

type the work on its own account. Copies of the stereotype impres-

sions will be forwarded, from time to time, to observers, as they

become ready for distribution.

During the past year many additions have been made to the

number of observers, and increased interest has been awakened in the

subject of meteorology. Quite a number of observers have furnished

themselves with full sets of standard instruments, and the system has

thus been increased in precision as well as magnitude. It is to be

regretted, however, that the observers are not more uniformly distri-

buted over the whole country ; while the northern and eastern States

are abundantly supplied the southern and western are deficient,

particularly Indiana, Kentucky, Tennessee, Mississippi, Arkansas,

Louisiana, and Texas.

Several of the observers publish the results of their observations in

the newspapers of their vicinity, and we would commend this custom

to general adoption. It serves to direct attention to the impoitance

of precise records of the weather, to awaken a greater public interest

in the subject of meteorology, and to gratify a laudable curiosity in the

comparison of the variations of the different seasons. We would also

recommend to the observers generally the plan adopted by some of

them, of the construction of diagrams, exhibiting to the eye, at a

single glanee, the peculiarities of temperature, moisture, and direc-

tion of the wind, for different seasons and years.

All the materials possessed by the Institution relative to the direc-

tion and force of the wind, derived either from its own system or

found ia works received by exchange, have been placed in the hands

of Prof. Coffin, to enable him to prepare a supplement to his valuable

memoir on the "Winds of the Northern Hemisphere." This work

requires a large amount of laborious arithmetical calculation, to defray

the expense of a part of which a small sum has been granted from

the appropriation for meteorology. The fact was also mentioned

in the last report, that a valuable series of observations made in Texas

and Mexico, by the late Br. Berlandier, was placed at our disposition
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by Lieutenant Couch, late of the United States army ; and I am
happy to state to the Board that these observations are at present in

the process of revision, and that they will be published, at least in

part, if not entirely, during the next year. The Institution is now

also prepared to publish a number of series of observations continued

for considerable periods of time, which will be of importance in the

comparison of the weather of different years.

The great object in view in regard to this branch of science is to

furnish materials which all who are so disposed may study, and from

which deductions may be made as to the peculiarities of our climate,

or the general meteorological phenomena of the globe. It is highly

desirable that as many minds as possible should be employed on this

subject, and it is consequently important that the greatest procurable

amount of authentic data should be furnished to them as the basis of

their investigations. The continent of North America presents a field

of peculiar interest in regard to geography, geology, botany, zoology,

and meteorology_, which has been cultivated more industriously since

the establishment of this Institution than at any former period ; and

now, with the proper co-operation of the medical department of the

army, by means of observations made at the different military posts on

the west, the system about to be established in Canada on the north,

and that of the Smithsonian and Patent Office on the east, with that

of the National Observatory on the sea surrounding our coast, more

extended and accurate means than were ever before in existence will be

offered for the solution of some of the most interesting problems of

climatology. In order, however, to full success in this enterprise, all

considerations of personal or institutional aggrandizement should be

entirely discarded, and each party be impelled alone by the desire to

advance as much as is in its power the cause of truth. The policy of

this institution has ever been of a character as liberal as its means

would permit, and we trust it will not cease to extend a generous co-

operation to every well devised plan intended to promote knowledge.

We cannot hold out the idea that great results are at once to be

obtained for the improvement of agriculture, and the promotion of

health and comfort, by a system of meteorological investigation.

There are no royal roads to knowledge, and we can only advance to

new and important truths along the rugged path of experience, guided

by cautious induction. We cannot promise to the farmer any great

reduction in the time of the growth of his crops, or the means of pre-
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dieting, with unerring certainty, the approach of storms. But in the

course of a number of years the average character of the climate of

the different parts of the country may be ascertained, and the data

furnished for reducing to certainty, on the principle of insurance, what

plants can be most profitably cultivated in a particular place ; and it

is highly probable that the laws of storms may be so far determined

that we shall be able, when informed by the telegraph that one has

commenced in any part of the country, to say how it will spread, and

whether it may be expected to extend to our own locality. We make

these remarks in order to prevent disappointment and the evils pro-

duced by exciting expectations which cannot possibly be realized.

Terrestrial Magnetism.—Nearly a continuous record of the changes

of magnetic declination has been kept up by the photographic method,

during the greater part of the past year, at the magnetic observatory

established by the Institution and the United States Coast Survey.

The series was interrupted, in December, by some improvements in

the arrangement of the building, and by preparations for the mount-

ing of additiorfkl instruments for recording the changes of horizontal

and vertical force. The apparatus was constructed, at the request of

Professor Bache, under the direction of Charles Brooke, Esq., of Lon-

don, who originally designed this method of registration, and who

kindly undertook to adjust all the delicate compensations. Similar

instruments are in operation at the magnetic observatories of Green-

wich, Paris and Toronto ; and it is hoped that a continuous correspond-

ing record will in future be made here, which will prove of great

interest and utility in the study of the phenomena of terrestrial mag-

netism.

The set of portable magnetic instruments for absolute determina-

tions belonging to the Institution are placed in charge of Baron

Muller, who is making a scientific expedition to Mexico and Central

America. Recent investigations having shown that magnetic obser-

vations in those regions, where none have been made since Humboldt

visited them, more than fifty years ago^ would have a special value in

determining the law of distribution, the Institution availed itself of

the opportunity offered by Baron Muller' s expedition, to forward this

branch of knowledge by furnishing instruments, and appropriating an

amount adequate to cover the additional expenses occasioned by these

observations. Full copies of the records are transmitted to the Insti-

tution as opportunity offers. The results of the observations, as far as
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received, are given in tlie appendix to this report ; they will be pub-

lished in detail when the series is complete.

Laboratory.—It was stated in the last report that^ in conformity

with the act of Congress incorporating the Institution, a laboratory

had been fitted up with the necessary appliances for original research

in chemistry and other branches of physical science. During the past

year, besides the examination of minerals and other substances sub-

mitted to the Institution, a series of experiments have been made re-

lative to the strength of materials for building purposes, to some points

of meteorology, and to electrical induction. The results that have

been obtained from these investigations will, in due time, be given

to the public.

Library.—During the past year the library has received, by ex-

change, a larger accession than during any previous year. The

whole number of volumes, parts of volumes, and other articles ob-

tained by this means, is 5,361.

The series of transactions and scientific periodicals is gradually be-

coming more and more complete ; and, in the course,of a few years,

this collection will be as extensive as any to be found in the Old

World. A second part of the catalogue of transactions, now in the

library^ has been published, and distributed to foreign institutions.

In this the deficiencies of the library are pointed out, and in many

cases these have already been supplied by the liberality of the

societies having duplicates of the desired articles.

Though the books received by donation and exchange are of the

most valuable character, and such as cannot, in many cases, be pro-

cured by purchase, yet, as they are generally presented in parts of

volumes in paper covers, they require a large expenditure for binding.

During the last two years, the sum of three thousand dollars has been

jDaid for this purpose.

Among the liberal donors to whom the Smithsonian Library is

indebted, principally on account of the system of exchange, special

acknowledgment is due to the Prussian government for the continua-

tion of the celebrated work, by Lepsius, on Egypt ; to Baron Korff,

of the Imperial library of Russia, for the volumes of the monuments

of the Cimmerian Bosphorus ; to the Board of Health of London, for

a full set of its reports ; to the Imperial Society of Naturalists of

Moscow, for 21 volumes, 8vo, of the Bulletin of its proceedings
;
to

F. A. Brockhaus, of Leipsic, for 151 quarto volumes of the Ency-

clopadie der Wissenschaften ; to Justus Perthes, of Gotha, for ninety-
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two volumes of maps and other geographical publications ; to R.

Lepsius, for a nearly complete series of his philological and ethnolo-

gical works ; to the Naturforschende Gl-estllschaft, at Basle, for seventy-

three volumes of rare scientific journals ; to the Geological Society of

France, for eleven volumes of its Bulletin, and four volumes of its

Memoirs ; to the Observatory at Milan, for fifteen volumes of Effem-

eridi ; to the University of Athens, for thirty-four volumes of modern

Greek works ; to the University of Tubingen, for twenty-eight folio

and quarto volumes of rare and curious incunabula ;
to the Riks-

bibliotek of Stockholm, for three hundred volumes of proceedings of

the Swedish Diet ; to the London Admiralty, for ninety charts, pub-

lished from August, 1855, to August, 1856 ; to Dr. Thomas B.

Wilson, of Philadelphia, for a set of Buffon's works, 28 volumes, and

Nouveau Dictionnaire d'Historie Naturelle, 30 volumes ;
to the Duke

de Lugnes, for a fac-simile of the inscription on the Sidonian sarco-

phagus, and the volume describing it, which were furnished at the

request of the Institution, for the use of some of our oriental scholars,

by its liberal author.

In regard to the last mentioned donation the following account

may, perhaps, be interesting : A sarcophagus, bearing a long Phoeni-

cian inscription, having been exhumed in the vicinity of the ancient

Sidon, in the beginning of the year 1855, the American missionaries

on the spot, with praiseworthy zeal for learning, took copies of the

writing and transmitted them to this country and to Europe, and

scholars on both sides of the water immediately entered upon its

study and gave their interpretations to the world. Meanwhile, the

sarcophagus itself was purchased by the Due de Lugnes and presented

to the French government, who deposited it in the gallery of the Louvre.

It had become evident that the copies of the inscription on which the

first interpretation was based, owing to the imperfect means at com-

mand, were necessarily, in several respects, unreliable. At the re-

quest of Prof. E. E. Salisbury, of Yale College, and William W.
Turner, Librarian of the Patent Office, who had chiefly occupied

themselves with the study of the monument in this country, applica-

tion was made to the Due de Lugnes, who, with generous promptness,

presented to the Institution exceedingly well executed facsimiles of

the inscriptions on the lid and on the sides of the sarcophagus, and a

copy of the work illustrating the same, published by himself for

private distribution. Thus American scholars are afforded the same

opportunity as is possessed by their compeers in Europe of making
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an independent study, with authentic materials, of this highly inter-

esting relic of antiquity.

We have frequently stated that the principal object of the library

is to furnish the colaborators of the Institution with the means of

ascertaining what has been accomplished in the particular line of

their research. For this purpose, under certain restrictions, we have

forwarded books to different parts of the country, and this we are

enabled to do, without much risk of loss, by means of the system of

express agency which now forms a net-work of intercommunication

over all parts of the United States. A volume may, it is true, be occa-

sionally lost ; but it is better to hazard an occurrence of this kind than

that the books should not be used. The library is also consulted by the

officers of the army, the navy, of the Coast Survey, and the men of

science who have been connected with the several exploring expedi-

tions ; and in this way, it has been made to subserve the general object

of the Institution in the promotion of knowledge. The expense of

this part, however, of the operations of the library is small, in com-

parison with that which is in reality of little importance. I allude

to the cost of keeping up a reading-room, in which the light publica-

tions of the day, obtained through the copyright law, are perused

principally by young persons. Although the law requiring a copy

of each book for which a copyright is granted, to be deposited in the

library was intended to benefit the Institution, and would do so were

it designed to establish a general miscellaneous collection, yet as this

is not the case, and as some of the principal publishers do not regard

the law, the enactment has proved an injury rather than a benefiti

The articles received are principally elementary school manuals and

the ephemeral productions of the teeming press, including labels for

patent medicines, perfumery, and sheets of popular music. The cost

of postage, clerk-hire, certificates, shelf-room, &c., of these far exceeds

the value of the good works received. Indeed, all the books pub-

lished in the United States, which might be required for the library,

could have been purchased for one-tenth of what has been expended

on those obtained by the copyright law. Similar complaints are

made by the Library of Congress and the Department of State ; and

it is therefore evident that this subject requires the attention of gov-

ernment. Three copies of every work are now required to be sent to

Washington, but in no one of these cases is the intention of the copy-

right law fully carried out. If the books are to be preserved as

evidence of title it would seem most fit that they should be deposited
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and preserved in the Patent Office with other samples of the protected

jiroducts of original thought, namely : models of invention and speci-

mens of design.

Two douole cases, each fifty feet in length, have been provided

during the present year, which, with the previous shelves, will be

sufficient to hold the books at present in the library and those which

may be received for some time to come.

Museum.—It has been stated in previous reports that it is not the

design of the Institution to form a general museum of all objects of

natural history, but of such as are of a more immediate interest in

advancing definite branches of physical research ; and in view of this,

special attention has been bestowed on developing the peculiarities of

the productions of the American continent, with a view to ascertain

what changes animals and plants have undergone, how they differ in

their present as well as their past forms from those on other portions of

the globe, and also the distribution of the same species, and the rela-

tions which they bear to the soil and climate where they are found.

The great object of studies of this class is to determine the laws of the

production^ growth, and existence of living beings. The nature of life

itself is at present unknown to us, except in its relation to certain or-

ganic forms and changes going on in them. It is, to our apprehension,

insep9,rably connected in this world with transformations of bodies

chemically composed of a few elementary materials, which are con-

stantly being combined and decomposed, in accordance with laws

peculiar to the living being. In reference to the forms which these

materials assume, the whole animal kingdom has been referred to

four great types or plans of structure, the Vertebrata, the Articulata,

the Mollusca, and the Kadiata. From these four types all the varieties

that are found on the surface of the earth are derived. It appears to

be a principle of nature that the most diversified effects are made to

follow from a single conception, a fact which is well expressed by the

terms " multiplicity in unity." Whilst every part of the earth is

peopled with animals constructed in accordance with these types, the

fauna of no two parts of the world are precisely alike. Difierence in

conditions of climate or soil, or difference in original character, have

produced a diversity, the nature of which is an important object of the

naturalist to investigate. For example, fishes of the same name, and

apparently of precisely the same character, found on the east and west

sides of the Eocky mountains, present peculiarities which, though

slight, are invariable, and which mark a difference of origin or of
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condition. But it is not sufficient for tlie full investigation of tlie

subject to provide the means of studying the living faunas and floras

which now characterize different districts ;—science also requires the

collection of materials for the investigation of the animal and vegetable

forms which existed at the same and different localities at various

epochs in the past history of the globe, or, in other words, it is de-

sirous to obtain data for the investigation of the phenomena of life, as

it is exhibited in time as well as in space ; and hence attention is also

given to the collection of complete suites of the organic remains, par-

ticularly of the hitherto unexplored parts of this country.

In reference to the solution of some important questions now pend-

ing in relation to natural history. Professor Agassiz has called our atten-

tion to several special collections, and as his suggestions are of general

interest, I will here mention them. First, he commends to attention

the tertiary shells, on account of their bearing on the problem of the

mean annual temperature of the globe at difi'erent periods anterior to

its present geological condition. Different species of these animals exist

at present each in water of a given temperature ; and by ascertaining

the temperature congenial to each species from actual observation on

different parts of the coast, a thermometrical scale would be given by

which to determine the climate of any place in the past geological

periods in which these animals existed. The United States is most

favorably situated for the solution of this question. Its eastern coast

extends north and south over more than 23 degrees of latitude, along

which shells are everywhere common_, and present remarkable changes

in their distribution and mode of association. A large collection of

these fossil shells from the tertiary beds in different latitudes from

Maine to Georgia, properly arranged, would, in time, afford as precise

data for ascertaining the mean annual temperature of these shores

during the different periods of the tertiary times as an actual series of

instrumental observations.

Another collection to which the same distinguished naturalist has

called our attention is a series of embryos and young animals of

different species. It is a well established fact that animals of a higher

type pass from the first inception of life in the embryonic state

through a series of forms resembling the lower animals, so that even

in the case of man himself the embryo assumes the form of the fish

or the reptile. The study, therefore, of a series of animals, selected

at different periods of gestation, is of the highest importance in tracing

the progress of their separate developments, and also of ascertaining

the probable forms under which organized beings may be exhibited in

diflerent parts of the present, or in the remains of the past ages of the
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•world. A collection which might be readily made at one of the great

centres, where hundreds of thousands of swine are killed, would enable

us to clear up the history of the growth of this animal, and to estab-

lish the true relations between the living and fossil quadrupeds of this

class, or, perhaps, afford the means of tracing a correct outline of

those types which have become extinct, and the forms of which are,

perhaps, only preserved in our day in some transient state of the olBF-

spring, uncompleted in the womb of our living species. Indeed, so far

does Professor Agassiz carry this idea, that he entertains no doubt of

the practicability of drawing correct figures of the fossil Palcetlierium

and Anoplotherium from the embryos of our present allied animals,

viz : of our hogs and horses.

The museum continues to receive large additions from the govern-

ment surveys and other sources. According to the statement of Prof.

Baird, the specimens catalogued at the end of the year 1856 were as

follows, viz : Of mammals, 2, 04&; otbirds, 5,S55 ; of skulls and skele-

tons, 3,060, making in all an aggregate of nearly eleven thousand

articles, besides 2,000 mammals in alcohol, and at least 1,200 skins

of birds not yet entered on the museum registers.

However valuable these collections may be in themselves, they are

but the rough materials from which science is to be evolved ; and so

long as the specimens remain undescribed, and their places undeter-

mined in the system of organized beings, though they may serve to

gratify an unenlightened curiosity, they are of no importance in the

discovery of the laws of life.

The collections of the Institution are intended for original investi-

gation, and for this purpose the use of them, under certain restric-

tions, will be given to any person having the knowledge and skill

necessary to the prosecution of researches of this character. It is not

the policy of the Institution to hoard them up for mere display, or for

the special use of those who may be immediately connected with the

establishment. Cooperation, not monopoly, as we have stated in

previous reports, is the motto which expresses our principle of action.

It is an object of the Institution to induce as many persons as possible

to undertake the study of special branches of natural history, and to

furnish them, as far as possible, with the means of knowing what has

been done, as well as of adding to the stock of existing knowledge.

The only return which is required is that proper credit in all cases

should be awarded to the Institution for the facilities it has afforded.

Included in the additions to the museum during the last few years

from government exploring parties and private individuals have been

a number of living animals. Among these were two bald eagles, an
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antelope, monkeys_, raccoons, two wild cats_, a jaguar^ and a large

grizzly bear, the latter from the Eocky Mountains. Though these

objects are of importance in serving as models for drawings by the

various artists engaged in figuring the collections of the different sur-

veying and exploring expeditions, it is neither compatible with the

means of the Institution, nor the duties of the Secretary and his

assistants to take the custody of specimens of this character. We
have^ however, been relieved from this unenviable charge by the kind

cooperation of Dr. Nichols, Superintendent of the Grovernment Insane

Asylum, who has provided suitable accommodations for the animals

on the extensive grounds of that institution_, and rendered them sub-

servient to its benevolent object in the amusement and consequent

improvement of its patients. As they are in the immediate neighbor-

hood of this city, they are readily accessible to strangers, and students

of natural history, who visit the seat of government. While presents

of this kind evince kind feelings, and are complimentary to the manage-

ment of the Institution, the expense of transportation in some cases has

been rather a heavy tax, and while we cannot very well refuse dona-

tions of this character, they would be much more acceptable were

they received free of cost.

In connexion with this subject it may be stated that we have

frequent applications for exchanges of specimens with foreign institu-

tions ; but while we are anxious to diffuse as widely as possible a

knowledge of the natural history of this country, and to distribute

articles which may serve to verify the Smithsonian publications, still

it is not the policy with the present income to collect specimens other

than those directly intended to illustrate the productions of the North

American continent.

For a detailed account of the operations of the museum, the explo-

rations which have been undertaken during the year at the expense

of the government or otherwise, and the sources from which donations

have been received, I will refer to the report of Prof. Baird, herewith

submitted.

Gallery of Art.—The room apropriated to the gallery of art is still

occupied by the series of interesting Indian portraits, by Mr. Stanley.

It is to be hoped that Congress will make an appropriation for the

purchase of these illustrations of a race of men rapidly disappearing

before the advance of civilization. The collection should be kept to-

gether and carefully preserved as a faithful ethnological record of the

characteristics of the aboriginal inhabitants of the western portion of

our continent. It is the most complete collection of the kind now in

existence, and it would be a matter of lasting regret were the pictures
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sold to individuals, and thus separated. Mr. Stanley^ tliougli possess

ing mncli enthusiasm and liberality in regard to his art and com-
mendable pride in this collection, will feel compelled, injustice to his

family, to dispose of it to individuals, unless Congress becomes the

purchaser.

The Institution possesses a valuable collection of engravings, well

calculated to illustrate every epoch in the history of the art, as well as

the style of the greatest masters. It is desirable that a catalogue be

prepared^ under the names of the engravers, in alphabetical series and
with references to the volume and page, of the authors by whom the

pieces have been described and criticised. The smaller engravings

should be mounted in portfolios or volumes, and the larger regularly

arranged, and where necessary, mounted on sheets of thick paper or

paste-board, and placed in portfolios. A sufficient number to illus-

trate various styles, and also such as are of extraordinary merit, rarity,

or cost, ought to be framed as a means of preservation as well as of

exhibition.

It was a part of the original programme of organization, to furnish

accommodations free of expense for the exhibition of works of art, and
since there is no city of the Union visited by a greater number of in-

telligent strangers than Washington, particularly during the session

of Congress, it is, perhaps, one of the best places in our country for

this purpose. A few artists during the past year have availed them-
selves of the advantages thus afforded, and perhaps others would em-

brace the opportunity were the facts more generally known.

Lectures.—Arrangements have been made for the usual number of

lectures during the present session of Congress. The plan previously

adopted has been adhered to, namely, to give courses of lectures on

particular branches of knowledge, interspersed occasionally with single

lectures on particular topics. It may be proper to mention that the

amount paid the lecturer is merely intended to defray liberally his

expenses, and not as full remuneration for his services. Frequent

applications have been made, as in previous years, for invitations to

lecture ; but as a general rule, the honor has not been extended to

those who appeared most solicitous to obtain it. Men of standing

and established reputation have principally been chosen, and the dis-

courses which they have delivered have been such as to improve the

moral and intellectual character of the audience. All subjects of a

political or sectarian character have been excluded.
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The following is a list of tlie lectures* which were delivered during

the winter of 1856-57:

Three lectures by Prof. Jos. Le Conte, of Georgia, on ''Coal," and

and three lectures on " Coral."

One lecture by J. R. Thompson, Esq., of Richmond, Virginia,

on "^ European Journalism."

One lecture by Dr. J. Gr. Kohl, on "The History of American

Geography."

Five lectures by Rev. J. G. Morris, M. D., of Baltimore, on the

" Habits and Instincts of Insects."

Six lectures by Prof. Benjamin Pierce, of Cambridge, Mass., on

<< Potential Physics."

1. The elements of potential physics. The material universe con-

sidered as a machine, as a work of art, or as the manifest word of God.

2. Potential arithmetic.

3. Potential algebra.

4. Potential geometry.

5. Analytic morphology, or the world's architecture.

6. The realization of the imaginary, and the powers of justice and

love.

One lecture by Rev. Geo. W. Bethune, D. D., of Brooklyn, N. Y.,

on "The Orator."

Three lectures by W. Gilmore Simms, Esq., of South Carolina:

1. On the Professions.

2. Ante-Columbian History of America.

3. Ante-Colonial History of the United States,

Eight lectures by Dr. D. B. Reid, of Edinburg, on the "Pro-

gress of Architecture in relation to Ventilation, Warming, Lighting,

Fire-Proofing, Acoustics, and the general preservation of Health."

The operations of the Institution have been continually expanding^

and it is with difficulty they can be kept within the limit required by

the Smithsonian fund. So far, therefore, from wanting general fields

of usefulness, the opportunity of doing good is only restricted by the

amount of means which can be employed.

Respectfully submitted.
JOSEPH HENRY.

Washington, January, 1857.

* lu order to complete the list for the -winter of 1856-57 the lectures delivered after

the date of the report have been added.
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Smithsonian Institution,

December 31, 1856.

Sir : I beg leave to present herewith a report for the year 1856 of

operations of such departments of the Smithsonian Institution as have

been intrusted by you to my care.

Kespectfully submitted.
SPENCER F. BAIRD,

Assistant Secretary.

Joseph Henry, LL.D,,
Secretary Smithsonian Institution.

I.

—

Publications.—The eighth volume of the Smithsonian Contri-

butions to Knowledge was published and distributed during the year.

In size it exceeds any of those preceding it in the series, embracing

556 pages of text and nine plates. A large portion of the ninth

volume is also printed, and it is expected that the rest will be finished

early in 1857.

The octavo publications during the year consist of the tenth annual

report to Congress and Coffin's Psychrometrical Tables.

II.

—

Exchanges.—The receipts by excnange during 1856, both

for the Smithsonian Institution itself and for the other parties for

whom it acts as agent, have been unusually great, considerably ex-

ceeding those of any previous year, as will be shown by the following

table

:

The folloiving table exhibits the total of receipts as compared loith 1855.

1855. 1856.

Volumes—Octavo 717 966
" Quarto 233 329
" Folio 87 61

1,037 1,356
Parts of volumes and pamphlets

—

Octavo.. 1;427 1,413
Quarto 239 383
Folio 41 38

1,707 1,834
Maps, charts, and engravings.

.

26 140

Total 2,770 3,330

Number of distinct donations 1,779 2,331

The copies of the eighth volume of Smithsonian Contributions to

Knowledge were all duly forwarded to such addresses in the United

States and Europe as were entitled to receive them. Those for Europe



48 REPORT OF ASSISTANT SECRETARY.

•were accompanied, as usual, by the publications of all the American
societies, and filled 36 large boxes. The Institution did not receive

enough copies of its separate memoirs for distribution at that time,

and the transmission to minor societies and individuals was deferred

until the begining of 1857. The statistics of the whole will be pre-

sented altogether in the next report.

III.—MUSEUM.

A.

—

Increase of the Museum.

In my last report I had occasion to call attention to the very large

increase in magnitude of the collections received in 1855 compared

with those of preceding years. As many of these had been gathered

by parties engaged in government surveys^ of which few were in the

field in 1856, it was not expected that this year would equal the last

in the extent of additions to the museum of the Smithsonian Institu-

tion. On the contrary, however, there has been no year in which so

many valuable accessions have been made ; the pre-eminence consist-

ing not only in the number of specimens, but in their intrinsic value

and variety. For details on this subject I must refer to subsequent

portions of my report, and shall here only present a comparative table

of receipts for the three imst years :

1854. 1855. 1856.

Number of articles received

—

Barrels and kegs 35 26 19

Cans 26 18 23

Jars 175 187 127

Boxes 94 159 234

Bales — 7 1

Packages 32 79 87

Total 362 476 491

Separate donations 130 229 274

Donors 85 130 160

From the above table it will be seen that the increase in the number
of packages of donations, and of donors, during 1856, has been almost

as marked as that of 1855 over 1854, I shall now proceed to advert

briefly to the most important sources whence these collections were

derived, and then mention the princi})al additions in the diiferent

branches of the museum. As in past years, the bulk of the specimens

received were collected by government parties, and deposited with the

Smithsonian Institution in pursuance of the act of Congress which

directs this disposition of all natural history property of the United

States which may be in the city of Washington.

a.—THE MEXICAN BOUNDARY LINE.

Survey of the boundary line between the United States and Mexico—
Major W. H. Emory, U. S. A., commissioner.—In my last report the
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return of the main party under the commissioner was announced, and

brief mention made of the important collections gathered during the

survey. The party engaLanl on the western portion of the line, under

Lieutenant N. Michler, arrived in Washington early in the present

year. The natural history collections were made by Arthur Schott,

•esq., and were in very great variety, embracing many species new to

the fauna of the United States ; tlius rendering still more just the

remarks made in my last report upon the comprehensiveness and
value of the natural history results of the United States and Mexican
boundary survey.

Fort Yuma.—An important addition to our knowledge of the zool-

ogy of the Mexican boundary line was made by Major Gr. H. Thomas,

United. States army, assisted by Lieutenant Dubarry, United States

army, in a series of the animals of Fort Yuma. This embraced sev-

eral new species ; the most important of which was a FhyUostome bat,

the first member of that family ever found within the limits of the

United States.

&.—REGIONS WEST OF THE MISSOURI.

The government parties engaged in the regions north of the Mexi-

can boundary line and on or west of the Missouri river, and from
which collections have been received in 1856, are three in number

;

the results of which were important and satisfactory in a high degree.

The labors of other parties of a more private character working within

the same field have also yielded fruits of great value.

1, The exploration of the Llano Estacado, under Captain J. Pope,

United States army.—This expedition was sent out in 1854 for the

purpose of testing the practicability of artesian borings for water

in the desert plains of Texas. It returned in October, 1856, after

having succeeded in accumulating a large mass of facts and ob-

servations respecting the geology, geography, topography, mag-
netism, meteorology, and other physical features of the climate

and soil of the staked plains. But the results of most interest here

consist in a very extensive collection of the animals of that little

known region, embracing full series of its vertebrata and insects.

The collection, in respect to the latter, is indeed of hitherto unexam-
pled extent in the history of government expeditions ;

Captain Pope
having directed particular attention to specimens in this obscure de-

partment of American zoology. The result is to be found in sixty

boxes of pinned insects of all orders, in great excellence of preserva-

tion, and furnishing, not only ample materials for the study of geo-

graphical distribution, but likely to throw much light on the charac-

ter, habits, and changes of many species of western insects, already

possessiuii" a painful prominence for their devastations of plants of

both wild and cultivated growth.

Complete collections of the mammals, birds, reptiles, and fishes of

this region were also made; among them several species entirely new,

and others not previously known, except in very different localities.

4s
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Large collections in botany, mineralogy, and geology were also made,
but have not been received at the Institution.

2. Exploration of the Missouri 2nd YeUoivstone rivers, under Lieut.

G. K. Warren, United States army.—This expedition, accompanied
by Dr. F. V Hayden as geologist and naturalist, left St. Louis in

April, and returned in November, having in the mean time explored
the whole Missouri, from Council Bluffs to a point eighty miles above
the mouth of the Yellowstone, and up the latter to the mouth of the
Powder river. Short as was the time actually occupied in the field

—

scarcely six months—the party not only made the regular astronom-
ical and topographical observations, but also contributed in a high
degree to the advancement of natural science, by securing the largest

collection in natural history ever obtained by any one government ex-

pedition to the West. Some idea of the extent of these collections may
be formed from the fact that they embraced one hundred and fifty

mammals, six hundred birds, (one hundred and thirty-five species,)

skulls in large number, with several skeletoos of each of the large

quadrupeds of the plains ; about forty boxes of selected fossils, weigh-
ing several tons, among them an extensive series of the remarkable
plants of the tertiary, first discovered in North America by Dr. Hay-
den on a previous exploration, together with numerous plants, Indian
implements, dresses, &c. All the large mammals of the plains, buf-

falo, elk, deer, bears, wolves, antelope, bighorn, &c., are represented

in full by a series of skins, skeletons, and skulls, in perfect condition,

fitted at any time to be mounted and placed on exhibition.

3. Expedition for the construction of a loagon road from Fort Riley

to Bridger's Pass, under Lieutenant F. T. Bryan, United States

army.—This party, accompanied by W. S. Wood, esq., of Philadel-

phia, as collector and naturalist, left St. Louis in May, and returned

in November. The collections of the expedition, tliough exceeded in

magnitude by those of Lieutenant Warren and Captain Pope, were
yet of very great extent, and embraced a number of species larger

than usual in proportion to that of the specimens, owing to the care-

ful selection rendered necessary by the limited amount of transporta-

tion. A peculiar interest attached to this party from the fact of its

route having been in part along or near that of Major Long's expedi-

tion in 1819, who, as is well known, was accompanied as naturalist

by the eminent Say. Thirty-seven years had elapsed, and many of the

species observed on that occasion, and shortly after described, were
either obscurely known or altogether overlooked, owing to the loss in

one way or another of the original specimens. It will, then, be a

source of no little gratification to those interested in the natural his-

tory of America to learn, that in the collections made by Mr. Wood
are to be found nearly all the vertebrate species gathered by Say in

the way out to the Rocky mountains ; those on Say's return route

having also been collected by Captains Marcy, Whipple, Gunnison,
and Beckwith, a few years ago.

The most important collections made under Lieutenant Bryan con-

sist of the mammals, birds, reptiles, and fishes. Specimens of nearly
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all the species observed were obtained, embracing, as did those of the

two explorations previously mentioned, several new species.

Exploration of the Upper Missouri to the mouth of the Judith, in

1855, by Dr. F. V. Hayden.—Numerous collections made on this

occasion by Dr. Hayden were received during the year, and included

very many specimens of vertebrata, insects, and fossils of much the

same character as those referred to under head of Lieutenant War-

ren's expedition. It was on this occasion that Dr. Hayden made the

discovery on the Judith river of a peculiar formation which, by its

reptilian remains, would seem to represent the wealden of England^

as suggested by Dr. Leidy.

Explorations of Dr. J. G. Cooper and Dr. George SucMey, United

States army.—The final collections of Dr. Cooper made in Washing-

ton Territory and California were received in 1856, and closed the

important labors of this naturalist, commenced in 1853. These em-

braced all the departments of natural history, including many species

before unknown. This gentleman, as mentioned in a previous reportj,

went out as surgeon and naturalist to Washington Territory with the-

western division of Governor Stevens' Pacific railroad party, under

charge of Captain George B. McClellan ; and after the expiration of

his engagement remained in the country, chiefly at Vancouver and:

Shoalwater bay, spending a short time, previous to his return to the

Atlantic coast, near San Francisco.

Dr. Suckley, after returning on leave to the United States in 1855^

went back in November of that year to Washington Territory in com-

pany with a detachment of United States troops. Stationed most of

his time at Steilacoom, on Puget Sound, the scene of his former labors,

in fact, Dr. Suckley renewed many of his previous collections, and

added considerably to his list of species ; and sent to Washington

many boxes of specimens.* To these two gentlemen, in connexion

with J. K. Townsend, esq., we are indebted for a knowledge of the

entire natural history of the coast regions of northern Oregon and'

Washington Territories such as is possessed by but few States—by
their labors the vertebrate animals being, not only well known, but

the geographical distribution of the species minutely ascertained, and

the fullest notices of the habits and peculiarities placed on record.

Indeed, it is a serious question whetlier the species of the Atlantic:

coast and its adjoining regions are as well known as those of the Fa--

cific slope, through the labors of Drs. Cooper, Suckley, Townsend*,

Gambel, Heermann, Kennerly, Webb, Newberry, and J. F. Ham-
mond ;

Lieutenant W. P. Trowbridge and his assistants, Messrs.

James Wayne, A. Cassidy, T. A. Szabo ; Major G. H. Thomas,
Lieutenant Dubarry, and Messrs. Nuttall, Bell, Bowman, Schott,

Ayres, Gibbons,' Taylor, Gibbs, Grayson, Samuels, Hutton, and
others.

From Dr. J. F. Hammond, United States army, many valuable

* Among these were some ekins of mountain goats, presented by Lieutenant Nngen,
United States army.
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collections, gathered in southern California, were received, furnishing
not only several species not previously in our collections, but also
sup])]}'ing most important materials for determining the distribution
of the animals of the western slope generally.

Mr. A. S. Taylor, of Monterey, has furnished a variety of species,

while A. J. Grayson, esq., has supplied a number of birds of much
interest.

Other California collections, of greater or less extent, were received
from Capt. Stone and Dr. Antisell, and A. Campbell, esq.

Explorations in the vicinity of Petalum a, (Cal.) by E. Samuels, esq.—
Brief mention was made in ni}^ last report of the fitting out of Mr.
Samuels by the Boston Society of Natural History and the Smithsonian
Institution, aided by the liberality of the United States mail line to

California, via Panama. Mr. Samuels returned in July last, having
thoroughly explored the field of his labors, and gathered a rich

collection of specimens, embracing many rare and new species. The
liberal promises of the Pacific Mail Steamship Company, the Panama
Railroad Company, and the United States Mail Steamship Company,
'have been more than realized in the free passage home given to Mr.
(Samuels and all his large collections—an act of generosity which may
well excite the attention and recognition of the lovers of science.

Nor should less meed of praise be awarded to Messrs. Wells, Fargo
& Co. for their free transmission to San Francisco of Mr. Samuels'
boxes, thus facilitating their semi-monthly despatch to Washington.

It may, perhaps, not be out of place here to state that the above
mentioned mail line still continues its kind offices by transporting,

free of charge, all packages of the Smithsonian Institution containing
books of specimens of natural history. The United States mail line,

also, has furnished free freight of a similar character from Cuba and
New Orleans to New York.
The results of Mr. Samuels' explorations will shortly be published

in connected form in the journal of the Boston Society of Natural
History, illustrated with the necessary plates and figures.

Vollections in Texas, Kansas, Nebraska, and Utah.—In addition to

the great collection made by Capt. Pope, Lieut. Bryan, Lieut. War-
ren, and Dr. Hayden in these territories, several others have been

received, of more or less importance, which will be referred to under
their appropriate head. A collection of plants from the vicinity of

Fort Belknap, made by Dr. Vollum, United States army, and of

plants and animals from Fort Chadbourne, by Dr. E. Swift, United
States army, have added to our knowledge of the natural history of

Texas. A collection of reptiles and birds from Fort Riley, Kansas,

was also received from Dr. W. F. Hammond.

C.—REGIONS EAST OF THE MISSOURI.

It will be impossible, with the limits assigned me, to go into detail

respecting the collections from this portion of the United States^

although much of great value has been received. The principal con-
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tributors will be referred to hereafter, under the head of special

departments of the museum, as well as in the alphabetical list of
'' additions to the museum."

d. OTHER PORTIONS OF THE WORLD.

The year 1856 has witnessed the safe and successful return of the

two naval explorations sent out in the early part of 1853^ and dili-

gently occupied ever since in fulfilling the objects of their mission.

These were, the expedition for the survey of the China seas and
Behring Straits, (first under command of Oapt. C. Ringgold, United
States navy, and subsequently under Capt. J. Rodgers, United States

navy.) and the expedition for the exploration of the La Plata and
its tributaries, under Capt. T. J, Page, United States navy.

The Behring Straits expedition, accompanied by Wm. Stimpson as

zoologist and Charles Wright as botanist, visited the island of Ma-
deira, Cape of Good Hope, China seas, Japan, Kamtschatka, Behring
Straits, and the coast of California, returning from Tahiti, via Cape
Horn, in the very short time of seventy-four days. The natural

history results were of great magnitude, filling many boxes and
barrels, and embracing very many new and rare species. Some idea

of the value of the collection may be formed from the following brief

enumeration of the animals brought home :

Vertebrata 846 species.

Insects 400 ''

Crustacea 980 "
Annileds 220 "

MoUusca 2,359 "
Radiata 406 "

Total 5,211 "

Of these, it is probable that more than one-half are undescribed.

The plants have not yet been assorted, but it is believed that they

will be not inferior in extent to the animals. They occupy in the

original boxes and bales a bulk of over 100 cubic feet.

Mr. Wright left the vessel at San liVancisco, and returned via Nic-

aragua. He there made a valuable collection of plants and animals,

but was prevented from completing his explorations by the internal

troubles of the country. He has since gone to Cuba, to investigate

the botany of that island.

It may be proper to remark here^ that the whole of a very rich col-

lection of invertebrates made in the Arctic seas was dredged from
the vessel under the immediate superintendence of Captain Rodgers
himself, while the scientific corps was engaged in another portion of

Behring's Straits.

The exploration and survey of the La Plata and its tributaries,

under Captain T. J. Page, though consisting of but a single steamer,

the Water Witch, of only 400 tons, and unprovided with naturalists,

has yet accomplished much for natural science in the collection of very

full series of the birds, reptiles, fishes, insects, and plants of the
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country, with many interesting specimens of minerals, fossils, woods,

and other native products. A point of special attention was that of

plants useful in the materia medica, and of these many new and rare

kinds were obtained, which cannot fail to be of economical importance.

In making these collections, Captain Page was ably seconded by
Dr. Carter, surgeon of the vessel, Lieutenant Powell and the other

officers, as well as by E. Palmer, horticulturalist. In addition to the

specimens themselves^ many valuable notes on the habits and pecu-

liarities of the species were obtained,

Mr. Palmer left the expedition before its return on account of ill

health, and while waiting a passage home made some additional col-

lections of reptiles, fishes, and insects, of much interest.

At the present time, all of the collections of these two naval expe-

ditions are stowed in the Smithsonian building, waiting some action

of Congress by which they may be published to the world. Funds
are needed to make the necessary drawings of new or unfigured

species, and to compensate naturalists for preparing the different

reports.

e.—SYSTEMATIC STATEMENT OF ADDITIONS TO THE MUSEUM.

Under the present head, I can only mention, in brief terms, the

most important additions made in the different classes of animals,

referring for particulars to the alphabetical list of contributions.

The collections made by the government expeditions will be discussed

at length in their official reports. In the systematic catalogues also

of the collections of the Institution, in preparation for publication,

as soon as their extent will warrant, will be found a careful and de-

tailed indication of the donor and locality of every specimen. It may,
however, be well to extend the table of catalogue specimens, given on

page 54 of last year's report, to 1856, for the sake of exhibiting the

increase in several departments.
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being very great. Out of the whole number of additions already

catalogued, 846, the following are those of the larger animals.

Black Boar, Ursus amcricanus 1

Cinnamon Bear, Ursus cinnamomcus .... 1

Grizzly Bear, Ursus ferox 10

Racoon, {two species) 6

Wolf, Lupus occidentalis 10

Prairie Wolf, Lupus lalrans 6

Red Fox, Vulpes fulvus 6

Gray Fox, Vulpes Virginianus 6

Badger Taxidea labradoria 5

Wild Cat, nf three species 19

Panther, Ftlis concolor 5

Jaguar, Felis onza 1

Prairie Dog, C>inomys ludovicianus 50

Beaver, Castor canadensis 7

Common Deer, Cervus virginianus 18

Black Tail Deer, Cervus columbiamis. .. . 7

Mule Deer, Cervus macrotis 11

Elk, Ccrvis canadensis 12

Anle\o[>e, JinteU pe americana 18

Bighorn, Ovis moi\tana 5

Mountain Goat, Capra 7nontana 4

Buffalo, Bison americana 5

As might readily he inferred, most of the above mentioned speci-

mens were received from Captain Pope, Lieutenant Warren, Lieu-

tenant Bryan, and Dr. Hayden ; those collected by Lieutenant Warren
being of extraordinary variety and number.

Continuations of the collections on the west coast, both of mammals
and birds from Doctors Cooper, Suckley, and Hammond, Mr. Samuels

and others, have been of much interest. Messrs. Kennicott, Jenks,

Pastel, Wilson, Curtis, and others, have contributed many specimens

from the Atlantic region.

Several rich collections of European and Siberian mammals have

been received, and furnish the much desired opportunities of com-

parison with American species. Among them may be mentioned

Dipusjaculus, acontion, sagitta; Meriones opimics, tamaricinus; Sper-

mophilus guttatus, eversmanni, erythrogenys; Cricetus arenarius, fru-

mentarius; 31yodes novegicus, torquafus, ohensis, lagurus, ohscurus,

schisticolor; Arvicola 7'utUus, oeconomus; Lagomys alpinus; Tamias

paUasii.* Mustela sibirica, Feliscatus, dtc.—These have been received

from Dr. George Hartlaub, of Bremen, Dr. F. Brandt, of St. Peters-

burg, and Maximilian, Prince of Wied.
A deficiency in the collection last year of the Gcomys pineiis, or

pouched rat of Georgia, sometimes called "salamander," has been

supplied by specimens received from Dr. Baldwin, Dr. Gesner, and

Mr. Burgwyn.

Birds.—Many specimens of birds have been received from various

parts of the world, and among the North American specimens are

several new species. A collection of nearly 100 Australian species

was presented by Mr. Warfield. Some rare birds from Bolivia were

deposited by Mr. Evans.

Reptiles.—Among many, the most interesting specimens of reptiles

added during the year are two of Lepidosiren annectens from the

*By this name I denote the species of ground squirrel found in Siberia bv Pallas, and by

him considered the same with the ground squirrel of the United Slates. The most superfi-

cial comparison of the two shows them to be distinct, and as the American animal was first

described by L.nnacus as Tamias striatus, it must retain the name. In the necessity for a

new name for the Siberian species, I propose that of ttie discoverer, in the absence, as far as

I can ascertain, of any other.
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west coast of Africa, presented by Sir William Jardine. This almost
completes the rich series of ichthyoid reptiles in the Smithsonian
collection, the only deficiency being that of the gigantic salamander-
of Japan, {Siiholdia.)

Fishes.—The number of fishes received has not been very great,
compared with previous years, as but few portions of the United States-
lack representatives in the Smithsonian museum at the present time.

Insects.—But few insects have been added during the year, with
the exception of those already referred to under the head of govern-
ment expeditions.

Other Invertebrates.—A large collection of 100 species of Acliati-
nella, from the Sandwich Islands, was presented by Dr. Newcomb,
and of shells and Crustacea of Florida and Michigan, by 0. M. Dor-
man, Esq.

Plants.—Tlie principal plants received have been from Texas, col-
lected by Drs. Swift and Vollum, of the United States army.

Fossils and Blinerals.—The principal private collections under this
head, besides those contributed by Dr. Hayden, were received from I.

Lippman, of Saxony, the K. L. C. Akademie of Breslau, and the
Naturforschende Gesellschaft, of Emden.

Living animals.—These consisted chiefly of a Prairie Dog {Cyno-
mys ludovicianus ,) Sage Rabbit (Lepus artemisia,) and Prairie Fox
(Vulpes 7nacrourus,) collected by Lieutenant Warren and party.
Some living animals were brought home by Captain Page, as a Ja-
guar, and Nutria {Myopotamus coyjyus.) The latter has since died.
Mr. David Miller presented a Pennsylvania Fox Squirrel {Sciurus
cinereus.) Many specimens of Arvicola and Hesperormjs (mice) were
transmitted by Robert Kennicott.

Several hundred living turtles were received and transmitted to
Professsor Agassiz for examination.
The living animals received from time to time hare been found of

great use, as studies for the artists engaged in making drawings for

the various government reports. Several of the specimens, as the
Spermophiles, Prairie Dog, Prairie Fox, Antelope, &c., had never
been figured previously, except from distorted, dried skins.

In the following tables will be found references to the regions from
which collections have been received, and to the nature of the speci-

mens ; and at the end a full list of all the donations, arranged
alphabetically by donors. In some cases it has been impossible to-

ascertain the source of collections^, owing to the omission by the donor
of his name and address.
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I.

—

Geographical Index to Specimens received.

Vancouver
'

s island .—Tu rne r

.

Washington and Oregon.—Carter, Cooper, Newberry, Niigen, Suckley.
California.—Antisell, Campbell, Cooper, Dubarry, Emory, Grayson,

Hammond, Samuels, Stone, Suckley, Taylor, Thomas, Trow-
bridge.

Utah.—Carrington.

Nebraska.—Atkinson, Bryan, Hayden, Stevens, Walker, Warren,.
Watson.

Kansas.—Bryan, Carleton, Hammond.
Missouri.—Agassiz, Engelmann, Riddell, Wilson.
Texas.—Antisell, Pope, Swift, Vollum.
Neiv 3Iexico.—Bowman.
Arkansas.—Burke.
3Iississi2)pi.—Bellman , Teunison

.

Florida.—Baldwin, Burgwyn, Churchill, Dorman, Savery, Smith,
Welsh, Wiirdemann.

Georgia.—Churchill. Gesner, Glover, Jones, Leconte, Postell, Wilson.
South Carolina.—Agassiz_, Curtis.

North Carolina.—Bridger, Hunter.
Virginia.—Brakeley, Brooks, Cabanis, Easter, Hall, Hotchkiss, Jenks,

Joynes, McCue, Massy, Tompkins, Tuley.
3Iaryland and District of Columbia.—Lowndes, Moss, Newberry,.

Younger.
Pennsylvania.—Baird, Brickenstein, Brugger, Cassin, Mackey, Miller,

Stauffer, Thickstun.
Neio Jersey.— Ashmead, Baird, Brown^ Cooper.
New York.—Baker, Benton, Byram, Davis, Guest, Hale, Howell,

Reid, White.
Massachusetts.—Atwood, Brewer, Jenks, Jenkins.
Vermont.—Thompson

.

Neio Hampshire.—Harvey.
Maine.—Hamlin.
Michigan.—Dickinson, Dorman, Newberry, Reynolds.
Wisconsin.—Bell, Hoy.
Illinois.—Dorman, Kennicott.
loiua.—Bidwell, Glover, Odell.

Ohio.—Kirtland^ Luther, Merrick, Newberry, Newton, Spence.
Indiana.—Cox.
Tennessee.—Mitchell.

Kentucky

.

—Bibb

.

Nova Scotia.—Dawson, Downes, Gilpin, Ross, Willis..

Newfoundland.—Skues, Stabb.

Mexico.—Bobadilla, Hartlaub.
Nicaragua.—Anderson, Smith, Wright.
Cuba.—Poey.
Panama.—Cooper, Evans, Raymond, Rowell, Sucklej,
Paraguay.—Page, Palmer.
Branl.—Cabanis, Page.
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Bolivia.—Evans, Fry.

Jamaica.—Wilson.
England.—Denny, Jardine.

Germany.—K. L. C. Akademie, Breslau, Lippmann, Max., Pr, Wied,
Naturforschende Gesellschaft, Emdon.

Siberia.—Brandt, Hartlaub.

Africa.—Jardine.

Sandwich Islands.—Newcomb.
27brth Pacific seas.—Rodgers.
Australia.—Warfield.

II.

—

Systematic Index to Specimens eeceived.

Mammals.—Antisell, Atkinson, Baird, Baker, Baldwin, Bell, Bid-

well, Byram, Brakeley, Brandt, Brewer, Bridger, Bryan, Burgwyn,
Carleton, Cooper, Curtis, Davis, Dawson, Denny, Downes, Dubarry,
Easter, Emory, Engelmann, Gesner, Gilpin, Glover, Grayson, Hale,

Hall, Hammond, Hartlaub, Hayden, Howell, Jardine, Jenks, Jones,

Kennicott, Leconte, Lowndes, Lutber, Massey, Max., Pr. Wied, Mil-

ler, Moore, Mitchell, Newberry, Newton, Nugen, Odell, Page, Poey,

Pope, Postell, Reid, Riddell, Piodgers, Rowell, Samuels, Savery,

Skues, Smith, Stabo, Stevens, Swift, Suckley, Taylor, Teunison,

Thickstun, Thomas, Thompson, Trowbridge, Tuley, Warfield, War-
ren, Watson, Wilson.

Birds.—Bidwell, Bryan, Cabanis, Cassin, Cooper, Davis, Easter,

Emory, Evans, Glover, Grayson, Hammond, Hartlaub, Hayden,
Kirtland, Luther, Page, Pope, Rodgers, Samuels, Savery, Stabb,

Swift, Suckley, Trowbridge, Warfield, Warren, Wiirdemann.

RepUles.—Agassiz, Antisell, Ashmead, Baldwin, Brakeley, Brick-

enstein, Bridger, Baird, Bryan, Cabanis, Churchill, Denny, Dickin-

son, Emory, Gesner, Glover, Jardine, Jones, Kennicott, Mitchell,

Newberry, Page, Palmer, Poey, Pope, Reynolds, Rodgers, Rowell,

Samuels, Smith, Stauffer, Swift, Suckley, Taylor, Teunison, Thick-

stun, Thomas, Walker, Warren, Wilson, Wright, Wiirdemann,
Younger,

Fishes.—Baird, Bibb, Brugger, Bryan, Churchill, Cox, Denny,
Emory, Engelmann, Evans, Guest, Jardine, Kirtland, Mitchell,

Page, Palmer, Pope, Rodgers, Samuels, Suckley, Taylor, Tennison,

Trowbridge, Warren, Welsh, Wiirdemann.

Insects.—Baldwin, Bowman, Bryan, Cooper, Emory, Mackey, Moss,

Palmer, Pope, Raymond, Rodgers, Rowell, Samuels, Swift, Suckley,

Taylor, Walker, Warren.

Other Invertebrates.—Antisell, Atwood, Bellman, Bibb, Bidwell,

Bryan, Dorman, Luther, Newcomb, Plant, Pope, Rodgers, Samuels,

Smith, Stone, Suckley, Willis.

Plants.—Brown, Carter, Churchill, Cooper, Joynes, Raymond,
Rodgers, Swift, Vollum, Wright.
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Fossils and Minerals.—Bidwell, Bobadilla, Brooks, Burke, Camp-
"bell, Carrington, Denny, Fry, Hammond, Harvey, Hayden, Horner,

Hotchkiss, Hunter, Jenkins, Jenks, K. L. C. Akad., Lippmann,
McCue, Merrick, Naturf, Ges., Emden, Newberry, Ross, Spence, Tay-
lor, Thickstun, Turner_, Warren, Wilson.

Miscellaneous.—Hamlin, Hoy, Swift, Tompkins, Triibner, White,
Wilson.

B.— Work done in the Museum.

The various collections of the year have been unpacked, assorted,

and catalogued as fast as received. Books have been opened fur the

registry of the fishes and invertebrates of the series, which will be

labelled and entered as rapidly as circumstances will admit.

C.

—

Distribution and use of the Smithsonian Collections.

As in the previous years, the collections of the Smithsonian Insti-

tution have been freely open to the use of any persons engaged in

original research, and many specimens also distributed as exchanges.

The entire series of turtles has been sent to Professor Agassiz, to be

used in the preparation of his work, and many hundreds of living

ones were procured for him. Dr. Wyman has had many specimens

and preparations of salamanders and ichthyoid reptiles. Eggs of

North American birds have been furnished to Dr. Brewer, coleoptera

to Dr. Leconte^ neuroptera to Mr. Uhler, hymenoptera to M. Desaus-
sure ; seeds' to the United States Patent Office ; shells to Dr. Gould,
Mr. Lea, Hugh Cuming, and Mr. Cooper ; birds to the Bremen
museum and to Dr. Hoy ; living reptiles to the Zoological Society of

London ; fossils to Dr. Leidy, &c., &c.

D.

—

Present Condition of the Museum.

The present condition of the museum of the Smithsonian Institu-

tion may be summed up as follows :

1st. Its collection of the vertebrate animals of North America, in-

cluding skins, specimens entire in alchohol, and skeletons and skullS;,

is in every department, the richest in the world in materials for illus-

trating species and their geographical distribution.

Of invertebrate animals—as insects, shells, Crustacea, &c., plants,

minerals, rock specimens, and fossils—its collections from the western

half of the United States are incomparably superior to all others, while

from the eastern portion of the continent it has very good series, though
surpassed in the extent of the different divisions by a number of others,

both public and private. A single exception may perhaps be found in

the private cabinet of coleo[)tera belonging to Dr. Leconte, Avhich is by
far the richest known in the species of North America generally. It



60 REPORT OF ASSISTANT SECRETARY.

will, however, be a comparatively easy matter to complete the defi-

ciencies of the Smithsonian collection so as to furnish, in a few years,

as perfect a collection of the natural productions of North America
generally as could reasonably be expected. In most cases, it will be

merely necessary ibr the Institution to express a desire to possess such

collections from the Atlantic and middle portions of the continent to

have them offered spontaneously. Hitherto it has not been consid-

ered expedient to throw the doors open very wide for the reception of

the more common and better known species.

Of collections from other parts of the world, the Institution possesses

excellent series in many branches of natural history from Paraguay,

Chili, Europe, Siberia, China, Japan, South Africa, and the Pacific

ocean generally. The results of the Paraguay expedition under Cap-

tain Page, United States navy, and the Behring Straits expedition,

first under command of Captain Ringgold, and then under Captain

Rodgers, are of pre-eminent magnitude and value, far exceeding, in

many respects, those of any previous exploring parties to the same

region.

In illustration of the preceding remarks respecting collections in

North American zoology, it may be stated that the series of verte-

brata is almost complete, very few known species being wanting.

Skins of all the more prominent mammals, as buffalo, elk, deer of

five species, antelopes, mountain goats, bighorn or mountain sheep,

black, cinnamon, and grizzly bears, wolves, foxes, beaver, badger,

otters, prairie dogs, and marmots, peccaries, panther, jaguar, ocelot

or tiger cat, lynxes of four species, wolverine or carcajou, &c ,
are

now packed away within the walls of the Smithsonian Institution,

ready at any time to be mounted. All the species interesting to the

hunter, the traveller, the farmer, or the man of science can here be

examined or studied. The total number of North American species

cannot be less than two hundred, exclusive of bats, seals, and ceta-

ceans. Messrs. Audubon and Bachman describe about one hundred

and fifty North American species of mammals. This Institution pos-

sesses about one hundred and thirty of these ; and about fifty addi-

tional species have already been detected, although the examination

of the entire collection has not yet been completed.

Of North American birds, the Institution possesses nearly all de-

scribed by Audubon, and at least one hundred and fifty additional

sjjecies.

The registered and catalogued specimens of quadrupeds amount to

2,040, of birds to 6,055, of skeletons and skulls to 3,060, nearly all

North American. To these, however, must be added at least 2,000

North American quadrupeds in alcohol, and 1,200 birds not yet entered

Of reptiles, tlie North American species in the museum of the

Smithsonian Institution amount to between 350 and 400. Of the

150 species described in Holbrook's North American Herpetology, the

latest authority on the subject, it possesses every genuine species,

with one or two exceptions, and at least two hundred additional ones.

It has about 130 species of North American serpents for the 49 de-

scribed by Holbrook.
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Of the number of species of North American fishes, it is impossible
toform even an api)roximate estimate, the increase havingheenso great.

It will not, however, be too ninch to say that the Institution has be-

tween four or five hundred species either entirely new or else de-

scribed first from its shelves.

Of skeletons and skulls of North American vertebrata, the Smith-
sonian series is very full, embracing, as shown by a preceding table,

over 3,000 specimens.

The collection of minerals and fossils, (including those gathered
by nearly all the United States geological surveys, as by Dr. D. D.
Owen, C. T. Jackson, Foster and Whitney, Evans, &c.,) are all

carefully classed and catalogued, so as to correspond with and fully

illustrate the reports of these gentlemen. There is also a large col-

lection of geological specimens, made many years ago in New Mexico
and Texas, as well as in Sonora, Chihuahua, and other portions of
northern Mexico, which, with the accompanying notes, furnish indi-

cations of many mineral regions and mining localities now totally

unknown to the people of the United States. Hints are to be derived
from a careful study of this collection of the highest importance in

the development of the mineral region along the Mexican boundary
line.

It may, perhaps, be well here briefly to mention the government
expeditions, by which these collections were made from time to time,
under the authority of the departments. The present and preceding
reports contain much fuller details concerning them.

A.

—

Geological Surveys.

1. The survey of Wisconsin, Iowa, Minnesota, and a portion of
Nebraska, by Dr. David Dale Owen.

2. The survey of the Lake Superior district, by Dr. Charles T.
Jackson.

3. The survey of the same region, by Messrs. Foster and Whitney.
4. The survey of Oregon, by Dr. John Evans.

B.

—

Boundary Surveys.

5. The survey of the line between the United States and Mexico,
first organized under honorable J. B. Weller, as commissioner, and
Major W. H. Emory, as chief of the scientific department, then under
John R. Bartlett, commissioner^ and Colonel J. D. Grraham, chief of
the scientific corps, succeeded subsequently by Major W. H. Emory,
then under General R. B. Campbell, commissioner, and Major W.
H. Emory, chief of the scientific corps.

6. Tfie survey of the boundary line of the Gadsden purchase,
under Major W. H. Emory, commissioner.



62 REPORT OF ASSISTANT SECRETARY.

C.

—

Surveys of a Railroad roiite to the Pacific.

7. Along the 4*7tli parallel, under Governor I. I. Stevens.

8. Along the 38th and 39th parallel, under Captain J. W. Gun-
nison.

9. Along the 41st parallel, under Captain E. G. Beckwith.
10. Along the 35th parallel, under Lieutenant A. W. Whipple.
11. In California, under Lieutenant R. S. Williamson.
12. Along the 32d parallel, western division, under Lieutenant J.

G. Parke.
13. Along the 32d parallel, eastern division, under Captain J.

Pope.
14. In a portion of California, under Lieutenant J. G. Parke.
15. In northern California and Oregon, under Lieutenant R. S.

Williamson.

D.

—

Miscellaneous Expeditions under the War Department.

16. Expedition along the 32d parallel, eastern division, for experi-

menting upon artesian borings, under Captain Pope.

17. Exploration of Red river, under Captain R. B. Marcy.
18. Survey of Indian reservation in Texas, under Captain R. B.

Marcy.
19. Exploration of the upper Missouri and Yellowstone, under

Lieutenant G. K. Warren.
20. Construction of a wagon road from Fort "Leavenworth to

Bridger's Pass, under Lieutenant F. T. Bryan.

E .

—

Naval Expeditions under the Navy Department.

21. The United States naval astronomical expedition in Chile^

under Lieutenant J. M. Gilliss.

22. The Japan Expedition, under Commodore M. C. Perry.

23. Exploration of the China seas and Behrings Straits, first under
command of Captain C. Ringgold, then under Captain J. Rodgers.

24. Exploration of the La Plata and its tributaries, under Captain

T. J. Page.
25. Exploration of the west coast of Greenland and Smith's sound,

under Dr. E. K. Kane.
The preceding enumeration embraces the government explorations,

by wliich collections of various kinds were made to a greater or less

extent, and deposited with the Smithsonian Institution, in pursuance

of the law of Congress. The government expeditions, the collections

of which are now deposited at the Patent Office, are as follows :

1. The United States Exploring Expedition, under Captain Wilkes.

2. The geological surveys of the northwest in 1840, under'Dr. D.
D. Owen.

3. The exploration of the Salt Lake valley, under Captain H,
Stansbury.

4. The exploration of the Creek boundary line, and of the Zuni river,

under Captain L. Sitgreaves.
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5. The Amazon expedition under Lieutenants Herndon and Gibbon.

It will thus be seen, that of thirty government explorations, the

collections of five-sixtlis or twenty-four, are now deposited with the

Smithsonian Institution; the remaining ones, one-sixth in number,

are still in the Patent Office, though not all on exhibition. The same
proportion as above will pretty nearly indicate the comparative mag-
nitude of the collections in the two buildings. The disproportion in

favor ot the Smithsonian collections will be still greater if we except

the extensive series of implements, utensils, clothing, and fabrics^

generally of the Pacific islands, as collected by Captain Wilkes.

To realize the difference between the two collections, it must be un-

derstood that at the present time all the Smithsonian collections are

packed away in the smallest possible compass, very few specimens

mounted, the alcoholic collections crowded closely together in five or

six different rooms; the shells, minerals, fossils, &c,, necessarily-

boxed up and stowed away in basement rooms.

E.

—

Alphabetical Index of Additions to the Museum of the Smithsonian
Institution during the year 1856.

Professo?' Agassiz.—Three specimens Emys serrata i'rom. Charleston,,

South Carolina ; E. belli, E. troostii, and E. elegans from Osage river

;

E. mobilensis from Mobile.

Lieutenant Anderson.—One Bryophis, two Istiophorus, and ten skins-

of birds from Greytown, Nicaragua.

Dr. Antisell.—Two boxes fossils and minerals from California',

skeleton of rattlesnake and spermophile ; skin of toad from the Gila
river ; Hermit crab from Matagorda, Texas.

Charles Ashmead.—Salamandra tigrina from Beesley's Point, New
Jersey.

E. G. Atkinson.—Skin of spotted buffalo calf from Fort Pierre.

Captain N. Ativood.—Three fresh specimens of Euryale from Cape
Cod.

S. F. Baird.— Jbishes in alcohol ; skeletons and jaws of fishes
;

small mammals from Beesley's Point, New Jersey, and Carlisle,

Pennsylvania.
M. Baker.—Skins of fisher or black cat (3Iustela canadensis) and

weasel;, skulls of bear, deer, minks, otter, fisher, and martin, from
Essex county, New York.

Er. Baldwin.—Bottle insects, living Testudo pohjphemus or gopher
and Geomys p)inetis or salamander, from Jacksonville, Florida.

J. G. Bell.—Box with two rabbits {Lepus sylvaticus) from Wis-
consin.

C. Bellman.—Mollusca from Biloxi, Mississippi.

Dr. J. H. Benton and W. E. Guest.—Lucioperca, with tumor on
head.

Dr. George B. Bibb.—Blind fish and Crustacea from the Mammoth
Cave, Kentucky.

Dr. E. C. Bidioell.—Skins of birds and mammals, fossils, and
shells, from Iowa.
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Don J. B. Bohadilla.—Fragment of tusk of mastodon from Mexico,

called by Dr. Weidner Duranzotlierium hohadillense.

Cajytain A. Bowman, U. S. A.—Specimens of cochineal collected

near Fort Stanton, New Mexico, lat. 34°.

J. and A. Brakeley.—Skins of deer and other mammals, skulls of

mammals, living rattlesnakes, young Lynx rufus in flesh, bones of

deer, turkey buzzard, from western Virginia.

Dr. F. Brandt.—Twelve skins Siberian mammals from eastern

Siberia.

Dr. T. M. Brewer.—Mammals from Massachusetts.

J. H. Brickensfein.—Living terrapins from eastern Pennsylvania.

•7. L. Bridger. —Living snakes, terrapins, fox squirrels, from North
Carolina.

J. S. 0. Brooks.—Crystallized salt from Kanawha, Virginia.

Dr. George G. Broion.—American amadou from New Jersey.

Samuel Brugger.—One can reptiles and fishes from Potter county,

Pennsylvania.
Lieutenant F. T. Bryan, U. S. A.—Six boxes, one keg, containing

alcoholic specimens, birds, mammals, and skeletons, from United
States wagon road expedition to Bridger' s Pass.

W. H. K. Burgioyn.—Geomys or "salamander" from Florida.

Rev. John Burke.—Minerals and fossils from Fort Washita.

Dr. George Cahanis.—Living land turtle, roots of Tuckahoe from
Virginia.

Dr. J. Cahanis.—Skins of Vireo from Brazil.

E. N. Byram.—Mice and moles from Long Island.

Albert Campbell.—Fossil plant from Santa Inez, California.

Major J. H. Carleton, U. S. A.—Two foetus of buffalo from the

plains.

Albert Carrington.—Coals from Utah.
M. Carter.—Ceanothus occidentalis from Oregon.

J. Cassin.—Skins of Loxia leucoptera and Americana.
General Churchill, U. S. A.—Four living gophers, (Testudo poly-

jphemus,) four Emys terrapin, Echineis, Syngnathus, and serpents
;

seeds of plants, from Georgia and Florida.

Dr. J. G. Cooper.—Mammals, birds, and plants from California

and Washington Territories. Living turtles from Panama.
William Cooper.—Eighteen skins of mammals.
E. T. Cox.—Skin of Labrax from Indiana.

Rev. M. A. Curtis and Sons.—Skins of Sigmodon, Reithrodon, and
Hesperomys, mammals and reptiles in alcohol, from South Carolina.

H. Davis.—Mammals and birds from Waterville, New York.

J. W. Dawson.—Specimens o? Jacidus from Nova Scotia.

H Denny.—Mammals, reptiles, fishes, and fossils, from Eng-
land.

W. C. Dickinson.—Menobranchus from Portage Lake, Lake Supe-

rior.

0. M. Dorman.—Shells from Michigan and Illinois. Shells and
Crustacea from Florida.

J. Downes.—Skin, Lepus glacialis, from Newfoundland. Sespe-

romys from Nova Scotia.
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Dr. J. D. Easter.—Three skins of mice from Virginia. Cardinalis

Virginianus (red bird) in flesh from Harper's Ferry.

Major W. H. Emory, U. S. A.—Mammals and birds, reptiles and

fishes, insects and shells, collected by Arthur Schott, from San Diego,

via Camp Yuma, to El Paso.

Dr. Engdmann.—Cask of fishes and six skins squirrels from St.

Louis.

M. Evans.—Remiramphus and Ailurichtliys from Panama. Box
of Bolivian birds. Deposited.

W. A. Fry.—Sulphate of lime encrusted with quartz from the

Andes.
D. W. Gesner.—Jar reptiles and mammals, skulls, from western

Georgia.

A. J. Grayson.—Birds, mammals, fishes, and eggs, from Cali-

fornia.

Dr. S. E. Hale.—Skins and skulls of mammals from Essex county,

New Yorl^.

Dr. John P. Hall.—Deformed pig from Fairfax county, Virginia.

A. C. Hamlin.— Cast of ancient inscriptions on rock from Maine.

Casts of fossil cetacean from Bangor.

Dr. J. F. Hammond, U. S. A.—Birds and mammals from California.

Dr. W. A. Hammond, U. S. A.—Box of minerals and jar of alco-

holic specimens from Kansas.

Dr. G. Hartlauh.—Skins of Siberian mammalia, skins of birds of

Mexico and Cuba.
M. Harvey.—Minerals from Hampshire county. New Hampshire.

Dr. F. V. Hayden.—Skins of birds, skins and skulls of black-tail

deer, antelope, mountain sheep, beaver, prairie dogs, and other mam-
mals ; reptiles, fishes, and mammals in alcohol ;

shells, fossil re-

mains, &c., collected in 1854 and 1855, on the Upper Missouri.

John Hitz.—Cones and seeds of Pinus cembra from Switzerland.

Dr. Horner, U. S. N.—Box of minerals.

J. Hotchkiss.—Fossil bone of deer from Virginia.

Robert Hoivell.—Specimens of mammals from Tioga county. New
York.

Dr. P. II. Hoy.—Box Indian antiquities from Wisconsin.

Dr. C. L. Hunter.—Rutile and Lazulite from North Carolina.

Sir W. Jardine.—Mammals, fishes, reptiles, &c., from England.
Lepidosiren annectens from Africa.

Captain T. A. Jenkins, U. 8. N.—Minerals and rocks from Gay
Head.

J. W. P. Jenks.—Mammals from Middleboro', Massachusetts.

W. Jenks.—Silicified wood from Alexandria, Virginia.

Dr. Joseph Jones.—Reptiles and mammals in alcohol, from Colonel's

island, Georgia.

J. R. Joynes.—Living plants from the eastern shore of Virginia.

K. L. C. Akademie der Natur/orscker , Breslau.—Minerals from

Germany.
. Robert Kennicott.—Mammals, reptiles, and fishes, skins and in

alcohol, living serpents, salamanders, and mammals, from Illinois.

5 s
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Dr. J. P. Kirtland.—Skins Bombycilla garrula, 1 jar of fishes,

skin of wolf and squirrels from Cleveland,, Ohio.

J. Lippman.—Minerals, (148 specimens;,) from Schwarzenherg,

Saxony.
B. 0. Loiondes.—Arvicola pinetorum (field mouse) from Bladens-

hurg, Maryland.
S. M. Lidlier.—Eggs, shells and skin of mink from Portage county,

Ohio.
J. M. Cue.—Fossil bones of deer and woodchuck from Augusta

county, Virginia.

R. B. Marcy, U. S. A.—Box of minerals and fossils from Fort

Belknap.
A. W. Massey.—Skins of raccoon, gray fox, and jar of mammals

from Spottsylvania, Virginia.

Maximilian., Prince of Wied.—Skins of European mammals.
Professor F. Merrich.—Fossil fishes from Delaware, Ohio. De-

posited.

Dr. Ed. Merrill.—2 packages moss from Louisiana.

D. Miller, jr.—Living fox squirrel from Pennsylvania.

31r. Milton.— Coins from Michigan.

Professor MUcliell.—Reptiles, fishes and mammals from Tennessee.

Carlton R. Moore.—Deformed antlers of Cervus viryinianus.

W. 3Ioss.—Specimens of Scarabceus tifyus from near Washington.

Dr. J. S. Neivherry.—Wmevah, fossil fishes, and reptiles from

Ohio, skull of beaver from Lake Superior, skins of cinnamon bear^

black bear, and young grizzlis from Oregon.

Dr. Neivcomb.—100 species and 40 varieties of AcJiatinella from the

Sandwich Islands.

Judge C. Neivton.—Arvicola and Hesperomys in alcohol from Ohio.

New Orleans Academy of Natural Sciences.—One keg of serpents,

and .skins of squirrels from New Orleans.

Dr. Nichols.—Racoon from California.

John E. Nitchie.—Box minerals {Lead ores) from Shelburne, New
Hann)shire.

Lieutenant Nugen, U. S. A.—Skins of mountain goat from Cascade

moautains, Oregon.
B. F. Odell.—Box with skins of mammals, lynx, rabbit, &c., from

Iowa.
Captain Page, U. S. N.—Skin of ant-eater and goat, tank of alco-

holic specimens, 4 bales plants from Paraguay, box birds, keg con-

taining skin of Jaguar, Myopotamus, and armadillo from the Salado

river, Paraguay.
Edward Palmer.—Reptiles, fishes and insects from Paraguay.

J. T. K. Plant.—Shells and miscellanea from Washington.

Professor Poey.—Solenodon paradoxa. Skull of Caprornys, Emys
decn^sata, and 7'ugosa, from Cuba.

Captain Pope, U. S. A.—M boxes of collections in all departments

of natural history from the Llano Estacado, of Texas.

J. P. Postell.Skina and skulls, mammals, shells, from Georgia.

J. IV. Raymond.—Living plant, Espiriio santo, from Panama.

Large grasshopper from Asjjinwall.
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Peter Reid.—Portions of tliree specimens, Tamias striatus, from.

New York.

J. L. Reynolds.—Menohranchus , from Portage Lake.

Dr, J. L. Riddel.—Skin of Sciurus magnioaudatus from Missouri.

Captain Badgers, U. 8. N.—20 boxes, 9 kegs, one bale natural his-

tory collections from the Pacific coast.

Alexander P. Ross.—Slab sandstone from Pictou, Nova Scotia.

Joseph Rowell.—Box of shells, sloth and reptiles in alcohol, from
Panama.
E. Samuels.—Birds, mammals, skeletons, plants, reptiles, and

fishes, from Petaluma, California.

Mr. Savery.—Specimens of birds and mammals from Florida. (De-

posited in part,)

Dr. B. F. Shumard.—Salamandra c^utinosa from Missouri.

Dr. J. M. Skues.—Skin Lepus gladalis from Newfoundland.

J. W. Sinith —Crustacea, and young rabbits from Florida.

W. A. Smith.—Two Iguanas from Nicaragua.

William Spence.—Large slab with coal fossils from Coalport, Ohio.

Dr. H. H. Stabb.—Two polar hares, 4 ptarmigans, 1 pine grosbeak,

in flesh, from Newfoundland.
J. Stau.ff'er.—Bottle of reptiles from Lancaster county, Pennsyl-

vania,

Dr. C. W. Stevens.—Skull of grizzly bear from upper Missouri.

(Deposited.)

Captain Stone.—Shells from near Santa Barbara, CpJifornia.

Dr. Swift, U. S. A.—Dned plants, reptiles, insects, skins of birds^

five maniiuais, sediments of rivers, from Fort Chadbourne, Texas.

Dr. George Sackley, U. S. A,—2 boxes mammals, birds, reptiles,

fishes, and insects from Steilacoom; box of shells, skins, birds, mam-
mals, from Panama and San Francisco.

A. 8. Taylor.—Specimens of sediments, insects, reptiles, and fishes,,

gophers and minerals from Monterey, California.

iliss Helen Ttunison,—Keptiles, fishes, and mammals, from Monti-
cello, Mississipi)i,

«/. F. Tluvkntun.—(For the institution of Natural History, Measd--

ville, Pennsylvania.) Can mammals and reptiles in alcohol, bosi

minerals, from Meadville, Pennsylvania.

3lajor 0. H. Thomas, and Lieutenant Dubarry, U. S. A.—12 jars;

mammals aud reptiles, one Phyllostome bat from Fort Yuma, Cali-

fornia.

Professor Z. Thompson.—Specimens in alcohol of small mammalia
from Burlington, Vermont.

Dr. D. To.tipkins.—Perforated stones, used by Indian in games.
From the banks of tbe Roanoke river.

Lieuiemrtt IV. P. Troiv(>ridge U. S. A.—Skins of birds and mam-
mals, can of fislies, from San Miguel, California ; skeleton of sea lion

from Sati FraucisGo.

N. Tru'jittr.—280 microscopic slides of insects prepared by A.
Heeger, Vienna.

• Colonel Tulny.—Fresh skin of Cervus dama, (Fallow deer,) from
Clark County, Virginia.
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Dr Thomas T. Turner.—Cretaceous fossils from Nanaimo, gulf of
G-eorgia, Vancouver's island.

Dr. VoUum, U. S. A.—Plants from Fort Belknap, Texas.

Bev. L. Vortisch.—Ancient German antiquities from Saxony.
31. Walker.—Jar reptiles and insects from Nebraska.
H. Mactier Warjield.—100 specimens of birds from Australia, Or-

nithorhynchus and Petaurus.
Lieutenant G. K. Warren, TJ. S. A.—48 boxes, collections in all

departments of natural history, from the upper Missouri.

Mr. Watson.—Miscellaneous bones and part of skeleton of horse

from Nebraska.
David Welsh.— Jaws of Myliobaiis and gophers from Florida.

A. White.—Specimens of filterings and sediments for microscopic

examination from Cazenova, New York.
John R. Willis.—Box of shells from vicinity of Halifax, Nova

Scotia.

Mr. Wilson.—Specimens of vegetable fibre from Jamaica.
Dr. D. D. Wilson through Dr. J. S. Newberry.—Coal plants and

fossil remains, from Missouri.

Dr. S. N. Wilson.—Skins, mammals, alcoholic specimens, and
shells, living terrapins, from Georgia.

W. 8. Wood.—See Bryan.
Charles Wright.—Seeds and dried plants, 12 jars reptiles, and in-

sects from Nicaragua.

G. Wiirdemann.—Shells, eggs, and alcoholic specimens from
Florida.

Washington Market.—Sargus ovis from Norfolk. Living Emys
ruhriventris, young sturgeon, fresh white fronted goose, muskrat, Fu-
ligula coUaris, from Potomac river.

Ud. 0. Younger.—Reptiles from Washington.
Unknown.—Box of European birds.

?.—Fishes from Puget's sound.
?.—Box water-worn pebbles.
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LIST OF METEOROLOGICAL STATIONS AND OBSERVERS

FOR THE YEAR 1856.

NOYA SCOTIA AND CANADA.

Name of observer.
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MASSACHUSETTS.

Name of observer.
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NEW YORK—Continued.

71

Name of observer. Station.

Felt, John
French, John R
Gorton, J. S
Greene, Prof. Dascom.

Guest, W. E
House, J Carroll

Johnson, E W
Kendall, John F
LefTerts, John
Lobdell, Mrs. M. J...

Malcohn. Wm. S
Morehouse, A. W
Morris, Prof. 0. W...
Norton, J. H
Pernot, Claudius

Pratt, W. C.

Heed, Edward C
Ri-id, Peter

Riker, Walter H
Root, Prof. O
Sanger, Dr. W. W...
Sartwell, Dr. H. P...
Spooner, Stillmau

Smith, J. Metcalf

Taylor, Jos. W
Tourtellot, Dr. L. A.

.

Van Kleek, Rev. R. D.
White, Aaron.
Williams, Dr P. 0..
Wilson, Rev. W. D.
Woodward, Lewis

Yale, Walter D

Liberty.

Mexico
Westfanns
Ti-oy.-

Ogdensburgh.

.

Lowville.

Canton
Pompey Hill-.

Lodi
North Salem..
Oswego
Spt^ncertown..

New Yorlt

Plainville

Fordham
Rochester

Homer
Lake P.

Saratoga
Clinion.

Blackwells Island

Penn Yan
Wampsville ..

McGrawviile..
Plattsburgh ..

Utica

Flatbush
Cazenovia
Watertown
Geneva
West Concord
House ville

County.

Sullivan

Oswego. —
Westchester
Rensselaer

St. Lawrence
Lewis
St Lawrence
Onondaga
Seneca
Westchester
Oswego—
Columbia
New York
Onondaga
Westchester
Monroe
Courtland
Washington
Saratoga

Oneida

Yates
Madison .

.

Courtland
Clinton ..

Oneida
Kings
Madison..
Jefferson .

Ontario ..

Erie

Lewis

NEW JERSEY.

Cooke, R. L.

Dodd, C. M
Frost. Adolph )

Schmidt, Dr. E. R..
j

Whitehead, W. A

Bloomfield.

Salem

Burlington

Newark ...

N. lat. W. long.

41 45
43 27

40 53

42 44
44 43

43 46

44 38

42 37

41 20

43 28

42 19

40 43

43 00

40 54
43 08

42 38

43 15

42 00
43 00
40 45
42 42

43 04
42 34

44 40
43 07

40 37

42 55

43 56

42 53
43 00

43 40

o /

74 45
76 14

Height.

75 26

75 38

75 15

76 53
73 38

77 34
73 41

74 05

77 51

76 11

73 33

74 00
75 20

73 57

75 50

75 15

74 01

75 46
75 55

77 02

79 00
75 32

Essex
Salem

Burlington

Essex

40 49
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PENNSYLVANIA—Continued.

Name of observer. Station. County. N. lat. W. long.

Hobbs, 0. T.

Jacobs, Rev. M
James, Cbarles S

Kirkpatrick, Prof. J. A
Kohler, Edward
Ralston, Rev. J. Grier.

Schreiner, Francis

Scriba, Victor

Smith, Prof. Wm
Swift, Dr. Paul
Tbickstun, J. F
Wilson, Prof. W. C...
Wilson, W. W

Randolph
Getty.sburg

Lewisburg
Philadelphia

North Whitehall
Norristown
Moss Grove
Troy Hill

Canonsburg
West Haverford.

Meadville
Carlisle

Pittsburgh

Crawford
Adams
Union
Philadelphia-

Lehigh
Montgomery.
Crawford
Alleghany
Washington .

Delaware
Crawford
Cumberland .

Alleghany

41 28

39 51

40 58

39 57

40 40
40 08

41 40

80 10

77 15

76 58

75 11

75 19

79 51

40 25

40 00
41 39

40 12

40 32

80 07

75 21

80 11

77 11

80 02

DELAWARE.

Crawford, W. A
Craven, Thos. J

Martin, R. A.

Newark

.

New Castle. 39 38 75 47

MARYLAND.

Baer, Miss H. M
Goodman, W. R
Hanshaw, Henry E
Lowndes, B.

Pearce, James A., jr. ..

Stagg, T. G
Zumbrock, A , M. D. ..

Shellman Hills..

Annapolis
Frederick

Bladensburg
Chestertown
Ridge
Annapolis

Carroll ..

Anne Arundel.
Frederick

Prince George.
Kent
St. Mary's
Anne Arundel.

39 23
38 58
39 24
38 57

39 14

38 58

76 57
76 29

77 18

76 58
76 02

76 29

VIRGINIA.

Astrop, Lieut. R. F. ..

Beckwith, T. S., M. D.

Clarke, James T
Couch, Samuel
Ellis, D. H.
Fauntleroy, H. H
Hallowell, Benjamin..
Hoff, Josiah W
Hotchkiss, Jed
Kendall, James E
Kownslar, Miss Ellen..

Marvin , John W.
Patton, Thomas, M. D.

Purdie, John R
Quincy, W C
Euffin, Julian C
Ruffner, David L
Skeen, William
Webster, Prof. N. B...

Crichton's Store.

Garysville

Mount Solon
Ashland
Crack Whip
Montrose
Alexandria
Wirt C. H
Mossy Creek
Charleston .

Berryville

Winchester
Lewisburg
Smithfield

West Union
Ruthven
Kanawha
Huntersville

Portsmouth

Brunswick
Prince George.
Augusta
Putnam.
Hardy
Westmoreland.
Alexandria. ..

Wirt
Augusta.
Jefl'erson

Clark
Frederick

Greenbrier

Isle of Wight-
Doddridge.
Prince George.
Kanawha
Pocahontas
Norfolk

36 40 77 46

38 38

39 30
38 07

38 48
35 05

39 35
38 20

39 09

39 15

38 00
36 50
39 15

37 21

37 53
39 30

36 50

81 57

76 54

77 01

78 30

81 21

78 00
78 10

80 00

7G 41
81 00
77 33

76 19
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NORTH CAROLINA.

73

Name of observer.
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LOUISIANA.

Name of observer.
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OHIO—Continued.

75

Name of observer.
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MISSOURI.

Name of observer.
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MINNESOTA.

77

Name of observer.
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HErORT OF THE EXECUTIVE COMMITTEE.

The Executive Committee submit the following report of the state

of the finances of the Smithsonian Institution, the expenditures during
the year 1856, and an estimate of receipts and appropriations for 1857.
The whole sum appropriated for the current expenses of the Insti-

tution for the year 1856, including the remaining payment on the
building, was thirty-nine thousand dollars. The actual expenditures
for the several items do not materially differ from those specified in

the estimate submitted by the committee and adopted by the Board.
The whole sum expended was $38,158 90, which is less than the
amount appropriated by $841 10.

A committee was appointed February 24, 1855, consisting of Messrs.
English, Pearce, and Mason, to consider the best means of investing the
extra fund, Mr. Corcoran having signified his intention to relinquish

the charge of the money deposited with him. After due consulta-

tion, the committee concluded to recommend the purchase of State
stocks. This being agreed to by the Board, at a subsequent meeting
the Secretary was instructed to make the purchase under the direction

of the Finance Committee. An account of the transaction under this

resolution is given in the report of the Hon. Mr. English of that com-
mittee.

It will be recollected that the extra fund amounted to one hundred
and twenty-five thousand dollars, and from the report of Mr. Eng-
lish it will be seen that of this sum one hundred and nineteen thou-
sand four hundred dollars have been expended in the purchase of

State stocks ;
that six hundred dollars remain in the hands of

Messrs. Riggs & Co. ; and that five thousand dollars of that fund,
applied in 1855 to the payments on the building, is now in the treas-

ury. There is, therefore, five thousand six hundred dollars of the
extra fund uninvested. It is, however, not advisable to invest this

immediately, because the half-yearly income of the Institution is not
receivable until the first of July, and it is necessary to retain a suffi-

cient sum in tiie treasury to meet the payments for paper, i)rinting,

&c., for the next volume of Contributions, which cannot be post-

j)oned.

The folloAving is a general statement of the fund

:

The whoje amount of the Smithsonian bequest dej)osited

in the treasury oi the United States (from which an
annual income, at 6 per cent., of $30,910 14 is de-

rived) is $515,169 00
Extra fund Irom unexpended income, now

invested in State stocks, yielding an an-
nual interest of $7,380 $119,400 00

Extra lund de})()sited with liiggs & Co.,

to be invested 600 00
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Amount in the treasury, being part of the

extra fund of accumuhited interest, de-

signed to be invested, and which, witli

the above sums of $119,400 and $(;00,

will make the amount $125,000, appro-

priated for the increase of the perma-

, '^entfund |5,000 00
'

$125,000 00

Balance in the hands of the treasurer January 1, 1857,

$7,164 32, from which deduct the $5,OUO belonging to

the extra fund 2,164 32

$642,333 32

The following is a general view of the receipts and expenditures

during the year 1856 :

RECEIPTS.

Balance in the hands of the treasurer Jan-

uary 1, 1856, of which $5,000 belongs to

the extra fund* $S,189 75

Interest on the original fund ($515,169)

for 1856 30,910 14

Interest on the extra fund from

Corcoran & Riggs, while on

deposit $2,533 33

Interest on the extra fund since

investment in State bonds... 3,690 00
6,223 33

$45,323 22

EXPENDITURES.

For building, furniture, fixtures, &c. $7,891 04

For items common to the objects of the

Institution 12,8.59 28

For publications, researches, and lectures. 7,876 23

For library, museum, and gallery of art... 9,632 35
$38,158 90

Balance in the hands of the treasurer January 1, 1857,

of which $5,000 belongs to the extra fund 7,164 32

» Reduced nine cents, to correct an error in last, statement.
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The following is a detailed statement of the expenditures during
1856:

BUILDING, FURNITURE, FIXTURES, ETC.

Pay on contracts, &c $6,036
Kepairs and miscellaneous incidentals to

building 1,359
Furniture and fixtures for uses in com-
mon

Furniture and fixtures for library

Furniture and fixtures for museum
Magnetic observatory

Grounds

23

198
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LIBRARY, MUSEUM, AND GALLERY OF ART.

Library

:

Cost of books $3,692 05

Pay of assistants 1,728 00

Transportation 451 39

Incidentals 152 50

Museum

:

Salary of assistant secretary 1,999 92

Explorations 158 25

Collections 220 08

Alcohol, glass jars, &c 352 64

Transportation 349 96

Assistance and labor 327 00

Gallery of art 100 50
|9,532 35

,158 90

The committee present the following estimates of receipts and ex-

penditures for the year 1857 :

RECEIPTS.

Balance in the hands of the treasurer Jan-

uary 1, 1857, (exclusive of $5,000 be-

longing to extra fund) $2,164 32

Interest on the original fund ($515,169)

for 1857 ;
30,910 14

Interest on the extra fund invested in State

stocks 7,380 00
$40,454 46

EXPENDITURES.

Building, furniture, fixtures, d:c.

:

Repairs, additions, and miscellaneous

incidentals $1,000 00
Furniture and fixtures for uses in com-
mon 600 00

Furniture and fixtures for library 350 00
Furniture and fixtures for museum... 200 00
Magnetic observatory 60 00

GENERAL EXPENSES.

Meetings of Board and committees $250 00
Lighting and heating 1^800 00
Postage 550 00
Transportation and exchange 1,600 00

6s

5,210 00
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Stationery

General printing

Apparatus
Laboratory
Incidentals, general

Salaries—Secretary

Chief clerk

Book-keeper
Janitor

Watchman
Laborers

Extra clerks

PUBLICATIONS, RESEARCHES, AND LECTURES.

|120
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treasurer has sometimes been obliged to overdraw on the bankers of the

Institution, whereas the six thousand dollars, reserved from appro-

priation and left in the treasury during the present year, will enable

the Secretary and Executive Committee to defray all expenditures

without subjecting the Institution to charges for interest on over-

drafts.

The committee report, also, that they have examined all the ac-

counts and vouchers and compared them with the books, and find them
all correct.

Respectfully submitted

:

J. A. PEARCE,
A. D. BACHE,
J. a. TOTTEN,

Executive Committee.
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REPORT or THE BUILDING COMMITTEE.

The Building Committee of the Smithsonian Institution present the

following report of their operations and expenditures during the year

1856.

At tlie date of the last report of the committee, the building was
considered finished, hut it has been thought best, during the past

year, to make a series of additional drains from the principal windows
and doors of the basement to the main sewer, which passes under
ground from the extreme east end of the building along the middle
of the cellar to the west end of the principal edifice, and thence

through the grounds to another sewer emptying ifito the canal. The
length of these additional drains in the aggregate amounts to about
jseven hundred and thirty-three feet. They were necessary to carry

oiF the water which descends through the spouts from the roof, and
;the rain which falls into the sunken spaces exterior to the windows
and doors of the basement. They are constructed of brick, and sup-

plied in each case with a traj) to prevent the escape of offensive

.efiluvia.

During the last summer, according to the statement of the Secretary,

a very disagreeable odor was perceived in the east wing of the build-

ing, which was readily traced to the main sewer. It was observed to

be more intense at certain times than at others, and after considerable

examination was found to depend on the tide wave of the Potomac,

which enters the extreme mouth of the sewer, condenses the con-

tained air, and forces it back to the extremity of the drains, where it

escapes through the minute crevices of the encasing brick-work. The
cause of the difficulty having been discovered, a remedy was readily

suggested. This consisted in tapping the main drain before it reached

the building, and erecting over the opening a chimney communicating

•with the exterior atmosphere. Through this the condensed air

escapes, the internal pressure is relieved, and the disagreeable efilu-

wium is no longer forced into the building.

The attention of the Building Committee has also been directed by

llie Secretary to the fact that, in the original plan of the edifice, it

was intended to provide for the drainage in a manner differing from

the present mode. For this purpose, three large cylindrical excava-

tions were made in the ground, two on the front, and one in the rear

of the building. They are each about nine feet in diameter, thirty

feet deep, cased with brick, and covered with planks and earth. Fear

has been expressed that the wooden coverings of these wells may de-

cay, and that accidents may occur from the breaking through of car-

riages. The committee would, therefore, recommend that the.y be

either filled up, or permanently secured by a dome of brick over each

The latter plan is preferred, both on account of cheapness and the



REPORTS OF COMMITTEES. 85

fact thcat one of the excavations may hereafter be used as an ice-

house, and the others for investigations connected with subterraneous

temperature and other physical phenomena.

From the statement of the accounts given by the Executive Com-
mittee it will be seen that the following sums have been expended on

the building, viz

:

Pay on contracts, &c $6,036 38

Kepairs and miscellaneous incidentals 1,359 23

The first item includes the amount paid the original contractor,

Gilbert Cameron, to close his account, and also for the drains and

other permanent additions to the building. The second item includes

all the sums paid for work done on the roof, and for repairing and
painting all the water-courses lined with tinned iron.

Eespectfully submitted,
WM. H. ENGLISH,
JOSEPH HENRY,

Building Committee.
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JOURNAL OF PROCEEDINGS

OP THE

BOARD OF REGENTS
Of

THE SMITHSONIAN INSTITUTION.

JUNE 18, 1856.

The Board of Regents met this day at 11 o'clock, in the hall of the
Institution.

Present : Hon. R. B. Taney, Chancellor, Hon. J. A. Pearce, W.
H. English, H. Warner, A. D. Bache, Wm. B. Magruder, and the

Secretary, and by special invitation Mr, W. W. Corcoran. The Sec-

retary stated that Dr. W. B. Magruder, having been elected Mayor
of the city of Washington, is ex officio a Regent of the Institution,

and therefore takes his seat in the Board.
Mr. English, from the Finance Committee, made the following

report.

The Committee on Finance charged by the resolution of March 8,

1855, with the duty of enquiring into and reporting upon the pro-

priety and manner of permanently investing the money of the Insti-

tution now in the hands of Messrs. Corcoran and Riggs, respectfully

report

:

1st. That in the judgment of the committee the best disposition to

make of said fund would be to add it to the funds of the Institution

already in the treasury of the United States, and to that end, your
committee recommend that application be made to Congrese for an
act authorizing such addition.

2d. As the money is at present yielding the Institution no interest,

your committee further recommend, that for the time being, and until

favorable action can be procured by Congress in relation to receiving

said extra fund into the United States treasury, the same be invested,

under the direction of theFinance Committee, in the stocks and bonds of

such sound interest paying States, and at such rates as the Board of

Regents may select and determine.

All of which is respectfully submitted.
The following resolutions were offered :

Resolved, That the report of the Committee on Finance be con-

curred in, and that the Chancellor appoint a committee to make ap-

plication to Congress for an act authorizing the receijit of the extra

fund into the treasury of the United States.

Andfurther he it resolved, That until such action by Congress can
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be procured, the Committee on Finance invest said fund, in the name
of the Regents of the Smithsonian Institution, in such bonds and
jstocks as are mentioned in the following table, and at such rates, in-

cluding brokerage, as will not exceed one per cent, above the rates

mentioned in said table, viz :

35,000 Virginia 6 per cent, bonds at 95 cents.

36,000 Pennsylvania 5 " " at 85 ''

36,000 Indiana 5 " '' at 85 ''

36,000 Missouri 6 '' '' at 85 ''

On motion of Dr. Magruder, the report of the committee was ac-

cepted, and the resolutions were adopted.

The Chancellor appointed Hon, J. A. Pearce, of the Senate, and
Hon. H. Warner, of the House of Representatives, a committee to

make application to Congress for an act authorizing the receipt of the
•extra fund into the treasury of the United States.

The Board then adjourned to meet at the call of the Secretary.

WEDNESDAY, July 9, 1856.

The Board of Regents met this day in the committee room of the
Library of Congress.

Present: Hon. J. A. Pearce, James M. Mason, S. A. Douglas, W.
H. English, H. Warner, A. D. Bache, and the Secretary.

The Secretary stated that Mr. Corcoran had informed him that he
could not purchase the stocks directed to be bought by the Board at
its last meeting at the prices limited by the resolution of June 18,
1856.

On motion of Dr. Magruder, it was resolved that the Secretary,

under the direction of the Committee on Finance, be instructed to

purchase the said stocks at the market rate, and if any of said stocks

have advanced in price, the Secretary, under the instruction of said

committee, may invest in other stocks at discretion.

The Board then adjourned sine die.

ELEVENTH ANNUAL SESSION.

JANUARY 21, 1857.

In accordance with a resolution of the Board of Regents of the

Smithsonian Institution, fixing the time of the beginning of their an-
nual meeting on the third Wednesday of January of each year, the

Board met this day in the hall of the Institution.

Present: Hon. J. A. Pearce, Hon. W. H. English, Hon. B. Stan-
ton, Professor Bache, and the Secretary.

No quorum being present, the Board adjourned to meet on Satur-

day, January 24, 1857, at 11 o'clock a. m.
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JANUARY 24, 1857.

The Board met this day at 11 o'clock a. m.

Present : Hon James A. Pearce, Hon. S. A. Douglas, Hon. W. H.
English, ;Hon. B. Stanton, Hon. George E. Badger, Hon. W. B.

Magruder, Professor C. C. Felton. and the Secretary.

In the absence of the Chancellor Mr. Pearce was called to the chair.

The minutes of the meetings of June 18, July 9, 1856, and of Jan-

uary 21, 1857, were read and approved.

Eon. Mr. English, from the Committee on Finance, presented the

following report.

The Committee on Finance, charged by resolutions of the Board of

Eegents with the duty of permanently investing the extra fund of the

Institution, beg leave to report that, in accordance with the resolution

of July 9, 1856, there have been purchased stocks and bonds of the

States of Indiana, Virginia, and Tennessee, amounting in the n.ggre-

gate to $135,500, and at a cost of $119,400, from which shouldbe

deducted the interest, accrued at date of purchase, say $1,000, leaving

the nett cost to the Institution $118,400.

The annual interest upon these stocks and bonds amount to $7,380,

whereas, the interest upon the purchase money, as heretofore invested,

was but $5,920, making an annual gain to the Institution in the item

of interest of $1,460.

For further and full particulars, the committee refer to the follow-

ing report made to them by the Secretary of the Institution.

To the Committee on Finance of the Board of Regents of the Sm,ith-

sonian Institution.

Gentlemen : In accordance with the resolution of the Board of Re-

gents, adopted July 9th, 1856, authorizing the Secretary, under the

direction of the Committee on Finance, to purchase State stocks for the

Institution with the extra fund, I respectfully submit the following

report:

With the assistance of the Hon. Mr. English, and under the direc-

tion of the Committee on Finance, there have been purchased,

Indiana five per cent, bonds, amounting to.. $75,000 for $63,000 00*

and under the direction of the committee and
through the agency of Messrs. Riggs & Co.

Virginia, six per cent, bonds, amounting to 53,500 for 49,832 50

including commission, and also of

Tennessee six per cent bonds 7,000 for 6,567 50-

There remains of the extra fund in the hands of Riggs & Co., $600,

which, together with the $5,000 drawn from this fund in 1855 to meet

payments on the building, and which may be repaid from the balance

now in the treasury, will make the $125,000 intended to be invested.

The interest for six months received at the beginning of this year

on these State stocks, was -^
•• $3,690 00-

The interest received from Messrs. Corcoran & Riggs on

the extra fund previous to the investment was 2,533 33

Total interest on the extra fund, during 1856 $6,223 33-
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The stock now owned by the Institution will yiekl, during the pre-

sent year, (1857;) an interest of $7,380.
_

All of which is respectfully submitted,

JOSEPH HENRY,
January 21, 1857. Secretary.

On motion of Dr. Magruder, the report was accepted and adopted.

The statement of the treasurer for 1856 was presented and referred

to the Executive Committee.

Hon. Mr. English presented the report of the Building Committee,

which was accepted.

On motion of Dr. Magruder, the Secretary was authorized to have

the cisterns referred to in the report of the Building Committee se-

curely arched over with brick, and one of them to be properly ar-

ranged for an ice-house.

The Board then adjourned to meet on Monday morning, at 10

o'clock a. m.

MONDAY, January 26, 1857.

A meeting of the Board of Regents was held this day at 10 o'clock

a. m.
Present: Hon. James A. Pearce, Hon. James M. Mason, Hon. S.

A. Douglas, Hon. Wm. H. English, Hon. Benjamin Stanton, Pro-

fessor C. C. Felton, and the Secretary.

The minutes of the last meeting were read and approved.

On motion of Mr. Mason, it was
Resolved, That the funds of the Institution deposited with Messrs.

Corcoran & Riggs, for the current expenses of the Institution, be

placed in the hands of Messrs. Riggs & Co., successors to Messrs.

Corcoran & Riggs.

Mr. Pearce presented the report of the Executive Committee, show-

ing the receipts and expenditures for the year 1856, and the estimates

of appropriations for the year 1857.

The Secretary then presented the annual report of the operations

of the Institution during the year 1856, which was read in part.

The Board then adjourned to meet on Wednesday, January 28th,

at 6| o'clock p. m.

WEDNESDAY, January 28, 1857.

A meeting of the Board of Regents was held this evening, at 6^

o'clock p. m.
Present: Hon J. A. Pearce, Hon. J. M. Mason, Hon. B. Stanton,

Hon. H. Warner, Professor C. C. Felton, Professor A. D. Bache,

Hon. George E. Badger, and the Secretary.

The minutes of the last meeting were read and approved.

The Secretary concluded the reading of his report.

On motion of Mr. Mason, the report of the Secretary was accepted.

The report of the Executive Committee was then taken up and

adopted.

The Secretary presented various communications, &c., to the Board.

Adjourned to meet at the call of the Secretary.
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The object of this Appendix is to illustrate the operations of the

Institution by the reports of lectures and extracts from correspond-

ence, as well as to furnish information of a character suited especially

to the meteorological observers and other persons interested in the

promotion of knowledge.
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SUBSTANCE OF A LECTURE DELIVERED AT THE SMITH-
SONIAN INSTITUTION ON A COLLECTION OF THE
CHARTS AND MAPS OF AMERICA.

BY J. G. KOHL.

The fact that individuals often neglect one part of their education
whilst they cultivate another excites in us no particular attention,

because it is so very common. But that the colossal being which,
with its innumerable heads, and eyes, and hands, seems to approach
omniscience, and which we call human society, should commit a simi-

lar oversight with regard to the objects of intellectual culture, seems
truly extraordinary ; especially must it excite surprise that, at a time
when the whole gigantic tree of science is full of active life and all its

branches bear flowers or fruits, there should be any single off-shoot

which, amid the general expansion, is left untended, and remains
consequently leafless and blossomless.

It is strange, I say—it seems perhaps incredible, but still it is an
undoubted fact—that there is in the life of the human race, and of

society, taking it as a whole, always much of the blindness and one-

sidedness of an individual. Like an individual, it has its pre-occupa-

tions and predilections ; like an individual, an entire age is fettered

by a peculiar custom or fashion ; like an individual, it is forgetful

;

and like an individual, it suddenly calls to mind something which it

had not thought of for a thousand years. The progress of the human
race in science and civilization is sometimes by fits and starts, instead
of advancing, as would be worthy of such a dignified body, with a
slow, even, and majestic movement, like the rising of the sun.

At one period poetry and the arts flourish, and predominate over
science. So, too, among the different arts and sciences each one has
its epoch. They never culminate at one and the same period. There
is always one that enjoys especial favor, while others are neglected.

It cannot be denied that there has from the beginning been some-
thing that was called geography ; but it has been a plant of very
tardy growth. So far as it was not a part of astronomy it was at best

always considered as a handmaid to other sciences, and had never that
noble independence of which it is susceptible. Even yet, geography
is far from its culminating point. But we may predict for it better

days. In our time, at least, some distinguished men have better de-

fined its formerly vague limits, have organized and disciplined it,

have shown what it is capable of doing, and have made us suspect
that the thorough knowledge of our globe, which is the theatre of all

human performance, must be the basis of historical as well as moral
science

; that geography, rightly understood, is not to be considered
merely as the humble assistant and follower of the sciences, but rather
as the guide or governor of them all.
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If in our busy time, so full of activity in all directions, we can point

out anything as decidedly predominating, we may say that political

and natural history are the sciences which occupy us more than any
other. The taste for these two branches of knowledge, which are the
twin sisters of geography, is now widely and justly prevalent. They
have been treated of late with more talent, circumspection, and exact-

ness than ever ; and because, to become complete and exact, they

need the aid of geography more than of any other discipline, the re-

vival and advancement of geography will be a very natural conse-

quence of the prevailing tendency.

Naturalists have of late become more aware of the importance of

geographical considerations in connexion with their studies than they

ever were before. Plants and animals have been considered in rela-

tion to the soil and climate in which they were produced ; and geo-

graphers have defined more distinctly the different regions to which
every natural production belongs.

The intimate relations of geography to history have also been made
apparent. In former times historians related the deeds of nations and
individuals as quite independent of the country in which they were
transacted. Scarcely a historian would give even a brief description

of the country by way of introduction, and it was only on arriving at a

battle-field that they bestowed a little attention on the locality and its

geographical features. But in the writings even of the best historian

there was no indication to be found that he was aware how the config-

uration, climate, and productions of the country in question influence

the current of events, and, indeed, the whole character of the national

history. This has now been changed, and the whole manner in which
history is at present treated has become more geographical, or, I may
say, cosmical. Modern historians sliow us more clearly how each
nation forms a part of the universal life of the world. And from this

necessary alliance between geography and history quite new branches
of science have sprung up, of which formerly there were no examples

;

above all, that of ethnography, or the history of the distribution of

races over the surface of our globe.

If geography itself was neglected until our days, the history of geo-

graphy must, of course, have been utterly unknown. Geography has

too often been treated as if it were a science of yesterday, which had
no past. For this geographers themselves are to blame ; for they, in

describing tlie actual state of countries, have just as seldom entered

into their history as historians have entered into their geography.
Yet no one can justly appreciate the value of existing information

who does not know by what exertions it has been acquired. No man
can rightly estimate any truth who is not aware of the previous

errors through which the way to it led. A geographer ignorant of

the history of his science is like the traveller of an Oriental tale, who
finds himself transferred by enchantment into the heart of a strange

country, without knowing by what means he arrived there.

If, as I have said, the history of geography has been utterly ne-

glected, then I must add, that that most essential part of it, the his-

tory of geographical maps, has scarcely ever been thought of. For
some time, it is true, every new map of the world or of some portion
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of it made noise enough, and was highly valued as something precious,

but only for a short time. We hear of maps which kings hung up in

their cabinets and palaces, and of others which were discussed in the

academies of the world, and sent from one city to another for the in-

spection of the learned, but only so long as they were neio. When
another new map appeared the old one disappeared from kingly palaces,

and from the academies, and was laid aside to be forgotten. Or no—not

laid aside; for if this had been done, if the old maps had been carefully

preserved in archives and libraries, that would have been all we
wanted. But these old and precious documents were allowed to

perish ; they were either never more heard of, or if recollected and
spoken of still, it was only with contempt and to upbraid them for

their "ridiculous" blunders.

They were never raised to the dignity of historical documents.
The most inquisitive minds of the past century neglected them. Even
the most intelligent French geographers, such as Delille and D'An-
ville, who died only in the time of our grandfathers, did nothing for

the recovery and preservation of old maps. In fact, this branch of

geographical research remained a perfect blank until our days, wheu
other views have begun to prevail, and when some enlightened men
have undertaken to glean and collect the few scattered relics which
may yet be found. This change has been wrought in consequence of

a generally awakened interest in historical antiquities.

There has arisen in our century a most active spirit for collecting

and preserving all sorts of historical documents, which have been care-

fully commented upon and reprinted. In all the countries of the

civilized world collections of this kind have been formed. Everywhere
the rusty doors of the archives have been opened to the public at

large, and have surrendered more and more of their treasures, which
formerly by a narrow-minded policy were secreted from the eyes of

the world. Such an enormous mass of new and critically arranged
materials has thus been brought to light, that the history of every

country has gained quite a new and broad foundation, and future his-

torians will have much to do to digest and compile all this new matter.

In the short space of half a century our contemporaries have discov-

ered and deciphered more Greek, Roman, Runic, Egyptian, Baby-
lonian, and Indian inscriptions, than were discovered in all the former
centuries taken together. They have been collected partly in the
originals, partly in accurate copies and fac-similes, obtained by the
most ingenious processes of art, and have been deposited in accessible

collections.

This praiseworthy antiquarian enthusiasm, which seems to have
seized all the world in our time, has also at last influenced geo-

graphers to look around them for monuments on their own field of

research, and to cast into the common treasury of knowledge the

little still remaining within their reach from the carelessness of for-

mer times. As early as the beginning of this century, the late excel-

lent and lamented geographer, Baron Walckenaer, brought together
in- his own house in Paris a geographical collection, containing many
beautiful and most interesting old pictures of the world, and other

chartographical documents. He was perhaps the first who, in his
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own country, by his numerous writings drew general attention to this

subject, and he has written upon it with equal taste and erudition.

In the same city a most interesting collection of ancient maps has

been organized and brought into chronological and geographical order,

and put up as a separate branch of the Imperial Library, especially

through the efforts of that enlightened and indefatigable French geo-

grapher, the celebrated M. Jomard. He has added quite a new branch
to that magnificent establishment, in the former catalogues of which
we find the maps and globes scarcely mentioned as an essential element

of the collection. They were mixed up with the books or the engrav-

ings ; or they were considered, at the most, as a sort of curiosities, to

adorn the walls of the rooms, as is still the case in the greater part of

our old libraries. A good degree of order and light has also been in-

troduced into the chaos of old surveys, maps, charts, and sketches

—

until lately in a most deplorable state of disorder and neglect—in the

archives of the Depot de la Marine, and in those of the Depot de la

Guerre in Paris. The same has been done in other collections, in which
ancient maps, more by chance than by design, were preserved.

In England, a vast collection of old maps, for the greater part in

manuscript, has lately been brought together by the eftbrts of dif-

ferent distinguished gentlemen, and has been added as an essential

department to the British Museum, The learned Sir Frederick

Madden has published a complete catalogue of these maps, which fills

two or three volumes. And as in the British Museum, so, too, in

many other public and private collections of Europe, more care is

now taken than formerly in saving and collecting old atlasses, globes,

charts, and navigator's guides, which are beginning more and more
to be considered, not as mere curiosities, but as most valuable acqui-

sitions.

The earliest historians of geography contented themselves with

sometimes adorning their works with maps composed by themselves,

to represent- the views of the ancients. But such factitious represen-

tations are no longer found satisfactory; so that, at length, some his-

torians have begun to copy and publish the old maps with all their

peculiarities, precisely as the ancient cosmographers and discoverers

drew them with their own hands.
One of the first who attempted this was the celebrated Polish sa-

vant. Professor Lelewel, who copied and engraved with his own hand
a great number of valuable old maps, and published them with a

copious and learned commentary.
The celebrated and most excellent Portuguese scholar, the Vicomte

de Santarem, next produced a collection of most brilliant fac-similes

of ancient maps, especially of those connected with the history of

Africa, which he published and annotated, and which he further illus-

trated by a series of learned and valuable disquisitions on the history

of cosmography and chartography.
With the same object, and in the same manner, the French geo-

grapher M. Jomard, already mentioned as the creating and organ-

izing spirit of the depot of maps and charts in Paris, has been pre-

paring, during a series of years, and has now begun to publish, the



LECTURES. 97

invaluable chartographical documents, which he has collected. He
presents at his own expense the benefit of his labors to the world,

under the title of Monmncnls gengraphiques da Moyen Age (Geo-

graphical Monuments of the Middle Ages).

In Germany, likewise, some of tlie most eminent scholars have given

their attention to this ruost attractive branch of study. Indeed, there

are some indications that in that country tlie history of maps was

thought of earlier than in any other. We have there as early as the

beginning of the last century some essays or works on this snhject.

They are very imperfect, no doubt, and they were not followed tor a

long while by any thing more satisfactory. They appear (like so

many other inventions which germinate in Germany without being

perfected) to have slept for a century.

At the end of the 18th century, however, two Germans brought

together by their private exertions, and arranged in geographical and

chron(dogical order, a most admirable collection of maps, relating ])ar-

ticularly to America, and which is now in this country. I alhide to

the collection begun by Dr. Brandt-s, of Hanover, and continued and

augmented by that distinguished geosjrapher Mr. Ebeling, of Ham-
burg, afterwards purchased by a patriotic American, and now deposited

in the library of Harvard University.

Since then, various old maps which were preserved in Germany
have been copied, commented on, and })ublished. An active geo-

grapher. Dr. Giissefeldt, has edited the celebrated map of the world,

made by the Spaniard Ribero, geographer to the Emperor Charles V.

The illustrious Humboldt has Ijrought to light and made accessible to

the public different interesting raa])S ;
for instance, that excellent pic-

ture of the world made by Juan de la Cosa, one of the companions

of Columbus. His critical notes and comments on this map, to which

he often alludes, are of course of the greatest value.

Moreover, the famous old globe of Nuremberg, composed in the

very year of the discovery of America by Martin Behaim, who was

in the service of King Emanuel, of Portugal, has at last been given

to the scientific world in a most accurate and beautiful copy by Pro-

fessor Ghillany of that city.

But I allude to some of these valuable publications only as instances,

for it would occupy me too long to attemj)t to give a complete review

of them. It may suffice to say, that such publications have become
comparatively numerous in Germany, as well as in Italy, in England,

and in other countries. It is now quite a common thing to edit old

globes and maps, and to write dissertations on them. And it has

almost become the fashion to adorn a geographical treatise or the re-

publication of an old work of travels with a sketch of an old n)ap,

which some 30 or 40 years ago would not have been considered an
ornament at all. The Spanish historian of the discovery of Anurica,

Navarrete, has inserted some most interesting old maps in his great

documentary work. The academy of Madrid has introduced others

into their splendid edition of the historian Oviedo. Nay, scarcely

any place has of late published a catalogue of its town library with-

out taking advantage of the occasion to add a copy of one of its

old chartographical treasures. We find specimens in the catalogue

7s
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of the library of the city of Leipzig, in that of the famous library of
Earl Spencer, in the republication of Hakluyt's Divers Voyages by
the Hakluyt Society in London, in the Bibliotheca Americana of Mr.
Henry Stevens in London, in the publications of the Paris and London
Geographical Societies, and elsewhere.

It is a fact still more j)raiseworthy, that scholars on this side of the
Atlantic have not been backward in doing their share both in general
antiquarian and historical research, and in the special department of
study under consideration. The wonder is not so great, that old Eu-
rope, where every stone speaks of the past, and where every village

has its legend reaching back to the time of C<iesar, should at last

have become thoroughly antiquarian, and been seized with a gen-
erally diffused passion for history. But we may well be astonished
that a country like this, where even the great metropolitan cities are
but as of yesterday, should already have entered with so much zeal

and activity into this antiquarian and historical movement.
Historical, antiquarian, and ethnological societies have been estab-

lished in almost every State and city, and even in that distant settle-

ment at the sources of the Mississippi, which is not yet a State. Nearly
all these societies have published series of interesting historical collec-

tions ; while many private individuals, the Hazards, the Forces, the
O'Callaghans, the Brodheads, and others^ have collected the most
valuable documents, relating to the general history of America, or to

that of particular countries and States. The different State govern-
ments have also taken a very acti^ e part in this movement. They
have appropriated the necessary funds for collecting, sifting and print-

ing the public and legislative transactions of the States.

Amid all this multifarious historical and antiquarian activity^ some
geographical societies, likewise, (though not very numerous as yet,)

have been founded, and they have begun to collect old documents per-

taining to that particular branch of antiquarian research of which I

have been treating. And though nothing great or general has yet been
undertaken in this respect, still we may hail as an auspicious omen
for geographical science in America the fact, that already several en-
lightened individuals have gone to Europe, have discovered there old

and interesting pictures of this part of the world, or of divisions of it,

and have brought home copies of them, to be deposited in the State

archives of Albany, Boston, and other places. And thus, here, as in

Europe, old maps have become the object of special discussions,, and
different historical works have been adorned with copies of some
ancient survey of the countries of which they treat.

The work has been fairly entered upon, and nothing seems now to

be necessary but to unite these disconnected efforts into a general sys-

tem by placing a concentrating institution at their head.

II.—CAUSES OF THE LOSS OF FORMER MAPS.

In attempting to account for the disappearance of ancient maps, we
may observe, in the first place, that the greater number are particularly
destined for the use of the traveller, the navigator, and the soldier,

who wero probably the first classes of society which introduced the
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use of them ; and hence the names generally given to maps hy the

Romans of ^'ilineraria pic/a," traveller's pictures. The Roman gen-

erals were provided with these itineraria, which accompanied them to

the battle-field. They may have been often destroyed by barbarians

in the conquered camp ; they have shared the f\ite of their owner in

distant lands ; they have gone down with the navigator in the

stormy waves. Besides, whoever has seen a maltreated sea-chart

may easily guess how many such must have perished at all times

under the rough hands of heedless mariners, even without a ship-

wreck.
Again, the nature of the materials, to which the precious lines of

maps were committed, has often been the cause of their rapid destruc-

tion, as in the case of the maps which the Emperor Charles the Great

and King Roger of Sicily ordered to be executed on solid silver plates.

These silver maps were soon divided among a rapacious soldiery, and
the laborious composition destroyed. Even the copper and brass plates

upon which, as we learn, the Greeks sometimes engraved their maps,
were too tempting a material for the rapacity and recklessness of

conquerors. What a treasure for a Roman soldier the brass globe qS>

Archimedes ! By cutting it in two he could make at once a coupkoft'
camp-kettles ; and with the copper-plate on which Eratosthenes had''

pictured his cosmographical speculations, he could at least mend his .

helmet or shield.

Indeed, it is not easy to find out a material fur maps which is

strong and indestructable, and, at the same time, useless enough for

other purposes, to have a chance of escaping the spoilers hand. Put
your drawings on lead, the least valued of metals, and the soldiers

will melt it into bullets ; inscribe them on sheepskins, yet that will

not save your work—parchment is useful for making cartridges as well

as for binding books_, and even should they escape the shears, jowr '

antiquated drawing may be washed off and the skins used for keeping
a grocer's account, or some equally valuable purpose. Stones with old
inscriptions upon them are just as good for building as rude rocks
without them.
That I do not speak of mere possibilities, I will here mention a fact

or two of the sort. A part of that famous map of the Roman empire
called the Peutinger Table was discovered bound up, by the monks^
as a fly-leaf in an old book in the city library of Treves. Auotlier
portion of a Roman map, representing Spain, and cut upon a stone,
was discovered in the abbey of St. John, near l)ijon, in France, where
it had been built into the wall. Even paper, that wonderful and al-

most sacred material, to which Plato and Shakespeare, as well as
Newton and Humboldt, have confided their ideas, is so convenient for

wrapping up little articles of purchase, that hundreds of most ralua-
ble document3 have gone to destruction in that way.
Many maps have been constructed only as illusti'ations of books,

without which they were properly regarded as unintelligible. They
were bound up with the book, and their fate was consequently much
influenced by the manner in which this was done, owing to the varying
customs and fashions of the book-binding art. In the olden time, when
books were generally made in large folio, the maps received the same
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shape as the hook, and were preserved idih it. But when the hooks came
to assume, at first in some hranches of literature, and then quite gener-

ally, a smaller sha])e—a quarto and lastly an octavo form, it hecame
imj)racticahle to make the ma})s conform to the size of the page. They
could not he cut into pieces of any size, like the text of the hook

;

hecause it is necessary to give the whole picture at once, in order to

exhihit the mutual relation of all its parts. The maps, therefore, as

formerly, were ]>rinted in large folio sheets ; hut to fit them for the

small hook, it was necessary to fuld them. This folding of the maps,
and the consequent necessity which the reader was under of unfolding

and folding them up again each time he wished to consult them, was
another cause why they were more rapidly destroyed than the books
themselves. Here, I have no douht, is the reason why, in so many
cases, we possess the hooks, particularly those of the quarto and octavo

form, without the old maps.
I)Ut all these causes of the rapid destruction of maps are only inci-

dental. The principal cause of their disappearance lies in the general

indifference to those remarkahle ])roducti()ns which has prevailed at

all tirfies among the masses of the people. In consequence of this

indifference, old maps have not only heen treated with the greatest

neglect^ and allowed to perish by accidents, but they have even heen

destroyed intentionally.

To the common eye, old maps are not attractive ; though useful,

they scarcely embellish our dwellings, and accordingly have seldom

had the advantage of glass and frame, like thousands of less valuable

but more ornamental engravings. Hence it ibllon-s, that there are

wlude periods of the history of art, of which many jiaintings and en-

p-ravings have heen preserved to us, even all the cattle and chickens of

a Paul Potter, and the rosebuds of a Heemskerk, though such things

have b( en repi'esented a hundred times ; while the pictuie of the known
world by the hand of Archimedes is wanting, though such a work

could be produced but once.

The natural desire, moreover, of possessing the latest and best map
of a country, or of the world, led to that lamentable contempt of old

mai)S, which caused them to be discarded as no longer of immediate

and |»ractical use, no note being taken of their utility for theoretical

purjjoses and for historical research, until quite recent times; even

in many topographical and hydrograiihical bureaus they have been

•thrown* aside as useless, or to make room tor later productions. This

^was piobably the case already in the times of the Greeks and Romans :

eo that when Agathodjemon made better maps than those of his j)re-

deccssor, Aristarchus, they ])r(d)ably destroyed the latter; although

they never would have thought of knocking to pieces the statues of a

IMiidias to give i>lace to the later and more |)erfect works of a Prax-

iteles. Hence we cannot attribute to the barbarians exclusively the

loss of ancient works in this peculiar branch of art.

Another great cause of the loss which science has sustained in the

article of maps, was the tendency to secrete them, which seems to have

T)revaik'd at all times and in all countries. There were always a few

persons who set a high value on tlie newest and most correct maps,

but who, at the same time, had their reasons for desiring to keep thia
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knowledge from others. So authentic a picture of an empire, with all

its roads, its navigable streams, and approachable coasts, has seemed

too dangerous a document to be exposed to the risk of falling into the

hands of an enemy. The Roman emperor Augustus acted upon this

policy, when he ordered the maps and other results of the extensive

survey of the empire, which was ccmipleted under his reign, to be de-

posited in the innermost rooms of the palace, and that only such par-

tial coi)ies should be issued at times as the imperial councillors might
find necessary for generals going to war, or useful for the schools of

the provinces. Nor were his successors less jealous and circums])ect.

Domitian is said to have once severely punished one of his councillors

for an indiscreet disclosure of something which those maps contained.

The em])eror condemned him to death^ as a traitor ; some say that he

even killed him with his own hands. Of course, when Alaric burnt

the city of Home, the entire collection of those precious documents
w^as also destroyed. Had copies of them been deposited in different

towns, some one of these, at least, might have been preserved for our

use and advantage. So constantly, indeed, has this tendency to keep

maps secret and scarce prevailed among statesmen and sorereigns,

that even so late fus thirty or forty years ago it was considered, in the

greater ])art of Europe, a case of high treason to divulge anything of

the official maps of the country which were deposited in its archives.

Maritime nations, and their sea-captains, have exhibited the same
inclination to conceal their hard-earned knowledge from the eyes of

strangers. The Greeks succeeded in obtaining certain Phoenician sea-

charts, drawn on copper only, through the treason of the master of a

vessel, whom they probably bribed ; and a patriotic Carthaginian sea-

captain, who, on an expedition to a distant country, was pursued by
some Roman vessels, is said to have driven his ship on the rocks, and
to have drowned himself and his men, to prevent the journals and
charts, and thus the whole secret of a profitable branch of Carthagi-

nian trade, from falling into the enemy's hands.

The kings of Spain^ from the very commencement of the discovery

of America, observed great caution and reserve, and gave strict orders

about the safe keeping of the maps which their captains and conquerors

brought home from the New World. All the originals of these maps
were deposited in the archives of Seville, and copies of them were
issued only to such Spanish sea-captains and generals as could be
trusted. No map of Columbus, none of Cortes, of Magellan, or any
of the other innumerable explorers, was allowed to be engraved and
published ; and the consequence of this system has been, that nearly

all those interesting documents are lost to us for ever.

All the first maps of the New World were engraved and published

in other countries, in Italy, in France, and in Germany, in which last

country even the name America originated. They were made after

a few documents and original drawings, which occasionally escaped

the vigilance of the Sjjaniards. They were, of course^ very rude

sketches, and far behind what the Spaniards themselves possessed.

An Englishman, the well known Robert Thome, who was settled

in Seville, was therefore very anxious that nothing should be said

about it when he sent from Spain a report and a map of the West
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Indies to one of his coimtrymeu, Doctor Ley, ambassador of King
Henry VIII. to the Emperor Charles. "Also, this carde," he
says, "is not to he shewed or communicated there. For though there

is notliing in it prejudicial to the Emperor^ yet it may be a cause of

pain to the maker, as well for that none may make here these cards

bat certain appointed and allowed for masters, as for that peradven-
ture it would not sound well, that a stranger should discover their

secretes." "And I beseeQh your lordship let it bee put to silence."

Whole editions of books, and probably maps also, which seemed to

reveal too much of the Spanish possessions, have been bought up and
destroyed by order of the court of Spain, and their authors imprisoned,

of which instances are not Avanting even in later times. A true Span-
ish map of America, or parts of it, was, therefore, considered by the

English and French captains as a real treasure. When they captured

a Spanish vessel, they searched her as well for the maps as for the

piasters. Some of these Spanish maps captured by the English have
become quite famous ; those, for instance, of the coasts of Peru and
Chile, which the English freebooter Rogers captured in the South sea,

and which were immediately engraved and published in England, by
the well-known map maker, Senex. Such instances of the casual pre-

servation or recovery of Spanish maps show us how many valuable

documents for history and geography we have lost by that system of

secrecy.

But, when interest demanded it, other nations acted no better.

Thus, it is recorded of the famous English navigator, Frobisher, that

he kept secret the journal of his track, and showed to nobody the maps
which he made of his strait and his new discovered country in the

north. The consequence was, that for a long time geographers were
at a loss to say under what latitude and longitude his discoveries were
to be placed.

Even in our "enlightened" days, proofs are not wanting that we
are not much less inclined to hide geographical knowledge, when
interest prompts us to do so. One of the most distinguished geogra-

phers of our time, who wanted to complete the charts of the Atlantic

ocean, applied for information respecting a certain route from New
York to Brazil, to a gentleman who had formerly been a very exten-

sive trader to those regions. "As my firm no longer exists," was
the reply, "I can speak freely to you about the advantages of this

route. Some years ago I could not have done it. For the thorough
knowledge of it was a secret which enabled our sea-captains to regu-

larly make a passage some days shorter than that made by others ; and
upon this secret our profits, in a great measure, depended."

Suppose that an American captain had discovered, somewhere in

the South sea, a valuable guano island, and that he had taken its lati-

tude and longitude, and made a complete survey of it, is it likely that

he would liasten much to have this map engraved and published for

the benefit of science and for general use? We think not. And
thus, at this very moment, we may be surrounded by many mysteries,

by n)any secreted maps, without being aware of it ; and hence much
information may be, even yet, withheld from geography by the iron

grasp of interest. *
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ni.—GENERAL INTEREST OF A cnARTOQRAPniCAL CMDLLECTION.

As the plant, springing from the shapeless seed, is gradually

developed into an object of symmetry and life, as the sculptured form

emerges from the rude block by reiterated blows of the mallet and
strokes of the chisel, so America, contemplated in its successive de-

lineations upon the maps of different periods, exhibits the growth of

that gigantic work with the gradual and laborious completion of which
astronomers and cosmographers have been occupied for centuries.

Only, here each step has occupied a series of years : every stroke of

the mallet is an adventurous voyage of a great explorer, every rude

chip that falls from the block is a large (even if imaginary) country,

every incision is a gulf or a river-mouth, and every touch of the

smoothing file is a complicated calculation, the result of the final

solution of a scientific problem, with which the minds of philoso-

phers had until then been occupied in vain.

In looking at the earliest maps of the world, which were composed

before Columbus's time, we find, midway between Western Europe and
Eastern Asia, in the centre of the Sea of Barhiess, (as the Atlantic

ocean was then called,) that fabulous old land, adorned with many
attractive traditions, and called by such names as the " Island of

Antilia," the "Island of the Seven Cities," the " Island of the Holy
Bishop Brandon." Never stationary, however, sometimes it moves
more to the north, at others more to the south. On some maps it

approaches nearer to the Old World, on others it witlidraws further

into the hidden recesses of the dark ocean. The artists and painters

who made those early maps often represent this island as larger than

our present Cuba. They give it an elegant form, adorn it with purple

colors, or frame it in a gilded line. Sometimes all the seven cities,

with their towers and cupolas, are represented upon it. And in this

attractive shape it seems to invite the tardy navigator to venture upon
the unexplored ocean. It floats on the waters like that little patch of

sand and mud which Menahoshu cast upon the surface of the flood

after the deluge, and from which the whole continent of America de-

veloped itself, with all its branches, its peninsulas, its islands, and its

mainlands. Antilia is for the New World what the sacred lotus-flower

is for the Old, which, according to Hindu tradition, grew and unfolded

itself into the great islands of Asia, and bears on its branches and
leaves the whole structure of that continent.

At last, with the return of Columbus, there arrived in Europe the

first good news of the new-found shores, and with it came a map or

sketch of that part of them which was first reached by the Spaniards.

The king of Spain ordered this map to be reduced to a very small

size, and to be inserted into the armorial bearings of the great dis-

ajverer. The original is unhappily lost to us ;
but we may rejoice

that we possess at least that little reduced copy in the great admiral's

escutcheon, on which it is represented, by a ^q\n lines, as a deep and
spacious bay, embosoming a group of islands. When, soon after

Columbus, navigators had ventured to make further excursions to the

right and to the left of the Antilles, and had discovered some parts of

both divisions of the continent, they were at a loss how to place and
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how to represent them. Some thought that they must be two broad
peninsulas shooting out far towards the east from the body of the
Asiatic hemisphere. But the greater part, who with justice supposed,
or who soon learned, that the eastern shore of Asia must still be far

distant, imagined them to be two isolated pieces of land in the midst
of the ocean. And they represented them, accordingly, as two great
roughly shaped islands, more or less advancing from the Antillian
centre towards the south and the north.

When the Balbaos and Corteses had reached the long isthmus
countries of Mexico and Central America, those two islands at length
coalesced, and we see them on the subsequent maps linked to each
other by a natural bridge of mountains and continental shores.

Noio, the huge bulk of the American block began to show some-
thing of its true proportions. At leasr, this was the case on its east-

ern side, which lay towards Europe, and with which the first European
navigators soon became tolerably well acquainted, whilst the western
side still remained untouched and hidden in darkness. On the maps
of this period, America looks like one of the gigantic statues of gods
or kings which we see carved in high relief in the rock-temples of
Hindostan and Egypt. Their front parts, turned towards us, are toler-

ably well drawn and sculptured, but their backs still adhere to and
form a portion of the shapeless mountain side.

After Magellan had pierced through his strait into the open water
to the west, when Pizarro had worked his laborious Avay down the
coast of Peru, and when Cortes in the latter part of his career, in
search of something like Japan or China, had navigated to the north-
west and explored the shores of California, then, likewise, this western
side was cut loose from the mass of the unknown, and began to assume
at least the principal features of its true configuration.

But even these principal features were as yet only rudely given. A
mariner who would sail by those sketches must be on his guard, and
be prepared to touch at the port of his destination some degrees
earlier or later than his charts would lead him to expect. On them
are projections and excrescences which ought not to be there ; inlets

and bays appear where in reality everything is filled up with vol-

canic matter and diluvial deposits ; and large islands, as for instance.

Newfoundland, are still attached to the whole continent. The ex-
treme north and south of the continent, where no one has yet ven-
tured to sail, are still for a long while left to fancy and speculation.

In the north, these speculations assumed particularly numerous
and varied forms. On some of the maps of the middle of the 16th
century we see a long continental bridge or archway built from Scandi-
navia to Greenland, and this part of America thus attached to Europe.
On others this same Greenland, and with it the entire arctic regions
of America as far down as Newfoundland and Mexico, are annexed to

Asia, and are represented as a prolongation of Northern China or

Tar,tary. Very slowly and reluctantly the constructors of these maps
surrendered their preconceived notion, that Mexico was the next
neighbor of Japan, Shanghai, and Canton. However, every 20 or

30 years, Japan retreated a little further towards the west. Every
half century the broad gulf in the Northern Pacific widened, a little
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more. Whether and how America was connected with Asia and
Taitary, continued to he hmg disfuited, until at hist^ scarcely one

hundred years ago, the Russians pointed out the strait that bears the

name of one of their renowned explorers, and the united efforts of

Spanish, English, and Russian navigators brought everything into

its right place.

Scarcely less slow was the progress of light in the southern region.

For more than a century after Columbus, the southern island, called

"the Land of Fire," was pictured as a part of a great imaginary

southern continent, which covered and barricaded the ocean from Ma-
gellan's Strait to the Antarctic pole. This southern continent is repre-

sented on our ancient maps as nearly of the size of Asia. ISIew Holland,

New Zealand, and other islands are all made a part of it. It receives

at different times very different dimensions, and alternately contracts

and expands, like the cloud which Hamlet showed to Polonius, and
which, according to the disposition of the beholder, took the shape of

a camel, of an elephant, or of a bird. Some said this continent was
peopled by above 25 millions of souls, and the map designers embel-

lished it with cities and castles, with forests and animals of different

kinds. Into this cloud dived at last, in the beginning and middle of

the 17th century, the Dutch and British navigators,, and made it dis-

appear from the geographical horizon by rounding the stormy cape.

In like manner, Newfoundland and other islands were successively

detached from the continent. The Gulf of St. Lawrence and other

large Mediterranean bays were roughly traced out. Still the image of

America was as yet nothing but an outline. The whole vast interior

remained a blank, or at least was more filled with products of the

imagination than with portraits after nature. The movements of

navigators were by their nature quicker than those of land travellers.

And not only so, but the latter continued for a long time to be less

scientific, and were less provided with appliances and instruments for

astronomical and other observations.

Consequently, our old charts of America are generally better than

our maps, on which the rivers with their innumerable branches are

endlessly perplexed; while mountains and plains show sucli anoma-
lous and varying configurations, that the whole continent at first

sight appears like a huge kaleidoscope, the materials contained in

which were constantly subjected to new and fantastic transformations.

Still, there is a method even in their madness ! For, if we
look a little closer at these ftmciful delineations, we may sometimes

discover that, erroneous though they may be, still they are not down-
right falsehoods. There are few which are not founded upon some-

thing, upon an old tradition, upon a favorite notion of the time, upon
a geographical hypothesis, or at the least upon reports of the wild

Indiana, which, it is true, were sometimes misunderstood. We could

exhibit, for instance, maps of this time, on which the great river of

St. Lawrence is represented as much larger than it really is—as occu-

pying the whole locality of the upper Mississippi and Missouri, and
running through the entire broad continent of America. Yet looking

with due discrimination at the circumstances, we perceive that,

according to the state of information at the time, the old map
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maker could 'scarcely have given us any other St. Lawrence than he
has done.

All the geographers of the 17th, and of the beginning of the 18th

century, believed with an extraordinary tenacity in the existence of a

great lake in the interior of South America, between the Orinoco and
the Amazon rivers. You see this lake represented on the maps nearly

as large as the Caspian sea, of a quadrangular form, surrounded by
most picturesque mountain scenery, upon the neat drawing of which
much pains have been expended. On the shores of that lake, called

the great golden lake of Parime, was painted at its western corner the

large city of Manoa, with an abundance of palaces, towers, and cupolas;

and to this was sometimes added the portrait of the sovereign of this

city and region, the Emperor Eldorado, who was said to be a lineal

descendant of the Incas of Peru, and the possessor of their accumu-
lated treasures.

This tradition of Eldorado, with his city and beautiful lake, was a

natural product of different circumstances. It partly grew out of the

golden dreams in which the European nations indulged after the dis-

covery of Mexico and Cusco. Partly it was founded on good historical

grounds, on certain events in Peru, where some cousins of the Incas

retired with treasures to the interior. And partly, it must be owned,
it was the result of pure deception. The question then naturally

arises: Are those maps worthy to be preserved, and to be noticed by
the historian of geography and discovery? Have they had any influ-

ence upon the present state of our knowledge? And can those old

delineations of the lake of Manoa help us to understand better our

modern geography of that region? I do not hesitate to answer all

those questions in the affirmative.

Those very chartographical fictions were the cause of innumerable
useful exj)editions. The whole history of the settlement and explo-

ration of Dutch, English, and French Guiana is essentially connected

with the fiction of the city and lake of Manoa, without which prob-

ably those extensive American colonies would never have been called

into existence. The whole exploration of that region is a hunt after

the objects named ; and we could not understand a single expedition

made in this direction, without being fully informed respecting the

position properties, and sha])e attributed to that lake, which has

only of late been dissolved and drained into such narrow river courses

^s now take its place.

When at last the Jesuits, those excellent astronomers and mathe-

maticians, took out of tlie hands of the Pizarros and the De Sotos the

continuation of the work of Columbus ; when they brought the astro-

labe and compass from tlie shores into the interior ;
when father Fritz,

and after him La Condamine, had worked their way down the whole

course of the river Amazon ; when the members of the same order

had explored all the branches of the great La Plata and Orinoco in

the southern, and had reached the westernmost end of the St. Law-
rence in the northern continent, the great secret of the New World
was at length wrested from the hand of Nature, and its main features

stood clearly revealed. As with the whole continent, and its great

lakes, rivers, and mountain chains, so also with every smaller part
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and sub-division of them, each had to go through certain traditional

and poetical periods, till it gained that certainty in its outlines which

it at present exhibits.

Every blue summit of a mountain descried by your western settlers

and pioneers from a distance, every large or small branch of a new
river, every glittering surface of a lake never seen before, was talked

of by them around their camp-fires, and gave occasion to all manner
of hypotheses and speculations about the end of the lake, about the

direction and source of the river, and about wliat those mountains

might be, what they might contain, and how they might be connected

with the rest. And what those bold pioneers surmised, and what
they heard from the Indians in the west, all found an echo in the

cabinets of the geographers of the east, and you see it conscientiously

transferred to their maps, which are changed and corrected a hundred

times, till at length a Champlain, a Boone, or a Clarke fits out his

expedition and sets the matter at rest.

To follow out such laborious undertakings, and to trace the zigzag

lines of their progress through the course of whole centuries, may to

some appear a very tedious work. I regard it, on the contrary, as a

branch of investigation both novel and exciting. It is a department

of historical inquiry which is unique in its kind, because it treats of

human efforts and achievements which when once brought to a satis-

factory termination are incapable of renewal. Asia, in the course of

ages, may yet be conquered by more than one Alexander or Grenghis

Khan. But a Columbus will never appear again, because he per-

formed a work which, from its nature, can never be repeated. The
islands, and mountains, and rivers, of our globe are numbered; and
the time must arrive when the race of discoverers shall become extinct.

But the glory of the Corteses, the Drakes, the Cooks, Avill then shine

brighter than ever. These were the men who struck the great blows

in carving out the right figure of our globe, and in fundamentally

changing the aspect of all human affairs. They wrote their names
on the rocks and shores which they discovered, and there they will

stand so long as the pillars of Hercules and the limits of the ocean,

and of the dry land shall last. Their history, as I have said, is

unique, and therefore ought to be written and delivered to posterity

with especial care and accurateness. If we, who are comparatively

still near to these remarkable events, omit to do this, if we neglect

the valuable document^ which are still at our command and allow

them to perish, posterity will justly reproach us with having deprived

humanity of a part of its most interesting records.

rV.—USE OF FORMER MAPS FOR COMPLETING AND TESTING THE ACCURACY OF

THE NEW ONES.

The field of geographical research through all tlie vast regions of

a great continent like America is immense. And although scientific

observers are now more numerous than ever, it has been perfectly

impossible for them to bring up the observations of every point, har-

bor, cape, and inlet, of every source, turn, angle, and mouth of a

river to the point of accuracy which science now demands.
In fact, I believe the number of places of which the position, nature,
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and confi<;uration have been determined, with that nicety and perfec-

tion which astronomical instruments and processes render possible at

the present day, is still comparatively small. A German geographer,

Mr. Doppelmayer, believed, after conscientious research, that in the

year 1*740 there w(re, on tlie whole globe, only 116 places the posi-

tion of which had been satisfactorily ascertained. In the year 1817

another German geographer, Mr. O'Etzel, estimated the number of

places on the globe the astronomical position of which had been thus

satisfactorily determined, at about 6,000. Of these 6,000 places

prol)ably two-thirds were in Europe, leaving only 2,000 for the rest

of the world. Although since that time the sum of observed places

may have been doubled or trebled, still it must be very small in com-
parison with the enormous number of points which ought to be known.
From the small number of perfectly well ascertained positions we find

a long series of points, ihe positions of which is pretty well known
from computation, from terrestrial measurement, or from astronomical

observations of approximate accuracy, down to those whose latitude

and longitude have not been fixed at all.

The same is the case with respect to all observations other than

those of position ; for instance, with respect to the configuration of

the outlines of a bay or an island, or in regard to the soundings of a

harbor or bank, or to the height of hills, capes, and mountains. The
amount of science and activity at the present day is great, still it is

not omnipresent, and through the whole course of the history of

geography there has never been a moment in which it could be said

that for every jtlace all had been done that the state of knowledge at

the time permitted. There are many harbors in which no regular

soundings with improved instruments hare been made for half a cen-

tury or more. There are mountains the height of which, as laid

down in our present books and maps, is the result of observations

made Avith very antiquated instruments and processes. There are

numerous lakes or remote river sources where no scientific exploring

expedition has been since the time of La Condamine.
" I sometimes find, to my surprise, in a ' very old book,' " says the

intelligent Bishop Kennet in the introduction to his valuable Ameri-
can Bibliography, "one cape or one sand-bank much more accurately

described than it is done in one of the newest coast pilots." The
same thing may be said of old maps. A chart of 1800, though upon
the whole antiquated, may often contain of some part of the coast,

which then was particularly explored, a much better representation

than is found in those of a later date.

Affain, the different classes of observations laid down on one and

the same map are of very different value. On one survey the sound-

ings may be quite accurate, while, perhaps, the astronomical position

and the configuration of the coast is better given on a map of another

date. Some explorers have had particular facilities, inclination, or

talent for one or other of the numberless branches of geographical

observation, and one has thought of that which was overlooked by

another. The results of all these observations, from early times to

the present day, have been laid down partly in books and partly on

innumerable maps ; and nothing but a complete series of these can
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enable US to know what has been done and what remains to be accom-
plished in this vast field of research. Plence it is evident that very
seldom, if ever, can we determine when an old map is really obsolete

and of" no further use at all.

The work of surveying, exploring, and map-making, is, like every
other human pursuit, cajnible of an endless approximation towards
perfection. It is constantly progressive—particularly as regards this

new world, America. There is an inaccuracy of expression when we
speak of the discovery of America by Columbus. The great woik of

the discovery of America was only begun by Columbus ; it has been
going on for the last three centuries, and cannot yet be said to be
com[)leted. And, therefore, here especially an institution is wanted
the business of which shall be to follow and record step by step this

progress, and thus become a common fund and treasure-house of all

preceding an I contemporaneous discoveriPs.

Truth and error are handed down together, from generation to gen-
eration, through the history of mankind. It is curious, that wliile

this is often admitted to be the iact as regards the history of other
sciences, geographers until now seem to have believed that it has no
application to chartography —a science which, according to them, like

the phoenix, each day is consumed and each day is born again from
its ashes

; but, to show how false this notion is, I may cite the state-

ments of the able author of the article on (xeography in the Encyclo-
paedia Britannica, who says that the tables and measurements of
Abulfeda and of Nazir Eddin, and the maps of the interior of Asia,
made under the enlightened Calif Almamoun, were, as late as the
year 1817—that is to say, about 1,000 years afterwards—of use in the
construction of the maps of some parts of Asia.

On the other hand, the longevity of errors in geography, and con-
sequently in maps, may be illustrated by the following instances: It

is well known that the great father of geography, Ptolemy of Alex-
andria, committed the extraordinary error of assigning to the Medi-
terranean sea a length of not Icbs than sixty-two degrees of longitude,
which was upwards of twenty degrees too much. This amazing
mistake affected all our ma[)s of the Mediterranean more or less until

the beginning of the last century. Many astronoTiiers and navigators
knew, long before that time, that the Mediterranean was actually
much shorter, and many map-makers ventured to cut oif a few de-
grees, despite the statement of the great Egyptian ; hut so absolute
was the authority which he enjoyed amongst Christians as well as

Arabians, that they were extremely slow in <ieviating from him, and
came down to the truth very unwillingly. In this instance tiie con-
test between truth and error lasted more than 1,500 years, until at

length the French geographer Delille gave to the sea its true limits.

But if such a thing could hafipen with resftect to the Mediterranean,
which from the beginning of commerce and civilization was the best
known part of the world, is it not highly prohaljle that we may dis-

cover similar longeval errors in such little known countries as, for

instance, the interior of Patagonia or Brazil ; and that, by studying
and comparing the maps, we may trace these errors to their source,
and so help to correct Lhem?
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Another equally remarkable though not so old an instance of the

long continuance of errors on maps, is presented to us in the works
of the great French geographer, Euache. He conceived the idea that

the whole surface of the earth was divided into certain principal and
lateral basins, each of which was surrounded by mountains, whilst its

central part was occupipd by a great lake or ocean, into which rivers

flowed on every side. This conception was, to some extent, true ; but

Buache carried it to an extreme, and, his head being full of this idea,

he drew on his, in other respects valuable, maps as many basins as

could in any way be brought into seeming harmony with ascertained

facts. A French savant says, in a work of the past year, that his

system still exercises a pernicious influence on the best French map-
makers, who, inheriting the theory of Buache, have continued to

propagate its fanciful deductions.

The old maps, therefore, are not only precious for some hidden

treasure of truth which they may contain, but just as valuable for the

facility which a series of them afi'ords for tracing traditional errors.

"All maps," says a British geographer, "should be considered as

unfinished works, in which there will always be something to be cor-

rected or something to be inserted."

Buache, Forster, La Condamine, Humboldt, and other enlightened

geographers, have shown how useful they considered the knowledge

of the opinions of former cosmographers, by taking the trouble to com-

pose what they called maps of errors. La Condamine composed a com-

jiarative map of the course of the Amazon river, on which he showed,

with different colors, how the direction and bends and branches of

this river were represented by different geographers.

Buache and Forster made maps of the northwest coast of America,

on which they combined, in one picture, the outlines of that coast, as

they found them represented on the authority of a number of difi'erent

observers.

Humboldt composed, with great care, a map of Mexico, with the

erroneous astronomical positions of many important points of that

country. Others have done the same for other parts of America.

But these so very useful and instructive maps of errors form a class of

scientific compositions which are not yet as much in use as they deserve

to be. They are probably so rare because there exist so few chrono-

logical collections of old maps. And this again proves how desirable,

how necessary, such collections are. We cannot dispense with them,

so long as we cannot say that every part of our maps is above all

criticism, and so long as the picture of the whole continent, in all its

parts, is not laid down with absolute and minute accuracy. Only

when this shall be the case, will we be justified in cutting loose our

connexion with the past ; then only can we cast overboard the whole

erroneous structure of our forefathers, or consign it at least to oar

collections of antiquity, as a mere matter of curiosity.

V.—MAPS AS HISTORICAL DOCUMENTS,

Historians, geographers, and travellers, have laid down on their

maps many things of which they have not spoken at all in their books.
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either because they inserted on the map what they had omitted in the

book, or because they found it easier and shorter to speak to the eye
than to the ear.

Maps, therefore, form a peculiar class of historical documents.
Sometimes they confirm what we have in the books, sometimes they
make our literary information more complete, and sometimes they
must serve us instead of books. It is particularly the old maps which
have this documentary character. Martin Behaim, when he composed,
in the year 1492, liis celebrated globe, was not content with giving
merely the outlines and names of the countries and islands which he
depicted, but he added to each of them quite lengthy descriptions, in

which he informs us what kind of people lived in each country, what
plants were raised there, and, occasionally, by whom and when it was
discovered.

The same thing was done by many other map-makers, on whose de-

lineations we find inscrip'ions like these: "In the year 1500, Bastidas

sailed as far as this point." "Here Solis was killed." "On this island

the Portuguese found signs of gold," and the like. Travellers, too,

have often been in the habit of jotting down their observations and
conjectures on the maps they composed in travelling.

It is not seldom the case that maps contain the only hints and data
which we possess concerning an expedition or a discovery the reports

of which have been lost. Historians have, in this respect, not yet

derived all the advantage from them which maps are capable of afford-

ing. It has been questioned, if the first Portuguese expedition along
the eastern coast of South America, could have gone as far south as

they pretended to have done, that is to say, beyond the fiftieth degree
of south latitude, and if the Portuguese explorers of tlie beginning of

the sixteenth century ought to be considered as the discoverers of the

Falkland islands. Different very old maps, which show a group of

islands in the true latitude of the Falkland islands, can be quoted as

documentary proof of the truth of that assertion. That the Spaniards
knew the Sandwich islands a long time before Cook, that they had
a name for them, tliat they probably visited them repeatedly, was
proved by a map which Admiral Anson found on board a Spanish
vessel, and on which those islands were laid down in their true posi-

tion, and is proved likewise by still older maps, on which we find a
group of islands, called Los Volcanos, laid down in the latitude and
longitude of the Sandwich islands. Some other old maps, which have
recently come to light, have large tracts of the Australian continent
very accurately depicted, and prove to us that the Portuguese and
Spaniards were acquainted with those countries a long time before the

Dutch and English.

The printed books inform us imperfectly about those highly inter-

esting expeditions which Cortes ordered to be made into the Gulf of

California, and along the western shores of the Californian peninsula.

A map of these regions, which was made by a contemporary of Cortes,

and which, at the end of the last century, was discovered and pub-
lised in Mexico, completed our knowledge of these exjieditions in a
very satisfactory manner. It showed us exactly how far the captains

of Cortes ascended the Rio Colorado, what names they gave to the
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harbors and capes, and which was their ne plus ultra on the western

coast.

Many assertions in history are of such a kind that we do not give

to them a very liigh degree of credence, if we find them only reported

in hooks. But if we see the same thing also depicted on a map, our

conviction of the truth is enhanced. So, for instance, many may
doubt the fact, reported in Spanish authors, that as early as the year

1519, the Mississippi was discovered by the captains of the Conquesta-

dor Garay. But when we produce to them maps of the period on which,

not only the whole configuration of the northern coast of the Mexican

Gulf is given according'to nature, but on which also in the middle

of this coast a broad river is depicted, having the true latitude of the

mouth of the Mississippi, they feel much more inclined to believe the

asserted discovery.

The history of the cosmographical speculations and hypotheses,

which prevailed at the different period.>^ of geographical knowledge,

forms a very interesting chapter of the history of science and civiliza-

tion. These speculations, it is true, were also usually treated of in

books. But they are sometimes so fanciful and wild, that we can

scarcely credit their having ever been seriously entertained. When,
however, w^e behold them carefully drawn on maps, and find that those

maps were reproduced a thousand times, and passed into every hand,

we clearly recognise how deeply rooted those speculations or prejudices

must have been in the minds of a former age. We learn, for instance,

that the Dutch, when they discovered, north of Japan, the island

of Yesso, imagined it to be a large country, reaching from Asia

to America. At first it seems scarcely possible that such an erroneous

supposition could become the conviction of the time. But the Dutch

not only described this fanciful continent of Yesso in their books
;

they also laid it down on their maps as a bridge extending from Cali-

fornia to Tartary, with the inscription :
" This is the land over which

the seven Israelitish tribes wandered from Asia to America." They

delivered such maps to all their contemporary students and navigators.

And these maps, therefore, prove to us, more than books, to what a

degree these contemporaries must have been impressed with those

speculations.

Very otten the maps of a time are the only guides which enable us

to guess the real design of the expeditions sent out for discovery, and

to explain the movements of their commanders. In this respect, we

may observe, that the published reports and books very rarely give us

full information on the subject. The reports which we have, for in-

stance, of the expeditions of Bartholomew Diaz, of Vasco de Garaa,

of Magellan, of Drake, of Hudson, were not written by the comman-

ders themselves, but by some ' ireitleman" accom[)anying them, a

missionary or volunteer, who <«nly occasionally was induced to take

notes of what he considered worthy of record. The papers and maps

of the connnanders themselves went generally another way. They

were deposited in the archives of the governments, and are in innu-

merable instances lost to us.

From such second-hand information as we have, we therefore learn

many curious things and events, which happened to be obs<.rved by
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the occasional passenger, or " gentleman companion." But we very
rarely find an allusion to the maps which they liad on board, and after

whicli they sailed—no description of the astronomical instruments used
by the officers, no explanation of the leading ideas of the commander,
and the reasons for his conduct, or of other decisive points of the sort,

which a historian principally wants to know, but which were kept
secret from the journalists.

The study of the maps of the time, and the comparisoa of them, can
do much towards supplying this lacking information. If we have fixed
the dates of the maps, we can prove what sort of guides those comman-
ders were likely to have had Avith them. We can show what notions
they must have entertained; and, in many cases, we can guess by what
reasons they were influenced to act as they did.

There is only one class of expeditions respecting which we have that
full and complete information which is desirable, namely , the recent ones
performed by the English, French, and Americans. For them we have
the parliamentary papers, in which the motives of the expedition are
discussed at large. There we hear the commanders speak themselves,
and give us the amplest description of their whole outfit, and instead
of being forbidden they are even required to give to the public all the
explanations necessary for understanding their proceedings ; while on
the construction and publication of the maps and charts, which are to
form a summary of the entire geographical results, especial pains are
bestowed.

YI.—USE OF THE OLD MAPS WITH RESPECT TO BOUNDARY QUESTIONS AND OTHER
POLITICAL TRANSACTIONS.

There are no countries in the world which have been from the very
beginning,_and still are, so much agitated by houndarij questions—
and in which, therefore, reliable maps, as the principal means of
settling these questions, are so much wanted—as the different colo-
nies, empires, and states, of America.

Scarcely was America discovered, and scarcely had the Pope drawn
his famous line between the possessions of Spain and Portugal, when
there arose a boundary dispute of the widest extent between those
two powers

;
one of which desired to include in its limits nearly the

whole of Brazil, whilst the other tried to prove that its competitor
ought to be almost entirely excluded from the continent,

_
The commissioners of Spain and Portugal discussed this 'question at

different lengthy sessions, but without conducting it to a satisfactory
solution—partly because the maps and charts which were produced on
both sides did not agree, and partly because they found themselves
unable to locate their boundaries on the surface of the eartli.

^
The Hispano-Portuguese boundary question forms the most essen-

tial element of the whole history of South America. It runs throuo-h
a space of 350 years. It was revived at every step which Spanish and
Portuguese discovery and conquest made in opposite directions. It was
after all, only partially and roughly settled. The question descended as
an Iieir-loom from the royal contending parties to their modern repub-

8s
^
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lican and imperial successors, and it remains a debatable matter ta

this day. The whole empire of Brazil is still surrounded by bound-
ary disputes springing from that contest.

As among the different sovereign powers, so also among individual

Spanish discoverers, questions of this sort were a fruitful source of

contention. The Spanish kings, in their contracts with their so-called
'^ conquistadores," used to promise them that they should become
governors, commonly hereditary ones, of the new countries within the

limits of their discoveries or conquests. These limits differed greatly

according to the different views which the conquistadores themselves
entertained of their own merits and the extent of the fields of their

activity.

Hence arose the famous quarrels between Cortes, the conqueror of

Mexico, and Garay, the discoverer and governor of the countries north

of the Mexican Gulf. Cortes wished to carry the limits of his pro-

vince as far north, and Garay as far south, as possible. Similar dis-

putes existed for some time between Bastidas and Ojeda, and between
Columbus, or his heirs, and all the other discoverers.

Pizarro, the conqueror of Peru, had a similar quarrel with his

companion, Almagro, the conqueror of Chile. When the three great

conquerors of Cundinamarca—Quesada, Benalcazar, and Federman

—

marching into the Magdalena valley from different sides, met on the

high plateau of Bogota, a question arose as to how the new country

should be divided. This they finally agreed to submit to the decision

of the King of Spain. During the ensuing lawsuits^ maps were made
and produced which showed the limits and extent of the several dis-

coveries ; and on the decisions based upon these documents rest the

boundaries of provinces and empires to this very day.

When, at a later period, the French began to extend their conquests

in Canada and the English their settlements ©n the Atlantic coast, a
whole series of collisions respecting the boundaries of the different

powers commenced. At first between France and England, about the

limits of Canada towards the south, and of what was called Virginia

towards the north. Afterwards between France and Spain, about the

extent to be given to the newly created province of Louisiana. And
again between England and France as well as Spain, respecting the

boundaries of the countries beyond the Alleghany mountains, and
likewise in Florida and in Nova Scotia.

We may. say that during the whole of the seventeenth and eigh-

teenth centuries no war was carried on in Europe which was not partly

a war for the extension of colonial boundaries in the New World, and
no treaty of peace was concluded which did not comprise articles on

the same subject. On all these occasions American maps were of the

greatest use, and were on all sides much sought after. The French

and English commissioners, for instance, who discussed, in the middle

of the last century, at and after the treaty of Aix-la-Chapelle, the

question of the limits of Nova Scotia, collected, used, and criticised

as many at least as fifty American maps of the earliest as well as

the latest date.

Some of these boundary questions, in the unfinished state in which

they were left, were afterwards inherited by the great North American
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republic ; and in the negotiations respecting its limits towards the
Mississippi, towards Florida, and towards Canada, both early and
recent maps were always in demand, and could sometimes only with
difficulty be procured, because there existed no collection or depot for

preseryjug and keeping them in order.

The predominance in America of boundary questions, above all

others, strikes us not only in an international point of view, but also
when we look into the history of each particular State and province.
All the different colonies which the English planted on the eastern coast
of America have had, from the beginning, like the Spanish discoverers
and conquistadores, quarrels about the degrees of latitude and longi-
tude, the rivers and the mountains, to which their territories ought to

extend. Disputes of this kind have been innumerable, whilst few or
no quarrels from any other cause whatever have arisen to disturb their

peaceable relations. Such were the boundary questions between Mas-
sachusetts and Rhode Island, between New Hampshire and Maine,
between Connecticut and the old Dutch colony on Hudson's river, be-
tween Georgia and Florida, between Carolina and Virginia, Pennsyl-
vania and Delaware, &c. This last, the Maryland boundary question,
commenced with the very foundation of that colony, and gave rise

to endless treaties, lawsuits, surveys, measurements of degrees of
latitude, and constructions of maps, which occupied more than a
century. Nor can it yet be assumed that all the maps illustrating

Mason and Dixon's line are superseded, obsolete, and of no further
practical use.

The same may be said in relation to the subdivision of the great
colonies and States into counties, and of the further division of these
counties, which were at first very large, into smaller counties and into
townships. The necessity for consulting old maps and for construct-
ing new ones was endless.

The same peculiarly great importance which maps possess in
America, with respect to defining /S'^aife boundaries, they have also
with respect to private landed property. In Europe the greater and
smaller divisions of landed estate have been from time immemorial
included in long known and settled limits, indicated by natural or
artificial metes and bounds. Further, such extraordinary and whole-
sale grants of land have never been made in Europe as was customary
in tliis new world, which has been pa'celled out in lots, sometimes of

enormous magnitude. Never was there such a lawsuit in Europe as
the celebrated one of the heirs of Lord Stirling, who laid claim at
once to as many millions of acres as would be equal to the surface of
some European kingdoms ; a suit which was at last decided with the
help and by the authority of a geographical map.
As broad grants of land were once made by the English and French

kings in Canada, Virginia, Louisiana, &c., as by those of Spain in

Florida, Texas, and the Mississippi valley ; and consequently, to this

very day, lawsuits in which some large portion of a city or county is

made the object of the claim are here matters of not uncommon
occurrence ; and in all these sorts of claims former maps are often
the only authoritative documents that can be referred to for a decision.
Thus it is evident that chartography runs like a colored thread
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throiigli the weft of America history, through all the great political

transactions as well as the arrangement of private affairs, wherein it

becomes ramified into innumerable branches. And still this country

has never yet thought even of establishing an institution to supply

every branch of the government with a kind of information the want

of which is so continually felt. It is to be hoped, however, that in

this respect America will yet point the way to the older nations of the

world.

VII. USE OP FORMER MAPS IN DIFFERENT PRACTICAL QUESTIONS.

Although in its principal features the configuration of the surface

of our globe remains unaltered, still there are continually going on.

in every part of it, changes which appear insignificant in comparison

with the great mass of our continents and oceans, but which are some-

times of the utmost importance for the pigmy works of man and for

the enterprise and existence of nations.

Our mountains are constantly being lessened in height, our rocks

crumble down from year to year, never to be built up again. Some-

times a volcano or a new island rises from the depths of that fiery

abyss which is concealed under our waters and blooming lands. Our

rivers are continually changing a little the direction of their courses.

They abrade their banks on one side, and break through with new

branches, whilst the opposite side is left dry and allowed to increase.

They gradually float away old islands, or form new ones which did

not exist before. The changes are particularly great at the mouths

of the rivers and in their deltas near the sea-shore, where the current

encounters the influence of the motions of the sea and its strong winrls.

There one arm of a river is choked with sand, and in time entirely

disappears, whilst another gradually deepens, and from a little creek

is transformed into a broad and navigable channel.

On the shores of the ocean itself the changes are upon a larger scale.

The sea has swallowed whole tracts of country, and has produced new

ones from its depths. In the course of centuries, banks of sand are

formed, or shift their place. Many capes and peninsulas are continu-

ally melting away under the action o: the waves ; others grow larger

under the influence of the meeting of contrary currents ;
whilst others,

again, seem only to vary their position, and, like enormous pendulums

thrown out into the waters, show a tendency to increase for a certain

period on one side, and then for a like period on the other.

It is even believed that the very foundations of the gigantic crust

of our globe are not quite settled yet, and that some parts of our coasts

are constantly heaved up from beneath, whilst others by a sIoav pro-

cess are sinking ; whence it results tliat they are perpetually varying

the outlines which they form with the unchanging level of the ocean.

An accurate knowledge of these changes and their tendencies is not

only very interesting for the history of the past and for general science,

but is also of the greatest consequence for the future and for practical

purposes.

Some of the processes by which those changes are effected are

rapid in their action, and can be observed and recollected by indi-



LECTURES. 117

vidiials or families living on the spot. Others are extremely slow,
and go through so large a space of time, that the particular circum-
stances escape the memory of individuals and even of generations, and
can only be ascertained from history and written documents. These
recollections and traditions of the local population, as well as the re.

cords of local history, are always valuable and may he consulted-
But in most cases, especially if a particular application of ihe phe-
nomena is to be made, such a precision as to the facts, and such a
nicety of observation are requisite, as can only be obtained by a series

of mathematically accurate pictures, that is to say maps, of the
changed locality.

If our forefathers for two or three centuries past had been as correct,

conscientious, and minute in the construction of special maps of all

parts of a country, of its rivers, coasts, ports, banks, &c., as we now
are, a complete collection of their maps would be invaluable. But
even as they are, incomplete, often unreliable, and for the most part
too general, they are for the history of those changes and all that de-
pends upon them of the highest importance; because they often are
the only documents which wo can consult, and from which we can
form a judgment.
How desirable also in this respect a complete collection of former

maps would be has been observed in this country on various occasions.
Harbor commissions, coast survey officers, military engineers, archi-
tects, in constructing bridges or moles for the protection of ports, have
repeatedly felt this great and essential want.

There is perhaps no other country in the world which has such
changeable coasts and rivers as the United States. The whole extent
of the shores of the Mexican Gulf, more than 1,500 miles in length, are
low, and consist of shifting materials, partly of sand and partly of coral
rocks. Changes on a great scale have occurred there every year as
long as the Gulf has been known to us. A mighty circular current,
accompanied by many side currents, moves in this large basin, and is

constantly at work, abrading and altering after its own manner the
configuration of its coasts. Heavy gales, and consequent inundations,
are frequent phenomena ; of some of which it is recorded that in the
short space of one or two days they have torn asunder islands,
filled ports, heaped up sand-banks, destroyed settlements, and thus
changed at once the whole physiognomy of a long coast-tract of some
hundreds of miles.

Into the Mexican Gulf empties that mighty river the Mississippi,
the delta of which, one of the most interesting in the world, is a per-
fect labyrinth of natural changes. This delta has been explored, and
somewhat more accurately studied since the time of the French dis-

coverers, Iberville and Bienville, about a century and a half ago.
These Frenchmen gave their names to branches of the Mississippi
which now no longer exist. They built fortifications and beacons on
the then extreme spits of land, which are now situated far in the
interior. Tliey speak in their reports of sand-banks with deep sound-
ings upon them, which now have become inhabited islands. They
would in many parts scarcely recognise the old Mississippi delta in
the maps which we could now lay before them. No harbor can be
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undertaken in this delta, no water-work built in one of its bayous,

no channel can be cut, no sort of improvement proposed, but that at

once a question arises about the former events at that place, and tlie

men commissioned with the execution of the work must carefully

study the history of the locality where the contemplated improvement

is to be made.
Nearly the same is the case with the whole extent of sea-shore on

the eastern side of the United States, from Cape Florida to Cape Cod,

a line of more than 1,500 miles. All these shores are likewise low

and sandy, and form a barrier very easily affected by the attacks of

the mighty Atlantic. There is on this coast scarcely a harbor in or

before which changes have not taken place at some period or other.

The far stretching beaches of North Carolina, of Maryland, and New
Jersey, have been broken through by the waves at diiferent times and

places; and the same waves have shut and filled up in another year

the gaps they had previously made. The whole coast of New Jersey

is believed to be in a state of subsidence. Entrances formerly navi-

gable have completely disappeared ; and some of these ocean doors,

the history of which we are somewhat acquainted with, appear to

have been alternately opened and shut again nearly every ten years.

The spit of land which forms the famous cape of Sandy Hook has

been in the course of 50 years four times an island, and four times

again a part of the mainland.

To watch closely all these changes, and to follow them and lay

them down on paper with rule and compass, would have no other

than a historical interest for us, if they did not follow in their mo-

tions certain luios, if the currents, waves, and gales of the ocean, with

their destructive results, operated accidentally like the flashes of

lightning, which fall now here and now there. But from what little

we know it is quite evident that such laws exist, that the Ocean in

his attacks follows a certain strategic plan—directing his unwieldy

powers for one period constantly in a certain way, and for perhaps

another century in an opposite one—leaving certain points unharmed,

and assailing others with uniform persistency. But if the ocean thus

follows a certain plan, then it is obvious that this plan is worth

studying ; that we must try to avail ourselves of some such strategic

art as may enable us to countervail its action, and prevent or at

least avoid mischief; and that it is in many respects most essential

for us to know the points which have for ever remained safe, and those

which are the most exposed, and the manner in which they have been

and probably will continue to be assailed. And there is no other

means of acquiring this information than by constantly, from year to

year, daguerreotyping the physiognomy of these coasts, and in this

way detecting the laws of those unwieldy movements.

On this side of the Atlantic there are only the coasts of Maine and

parts of New England which are so rocky, so elevated, so soundly

built by nature, that they may almost be called unchangeable, and

for which, consequently, former maps, in respect to .the observation

of physical changes, would be of little use. But even in the neigh-

borhood of these coasts there lie, on the bottom of the ocean, many
broad banks and shoals the soundings of which may not be always
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the same, and which should therefore be watched and studied in like

manner. At all events, those solid and unalterable coasts of Maine

form a not very considerable part of the entire coast of this country
;

and I repeat it, therefore, that in the whole domain of the active com-

mercial and navigating nations of the European stock there is no

country which so much as this is in want of those documents and

records of the past which we call maps and charts.

Vin.—ON TUB DIFFERENT CLASSES OF MAPS.

The interesting matters which are subject to geographical distri-

bution, and which are at the same time capable of a graphical repre-

sentation on maps, are very numerous ;
nay, we may say they are

innumerable. There is hardly any phenomenon either in the moral or

in the physical world which does not undergo some change according

to the position of its birthplace on the surface of the globe
;
and these

changes and their degrees may almost always be expressed by lines,

shadings, and colors. Consequently, our geographers now present us

with many different classes of maps—physical, hydrographical, poli-

tical, historical, moral, administrative, &c. The question, then,

arises, whether we should admit into our intended collection all these

classes of maps or not.

The chartographical art originated probably everywhere with tra-

vellers by land and sea and their requirements. All the maps which

we see mentioned in ancient times were probably more qr less of this

kind ; as, for instance, those which the Greeks received from the

Phoenicians, and which they improved upon ; so, too, the maps of the

Romans, who scarcely mention any other tlian travellers' maps, called

'' itmerariajncfa," (painted itineraries,) of which a separate class was

formed by the " itmeraria maritima," (marine itineraries.)

By far the greater part of the maps painted during the middle

ages belonged to this class, and more especially to the class of

marine maps ; because the greatest map-makers of that time, the

Venetians and other Italians, were also the greatest navigators. Thus

we see that the art of map-making particularly flourished among the

great trading and navigating nations—the Phoenicians, Greeks, and

Italians. The different classes of chartographical works for which

they had names in the middle ages related all of them more or less

exclusively to the hydrography of the sea. Very common, for in-

stance, were the so-called '' portulanos," or indicators of harbors.

The '^isolarios" (books of islands) form a very curious sort of com-
position, also probably designed for the special use of mariners. In
these insularies the authors represented and described all the most
important islands of the world, which they separated from their sur-

rounding continents.

Next to travellers and navigators, probably the great conquerors
of the world were the first promoters of the art of depicting tlie sur-

face of the earth. The desire to know exactly what had been taken
possession of, and to see his whole empire as it were at a glance, has
been entertained by every conqueror. Sesostris, Alexander the Great,

C^ar, the Arabian caliphs, were all accompanied on their marches
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by astronomers and mathematicians for that especial object. Cyrus

of Persia, Augustus of Rome, and the Emperor Charlemagne^ after

having accomplished their military work, sat down, and surveyed and
painted it. Even Joshua, as we are told in the Bible, did this with

his little territory of Palestine, when he had settled there the twelve

tribes.

From this class of maps, made by conquerors and distributors of

land, have grown our official government surveys, which often are

very valuable, because they are made without a too great fear of

expense. They generally contain the most important information as

regards the political divisions of the country, and for the adjustment

of boundary questions. Sometimes, being particularly destined for

government use, they have not been given to the public, or at least not

to any great extent. With respect to America we have many most

important publications of this character, made by the French and
British governments for Canada ; by the British atlmiralty for nearly

every part of America ; by the Spanish hydrographical depot in

Madrid for Spanish America; and by the Land Office, Topographical

Bureau, the Coast Survey Office, and other branches of the United

States government, for different parts of the territory of the United

States. The governments of Brazil, of New G-ranada, and other

South American States, have likewise caused splendid publications to

be made descriptive of the territories under their dominion.

The observation of the stars and the movements of the other

heavenly bodies seems to have attracted the attention of all nations at

a very early stage of their civilization. And at a no less early period

questions arose respecting the origin, formation, extent, and configu-

ration of the world inhabited by us—questions which are intimately

connected with astronomy. The attempt to depict to the eye the

result of the investigations that ensued naturally led to the construc-

tion of the first astronomical and cosmographical maps.

But astronomy, although a very ancient science, remained in an

infant state for thousands of years, and the first steps in the progress

of navigation and discovery were very slow. We may say that, until

the time of Columbus and Gama, nations had no accurate knowledge

except of their immediate neighborhoods, and their deeds were per-

formed on a very narrow stage. Hence, for thousands of years, the

art of constructing maps made very little progress. The maps which

were in use in the time of Columbus are not much better than those

which the Alexandrian geographer Agathodasmon had composed for

the work of Ptolemy a thousand years before. They do not include

a greater extent of country, they exhibit no other facts, neither do

they show any great improvement as regards the position of locali-

ties upon the' earth's surface. In fact, the old maps of Ptolemy's

Geography were even then considered as a great authority, and were

often copied exclusively.

After the discovery of America and the countries bordering on the

Pacific ocean and tlie Indian sea, the extent of the known and habi-

table world was much increased and the figure of tlie continents

and the limits of the oceans were more correctly given on the

maps. But it was still very long ere the classes of interesting facts
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represented on the maps were enlarged and the manner of depicting

them improved.
Sometimes, it is true, an attempt was made to represent on the

maps certain physical features of the earth, resulting from geograpiiical

position. Thus, for instance, we have very old maps on which the

whole torrid zone is overlaid Avith a glowing purple color, to indicate

the extreme heat of that part of the world. Here we see the first

rude hciiinning of thermographic maps. When the great discoveries

of the iPortugese and Spaniards had astonished the civilized world

with the sight of the strange products of harharous regions and with

the accounts of the savage customs of their inhabitants, it became

the fashion among chartographers to embellish the different countries

and islands on their maps with figures of grotesque apes, of enormous

snakes, of birds of brilliant plumage, of the precious pepper and

clove tree, and of the fightings, butcherings, and feastings of can-

nibals. These representations also did good service in handsomely

filling up vacant spaces, and thus, in a measure, concealing the artist's

ignorance of the interior of the countries delineated.
_
As these figures

were not very accurately distributed, according to latitude and longi-

tude, we see in them our zoological and mineralogical maps only in a

very embryonic condition.

It appears particularly strange that the ocean should have remained

for 60 long a time a perfect blank on the maps. Water for the old

map-makers was nothing but water, and they represented the whole

aqueous surface of our globe as a perfectly unvaried desert, on which

no interesting change of any kind could be observed, and which,

therefore, they colored blue throughout or covered with uniform lines

and stripes. It did not occur to them that the surface of the ocean

offers nearly as much variety in color, depth, temperature, and fitness

for locomotion as the surftice of the dry land itself. And long after

they had become acquainted with many of these peculiarities they did

not mark tliem on the maps.
That the ocean, Ih certain parts, was covered with sea-weed was

known since the first voyage of Columbus. Indeed, we find the so-

called Sargasso sea alluded to in much earlier voyages of the Portu-

guese along the coast of Africa, And yet nobody tried to indicate this

remarkable ieature on the marine maps, as had been done long before

with the deserts of Sahara and other variations of the surface of the

dry land.

The Spaniards very well knew that some parts of the ocean are

rough and boisterous nearly all the year round, while others are

almost always calm. They had invented for these different states of

the ocean the most expressive terms : they called a certain rough part

of the ocean ''el Golfo de los Caballos," (the Horses' gulf,) and a cer-

tain quiet one " d Golfo de las Damas," (the Ladies' gulf.) Yet

though they painted the difference so well in words they never at-

tempted to express it by colors.

That there were certain regular currents in the ocean was also an

earlv discovery. The great Gulf-stream, for instance, was known as

early as 1512, or since the first voyage of Ponce de Leon to Florida.

This Gulf-stream is particularly well and completely described in
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Ovredo and in Herrera. And still nobody tried to lay down its

proper outlines on a map, which would have been the best way of

improving and correcting the knowledge of this important phenome-
non, so useful for navigators. We find on many maps, in the neigh-

borhood of Florida, legends like the following :
" Here the water runs

continually to the north." How easy, at least so it seems to us, it would
have been instead of writing this down, to paint it by a few strips

of color ! And yet to make this step the inventive genius of a Frank-
lin was required ; for it was he who, towards the end of the eigh-

teenth century, was the first to depict the Gulf-stream and its limits

in a tolerable manner on a map, and thus give the first impulse to

the improvement of our current-maps, which now form so important

a branch of the art. This general omission of the currents on the

maps is all the more strange inasmuch as geographers were long ago
accustomed to make an exception with regard to one particular cur-

rent. The famous maelstrom, on the coast of Norway, can be seen

on very old maps. We find it there regularly indicated with a long,

rough, spiral line. It did not strike the artists that what they did

here could, with great propriety, have been extended further.

The regular trade winds between India and Arabia, with their na-

ture, direction, and changes, were not only known but daily taken

advantage of by navigators for centuries. So, too, the trade winds of

the Atlantic were described, discussed, and used, at least since the

time of Columbus. Nevertheless, though these air currents flow with

nearly the same regularity as rivers, no map-maker gave any visible

hint respecting them to the navigators to whom he pretended to fur-

nish useful charts, until the time of our modern Eennells. Wind-maps
are also a very late invention of our centui-y.

That the level surface of the ocean covered very difierent depths

of water was ascertained in the earliest stages of navigation, the

sounding line being an instrument the necessity of which was soon

recognised. The able Spanish navigator Alaminos, for instance, not

to speak of many earlier ones, had explored tolerably well not only the

currents and directions of the winds in the Mexican Gulf, but also

that remarkable bank which runs along the west coast of Florida,

and is known under the name of "The Tortugas Soundings." And
yet it was not till more than two centuries after Alaminos that the

Spanish hydrographers began to depict that important feature of the

Mexican Gulf by running a dotted line round its limits.

The existence of the Banks of Newfoundland was known to the very

first discoverers of the eastern coast of North America. Nay, for a
long time these banks were the most frequented part of the North Ameri-
can waters, being visited, since the year 1504, by whole fleets of French,

Portuguese, Spanish, and English fishermen. To have a true conception

of their configuration, extent, varying depths, currents, and other cir-

cumstances, was almost of greater importance for all the navigating

nations of Europe than to know the configuration of the coasts of the

great continent itself. Yet, at a time when the whole east coast of North
America was already very well represented on the maps, we see the

George's bank, Nantucket shoals, and the other great banks before this
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coast, either not given at all, or else in a shape so little like reality

that it would have been almost better to leave thein out altogether.

The otlier qualities of the bottom of the ocean, its deep valleys and

lofty mountain-ranges, were of course not noticed in an age which

did' not possess our deep sea-sounding instruments, and which had

also no practical occasion for such explorations. This i)ractical in-

terest has existed only since the question has been mooted, where we
can lay with safety our electric wires for the connexion of the two

continents. For this purpose we now explore those hidden recesses,

and we may expect that ere long our pictures of the oceans will pre-

sent as great a variety of scenes as do those of the dry land itself.

Before the middle of the eighteenth century, we scarcely find any

trace of a separation of political and physical maps. Although the

world possessed the most interesting and learned works on the plants,

the animals, the nations, &c., of all parts of the globe, still it seems

not to have occurred to any one that some of those subjects could be

treated in a much more successful, concise, and impressive manner in

a map, until, about the year 1790, a German (Mr. Crome) made the

first attempt at composing a special map of the vegetable productions

of the earth. At the beginning of the nineteenth century, Lehmann
invented an improved method, or rather the first good method, of re-

presenting on maps the mountains and other inequalities of the sur-

face of the earth ; and from that time date our orographical maps.

At a little later period, another German, named Bernhardi, began to

compose maps on which the languages spoken in different countries,

with their extent and limits, were indicated by colors and lines ; and
here we have the origin of our ethnographic and linguistic maps, which
have found so much favor with the public.

Geological maps scarcely had an existence before the year 1820.

After that year, geology, though still young, rapidly became a favorite

science, and many geological maps were published in quick succession.

Some of the first savants of Germany and France, Leopold von Buch,

Elie de Beaumont, and others, who saw that geology could scarcely

exist without maps, themselves condescended to the task of preparing

these indispensible drawings. At present there is hardly any country

concerning which an attempt, at least, has not been made to give

anatomical pictures of what is contained beneath its surface.

When, at last, the ice was broken, progress in this direction was

rapid, and soon the German chartographer Berghaus composed his great

Physical Atlas of the Globe, in which he introduced at once quite a

number of new classes of maps, mineralogical, meteorological, clinia-

tological, hyetographical, palajontological, tidal, and moral, which

twenty years before had not been dreamed of. New fields of investi-

gation were opened in every direction, and we began dimly to fore-

see of what further development this new art was capable.

If it be asked now, with respect to our special object, whether we
should include in our collection not only the commonly so called^ geo-

graphical maps and charts which have been made from olden times,

b.ut also all these new physical, moral, and other maps of recent

invention, I believe there can be no doubt that we should answer this

question in the afiirmative.
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What reason could be given for admitting the old and rude sketches

of coast lines, river courses^ and mountains, made from the time of

Columbus, and which form only a very small part of what constitutes

the body of a continent, and excluding all the equally useful and
necessary pictures of the distribution of its animal, vegetable, and
mineral contents ? Why should we be satisfied with the mere outlines

of the political boundaries of states, provinces, counties, and cities,

when the Indian tribes, European races, languages, customs, manners,
crimes^ diseases, &c. , are equally subject to geographical distribution,

and can be delineated with the same precision and clearness?

With Columbus commenced the hydrographical discovery and char-

tography of America. The geological discovery and chartography of

America began only a few years ago. Our first geological maps of

America of this century were as rude as the hydrographical maps of

the beginning of the sixteenth century. For some parts of the conti-

nent tliey have been greatly improved, for other parts they are still in

the first stage of development, and for many they do not exist at all.

These geological maps are now just as much scattered through all

sorts of books, offices, and depots, as were the hydrographical maps of

the olden time ; and unless we make complete collections of them now,
while it is possible, the rapid progress of science will cause them, in

like manner, to disappear. They are equally valuable, moreover, as

scientific documents ; they mark the point at which we have arrived,

they show what still remains to be done, and they serve as a solid basis

to build further upon hereafter. If we should collect and preserve the

one class, there is no reason why we should not likewise provide an
asylum for the other ; and why we should not, by an historically and
chronologically organised collection of all the attainable geological

maps of America, enable our successors to trace the progress of this

department of knowledge step by step ?

And what is true as respects geological maps, holds good also with

regard to the botanical, zoological, magnetical, ethnographical, and
other numerous classes of maps. Each of them has had its beginning,

each has inaugurated a discovery of America in a new sense, and each

\& capable of progressive and indefinite improvement,
I therefore do not hesitate to pronounce that we should collect and

register every map of every description on which a successful attempt
has been made to depict any feature of the country that is subject to

geographical influences, and is capable of being more accurately con-

veyed to the mind by means of colors and lines than by mere verbal

description.

IX.—ON THE CHOICE AND SELECTION OF THE MAPS.

There can scarcely be a doubt that we should aim at completeness

in our collection of former American maps. This, it is evident, should

be a guiding principle, if our collection is to become essentially useful.

We should have of every part of the continent a connected series of

representations, which will explain each other, because they have

grown out of each other.
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Nevertheless, though completeness ought to be our aim, still it is

evident that this completeness must have its limits. The number of

maps which have been published of the New World and its parts is

so extremely great, that the labor of procuring them all would be
enormous. At the same time, tlie value of individual maps is so very

different, that while some form more or less essential links of a com-
plete chain, others are so valueless for the purpose contemplated that

we may, without regret and without loss, refuse them admission to

our collection.

It is necessary, therefore, to make a critical selection ; and to guide

our choice in this respect, we may first divide all the maps that pre-

sent themselves for admission into two great classes, namely, maps
made by discoverers, navigators, and travellers on the spot, and maps
which were afterwards composed at home, from the original sketches,

by official geographers and learned map-makers. In selecting from
that most interesting class of documents, maps from actual survey, we
should use great caution in rejection, while a certain severity of criti-

cism is allowable and even demanded in admitting maps formed by
compilation.

When an explorer penetrates into a new and hitherto unknown
region, everything that he hears and sees, all that he collects and
puts down in his journals and maps, has an especial interest. How-
ever rude his draughts may be, they comprise all that is known of that

region for the time being. They are liable to be copied and imitated.

a hundred times over, and in this way often become of high historical

interest, even when in many respects false, on account of the influence

they have exerted on the geography of their age.

Thus, to take a very striking example, the famous Baron La Plontan

was certainly, in many respects, but little entitled to credibility. He
composed, and published in his work, a very fanciful map of one of

the great western affluents of the Mississippi, and of another adjoining

river, flowing towards the west, to a supposed great salt lake. Accord-

ing to his own statement, he drew this map partly from actual survey

and partly from a report, and a sketch on a deer skin, given him by his

Indian friends. This map departs very widely from nature, and yet

it is a not unimportant document in the history of American geogra-

phy. As the baron was a bold and enterprising traveller, wlio soon

became celebrated throughout Europe, his book and accom{)anying

maps were repeatedly published, and attracted so much attention that

thousands implicity believed what he reported of regions which were
not visited again for a long time after. His fanciful map was adopted

by geographers, copied many times, and inserted in all the maps of

America of that time. We could not understand these maps without

a look at the original draught of Baron La Hontan, which was the

source of all those erroneous conceptions. Even as late as the latter

part of the eighteenth century, we find maps reproducing La Honton's
great river and salt lake. In a documentary history of American
geography, therefore, this map, which, erroneous as it was, exerted

so great an influence on map-making, should, by all means, find a

place.

The same principle is applicable to many similar cases, as, for in-
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stance, to all those rude sketches of interior parts of America, which,
on different occasions, have been drawn by the Indians on skins or the
bark of trees, and which sometimes were the first guides, by the help of
which Europeans were enabled to find their way. Such Indian maps
have often been considered as conveying very valuable information, and,
consequently, have been sent home to England or France by governors
of provinces, have been copied by European geographers into their

works, and have then been deposited as valuable documents in the
archives of state, or have been found worthy, as historical curiosities,

of being preserved in the British Museum and in similar splendid
collections. Nay, there are still some parts of America, as the interior

of Brazil and Labrador, and the vast territories of Hudson's Bay,
which are delineated on our maps on no better authority than that of

an Indian sketch or report. It is evident, then, that we cannot
neglect the study of these aboriginal productions, but must give them
also a place in our collection.

If we now turn our attention to that large class of maps which have
not been made on the spot by travellers themselves for the sake of per-

petuating their discoveries, but which have been compiled at home,
either for general instruction or to serve the purposes of commerce
and navigation, we must begin by subdividing them into ancient

and modern maps, and, with respect to their authors, into those which
have been constructed in the cabinets of scientific individuals, or in

hydrographical and topographical bureaus, and those which have been
made in map manufacturing establishments, by the traders and copyists

who live on the knowledge of others. Some of the old maps, which
have been compiled by careful students of geography, have nearly as

much historical value and importance as original maps from actual

survey, nay, sometimes more.
Ribero, the celebrated cosmographer of the Emperor Charles V.,

compiled in the year 1528 a map of America, for which he used the

actual surveys and draughts of different discoverers, which at that

time were still extant in the marine depots at Seville. Ribero laid

down on his map the coasts of North America after the drawings sent

home by Columbus, Ponce de Leon, Cortes, Garay, and other Spanish
navigators and conquerors. He traced the coasts of Peru, so far as

they were known in the year 1528, by the progress of Pizarro. For
the coasts of Venezuela, Guiana, Brazil, and Patagonia, he had before

him the charts of Pinzon, Cabral, Solis, Magelhaens, and many
other Portuguese and Spanish explorers. Of the original maps and
actual surveys of all these celebrated men nothing or very little is

now left to us ; but by a careful anatomy of the map of Ribero, and
by resolving it into its elements, we could to a certain degree supply
our want of sources from which it was compiled, and restore to each
explorer what originally belonged to him.
The same may be said of many ancient compiled maps wliich we

find scattered through the editions of Ptolemy, or in the works of

Ramusio, Munster, Mercator, Ortelius, and many other diligent col-

lectors, who were never themselves in the field, but whose compila-

tions give us more or less faithful copies of actual surveys, and serve

us in their stead.
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It is evident, then, that the ohler a compiled map is the more origi-

nal matter it may he supposed to contain, and that often tlie entire

picture in all its parts will be unique to us. But even later maps

may sometimes have the same value, at least for certain parts of their

contents. The famous and interesting globe of Molineux, in the Mid-

dle Temple in London, is in many respects only a copy from copies of

other well known maps. But for certain northern parts of North

America, Molineux had before him the original draughts brought

home by Drake, Baffin, and other English navigators. He copied

those draughts, and transferred them to his globe, which is now the

only authentic thing in the way of maps transmitted to us from those

navigators. That part of Molineux's globe, therefore, possesses for

us the authority and value of a most precious historical document.

In such a case we should copy if not the whole at least the most im-

portant parts of the map to be inserted in our collection.

But neither should all the works of compilers who had few or no

original documents before them be rejected by us, if that is true which

a biographer states of the great French map-maker, D'Anville.

"D'Anville," he says, "combined with vast information a very fine

and experienced eye. In the enormous mass of materials offered to him

for the construction of his maps, he quickly discovered the right from

the wrong, and seemed sometimes by a kind of critical instinct to re-

cognise the truth." D'Anville's maps, therefore, were not mere

compilations ; they were new creations. By adopting the mean of all

the differing lines offered to him, which were all wrong, he drew upon

his map the correct line, and thus produced something new, which was

truer than all the rest.

Such men as D'Anville gifted with such a decided genius for geo-

graphy are rare. But they appear sometimes, and then they generally

correct so many errors, discard so many old prejudices, and base their

productions upon such a solid foundation of truth, that they become

the models and guides of their successors, as if they had been dis-

coverers themselves.

The old cosmographers of the 16th century, Sebastian Miinster

and the still more excellent Ortelius, were men of this stamp. They

first led the way in map-making and geography, and were called the

Ptolemies of their age. The maps of Ortelius, in particular, served

as the basis of all the similar works undertaken after them.

Hondius, Blaeu, Nicolaus Vischer, Sanson d' Abbeville, and Duval,

among Dutch and French geographers, took the lead in this branch of

science and art during the 17th century. Sanson d' Abbeville has

been called the creator of geography and map-making in France.

Delille and D'Anville, in the 18th century, effected great improve-

ments in the maps of their age, although not travellers themselves,

merely by the help of critical study and sagacious combination.

Such men as these, whom I mention only as instances, possessed the

confidence of their governments. To them were laid open all the

materials concealed in hydrographical and topographical archives.

They made themselves masters of this undigested matter ;
and because

they put on their maps no line, point, or name about which they had

not studied everything within their reach, and for which they had not
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the best existing authority, their works must be considered as the

very type of the knowledge of the age. Their maps make an epoch
for every country which they touched upon, and may sometimes pre-

serve to us features for which every other authority is lost.

It is observable in the history of every art, but especially in the art

of map-making, in which so much indolent and servile copying has
been going on^, that the real work is done by a comparatively few in-

ventive and ingenious minds ; and it must be our particular care to

find out those men and those maps which, in any respect, have taken
the lead.

Sometimes we cannot use all that such a man has left us, but only
a few of his productions. Thus, for instance, we would not use all

the maps of Hondius ; but to leave out those which he compn)sed of

Guiana, for the discoveries of Sir Walter Raleigh, or for the voyages
of Drake and Cavendish, would be an unpardonable omission.

So, too, we might dispense with most of the maps of the French
geographer Robert de Vaugondy ; but we ought not to neglect his

atlas of the Arctic polar sea, which gained him so much celebrity.

In the same manner other geographers_, like the painters, had their

favorite subjects and their master-pieces. Only a few, like Ortelius or

D'Anville, deserve that everything they produced should be collected.

With some we must not be content with a single edition of their

maps, but must endeavor to procure them all; because each issue was
caretuUy revised and augmented with new discoveries, so that every

one of these additions is a mark of progress.

The productions of the few great and learned geograjjhers who
took upon themselves the painful business of map compiling were
afterwards, when once published, coj)ied and recopied by a host of

manufacturers of all nations A D'Anville was edited and. re-edited,

in England, in Germany, in the Netheidands, sometimes tolerably

well_, and sometimes very ill; sometimes with additions and so-called

corrections, and sometimes without; sometimes under his own name,
and sometimes under the name of his })lunderer. And frequently these

copies were copied again in distant countries; and thus the light which
D'Anville threw on the configuration of our world, became at each

remove from the original more diifasied and obscure.

To adopt into our collection all these copies of copies would be
worse than useless ; though even here an exception may occasionally

be made. Some mere map manufacturers were so very active, and
managed to introduce their productions so generally into the market,

that they played from this very circumstance an important part in the

history of geography. They were introduced into schools, libraries,

commercial towns^ and even into the ships of navigators. They
exercised, not a very well deserved or beneficial, but a very important

influence on the spread of geographical knowledge, and even on navi-

gation and the progress of discovery, and they therefore must not

quite escape our attention.

Numberless maps have been constructed, not merely with want of

care, but with the evident intention of falsifying geography. The
reasons for doing this have been manifold. Sometimes learned men
have represented the position of places or the configuration of coun-
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tries falsely, with the view of sustaining a geographical hypothe-
sis. Explorers, too, have often committed this sin, in order to add a

little to their glory, by magnifying the extent of their discoveries,

and especially by carrying them to a higher latitude than had been
done by others. Maps have also been falsified officially by govern-
ments, either for the purpose of concealing from foreigners the assail-

able points of their territories, or for giving to their boundaries a
greater extent.

Even such false representations should often be comprised in our
collections, especially when they may still become the object of some
important scientific or political discussion.

Falsifications of maps at the instigation of trading associations,

railroad companies, and other speculators, are also not rare. On one
occasion a map was published of the State of Maine, liberally fur-

nished with an assortment of fabulous rivers, which were represented

as navigable to certain points ; and all for the purpose of enticing

land buyers, wood-cutters^ and settlers to those localities. With
such fabrications we, of course, have nothing to do.

Xin.—ON THE ARRANGEMENT OP THE COLLECTION.

It is evident that a mere accumulation of some thousands of maps
without order would be of little or no use, because in every case in

which we wanted to refer to them the trouble would be enormous.
What principles, then, are to be adopted for bringing order out of

this chaos ?

If we had here to treat only of a narrow spot, of a limited country,
then a simply chronological arrangement would be sufficient. But
having before us a large continent, more or less connected with all the
rest of the world, composed of many extensive regions, and contain-
ing numerous important rivers, harbors, and cities, an adherence to

the chronological order alone would be far from satisfactory. If the
maps of Canada were mixed up with those of Patagonia, and the
special surveys of the harbor of New York with the general maps of
America, according to their time of publication or composition, the
trouble of search would still be immense whenever we wanted to con-
sult the maps with respect to a certain point.

Hence it is evident that, while a chronological arrangement should.
pervade the whole, geographical distribution should be resorted to for
reducing the collection to manageable subdivisions.

In accordance with these views, we would propose to put in ami

introductory class all those old maps of the world, by whatever natix)ni

produced, in which some indications or conjectures may be found s^ to>

the existence of islands and countries beyond the limits of the krM>wni
old world.

When the new world was discovered, the mind of the Europeam
public was at first principally occupied with the general questions as.

to what this country might be, how far it might extend, and lh: what,
relative position it might stand to the rest of the world. Far-rgaching:
voyages were undertaken, in order to ascertain the great onilines of*

the whole, before attention was directed to the study of the pajctirularc

9s



130 LECTURES.

parts. For a long period, therefore, scarcely any but general maps
of the entire continent were produced.

It is proposed, then, that the second class of our collection shall

consist of those general maps of America which show us the configu-

ration of the continent, its position on the globe, and its relation to

the other parts of the world, as these were gradually developed by
years of exploration and study.

,

It is only in our time, as it were, that America has been fully cir-

cumnavigated and its general features completely made known. We
may therefore bring this division of our maps down to these latter

years ; though, of course, among the enormous mass of modern general

maps of America, only those should be selected which really exhibit

some important change in the general outlines.

Since the geographical pictures of the northwestern part of Europe
and of the northeastern part of Asia belong, in a certain degree, to a

collection of American maps, because these countries approach the

new world, and were for some time thought to be connected with it,

the old maps of these countries down to the time when this supposed

connexion was disproved will form two lateral and supplementary
branches of our collection of the general maps of America.
America was at first supposed to consist of two separate islands or

continents, afterwards discovered to be connected by a narrow isthmus,

which we call North and South America. These two great bodies of

land belong to opposite hemispheres of the globe, are separated from
each other by broad waters, oifer many contrasts in their physical

features, and have had, to a certain extent, their separate histories

;

consequently they have in general been treated separately by geogra-

phers. This circumstance gives occasion for a third and fourth divi-

sion of our collection—one of which will comprise all the maps of the

northern, and the other those of the southern continent.

North and South America are each subdivided by nature, as well

as by history, into different large portions. According to the prin-

ciple of division adopted, we might dissect them in almost num-
berless ways ; but for various reasons it would seem best to submit

in this respect to the dictates of custom, and follow the })ractice pretty

generally adopted by map-makers, geographers, and the public at

large.

It is customary, for instance, to use the term Eussian America as

the name of that broad northwestern peninsula of the continent which
is possessed by the Russians. In adopting this name wo follow as a
principle of division the dominant nationality. Everybody knows
what is meant by the Arctic regions of America—a name derived from
the position of these regions on the globe ; and nearly all geographers

adopt the division of Canada and Canadian maps, which designation

is derived from the political name of the country, and corai)rises, more
or less, the maps of the great St. Lawrence basin. Another division

has been made of the Mississippi valley ; though this forms only a
liydrographical whole, and does not correspond to a political parti-

tion. Brazil, Patagonia, Peru, &c., are other great names which
everybody uses and understands.

We theielbre adopt all these and other customary divisions, and
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foriu the different classes of our map collection after tliem. Before

enumerating, however, all the divisions which are thus obtained, it

will be proper to determine the order in wliich they should be arranged.

America was tirst discovered on its eastern coast, and in its central

parts, the Antillian islands. Thence discovery spread to the south

and to the north, and after some time reached the western coast. The
same direction that was taken by the discoverers was afterwards fol-

lowed by settlement and colonization. The march of American history

has been a movement from east to west, and from the centre towards

the north and south. Upon the whole, therefore, we shall arrange

the divisions of our collection in the most natural way, by pursuing

a similar order. They will thus succeed one another as follows, viz :

1,

—

North America.

1. The Antilles and Caribbean islands.

2. Mexico and Central America.

3. The Atlantic slope and general maps of the United States.

4. Canada.
5. The Mississippi valley.

6. California, or the Pacific slope.

7. Labrador and Hudson's Bay countries.

8. The northwest coast of America.

9. Greenland and the Arctic regions.

10. Russian America.

2.

—

South America.

1.
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have, at different times, had a very different signification. The name
Canada, for instance, formerly covered much more, and that of the

United States much less, ground than now.

No arrangement^ however, that we can adopt will enahle us^ in all

instances, to find under one head every map that is explanatory of a

given country. We can only expect to find the jirincipal things

united under it, and must always he prepared to search somewhat in

the neighhoring divisions. Thus, if a person would study, with the

help of our collection, the geographical history of the La Plata river,

he must consult, hesides the maps placed under that head, those also

which are contained in the divisions of Brazil, Patagonia, Chile, and

Peru ; hecause, if not the whole, at least some branches of the river

may at times have been represented under those heads. It cannot he

expected that a collection like o^irs should altogether do away with

trouble, study, and research, but only that research should be made
easier, or rather we should say, in many instances, possible.

For the beginning, and for a limited historical collection of Ameri-

can maps, the divisions named would perhaps suffice. Whether
these different classes should again be subdivided, and how far the

subdivisions should be carried, whether to the history and chartogra-

phy of every province, county, port, and town, would depend on the

development given to the collection. That in many parts of America,

at least, we might come down in a useful and satisfactory manner to

very small divisions, there is not the slightest doubt. It might be

useful to provide, at the very beginning, a special receptacle for the

maps of some very important points, such as the harbors of Boston,

New York, Havana, or Rio Janeiro.

A further question arises with respect to the place to be assigned to

maps commonly known as physical, geological, zoological, tidal, cur-

rent, wind, &c. Shall they be mixed up according to time and place

with all the rest of the maps, or shall we make of them separate divi-

sions ? Shall, for instance, a geological map of Peru of the year 1830

be placed along with the topographical and political maps of that

country of the same period ?

If the geographers of America had, from the beginning, made
geographical, geological, and all other descriptions of physical as well

as historical and political maps, and if they had all been developed

in equal degrees, and in parallelism with each other, then I would say

that all the different species of maps of each part of the continent

might be strictly arranged together according to chronology, as such

an arrangement would give a better and fuller view than could other-

wise be obtained of the whole growth of knowledge respecting that

country.

But as the case actually stands, I believe it would be better to col-

lect the physical maps separately—at least the greater part of them.

Natural history is a very recent science^ and the chartography of

natural history is newer still—is only in its childhood. Political and

so-called topographical maps we have in great numbers. Physical

maps are still very few and scarce. They would be in a manner lost, if

we were to combine them with the overwhelming bulk of the former.

We have, for instance^ some hundreds of topograj^hical and political
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maps of Russian America, but only one or two attempts at a geologi-

cal survey of that country. If we should chronologically interlink

the latter with the former class, we would always have much trouble

to discover them again.

Then again, the American waters—I mean those parts of the ocean

which belong more or less to this continent—have had different physi-

cal mai)s constructed for them, (such as maps of tides, currents,

winds, '&c.^) but never any political maps, (which, by the by, is a

somewhat curious omission, as certain political divisions and limits

on these waters might readily have been discovered.) How could we
connect the physical maps of our oceans with those political divisions

of the continent? I therefore believe that it is better to separate

altogether the few physical maps which we possess from the_ topo-

graphical and political ones, and to collect them into special divisions.

This could be done in different ways, either by forming an entirely

separate body of the physical maps, or by forming them into a kind of

supplement to each of the great and small divisions of the topograph-

ical and political maps.
If we should adopt this latter plan, then, under such heads as "Mis-

sissippi valley," or ^' State of New York," would first be given, in

their chronological order, the topographical and political maps, and

after them the botanical, geological, zoological,, and others. This

would afford the advantage of having the entire body of information

respecting any one region in one and the same place.

But I believe the number of physical maps would be too small even

for this manner of disposing of them. The physical features of the

different regions have not, as yet, been figured much in detail. It is

true we have not only general geological maps for the whole of Ame-
rica, but also now and then a special one for a State or some other

smaller country. But for many other branches of natural science

there exists either no map at all or only very general ones. Where,
for instance, shall we find a zoological,, climatological, or magnetical

map of Massachusetts or Rhode Island ? Many extensive regions of

America are as yet so little known, that we are happy to have even

their more general physical features traced in a more or less accurate

way. If^ therefore^ we should make preparations for supplements to

every one of them for the reception of their physical maps, we would

often find nothing wherewith to fill these supplements, I think,

therefore, that the best plan of proceeding would be to put the small

number of our physical maps by themselves, and to prepare for them
a special department, co-ordinate and supplementary to the great

body of topographical and political maps.
If this be so, the question next arises, how should we organize this

separate body of physical maps ? Ought we to proceed here in the

same manner as with the classification of the other maps ? Shall we
first collect the general physical maps of America, and then those of

particular river basins, empires, States, provinces, &c. And shall

we repeat this for each of the different branches of natural science

—

first, mineralogy, then magnetism, and so on?
The present state of our chartography hardly warrants the adoption

of such a plan. For many branches of natural science we possess no
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special maps of small territories at all; and for some, probably, we
never shall possess them. Many natural features seem to sweep with
a certain uniformity over a large tract of country ; so that nobody has
ever thought of giving us a special wind map of the State of Dela-
ware or a zoological map of Long Island.

It is true that even in these extensive natural phenomena, which we
now portray only with a broad brush, we may, in time, discover some
regular local peculiarities worthy of being delineated on a map. In
some cases we have already discovered such local variations. Recent
observations have shown, for instance, that the deviations of magnet-
ical attraction^ even on such a circumscribed territory as the District

of Columbia, are very great ; and we may, in time, possess special

magnetical maps of the District and of similar small localities.

Modern observers again have shown how very peculiar and exceptional

are the movements of the great tidal wave in such a small Avater basin

as the Sound of Long Island, and they have tried to paint these pe-

culiarities on a special tidal map of the Sound. Cases like these,

however, are too exceptional to justify the adoption of such a ])lan.

For the present, therefore, we jH-opose that all tlie so-called physical

maps, to whatever science they may belong, shall be thrown into one
and the same great division under the general head of physical mops,
and that this division shall, for further convenience, only be subdi-

vided into those twenty-one great divisions into which we have divided

our topographical and political maps—that is to say into general
physical maps of the whole of America, and then into physical :iiaps

of the Mississippi valley, Mexico^ Brazil, Patagonia, &c. &c. To
these twenty-one divisions we may then add five or six divisions for

the physical maps of the American seas, which have found no place

in the topographical collection, one for the Atlantic ocean, one for the

Mexican Gulf, a third for the Pacific, and a fourth and fifth for the

Arctic and Antarctic oceans.

There are still many other classes of maps, which we cannot well

classify under the head either of topographical and political or of

physical maps, or which,' at least, we are not accustomed to consider

as a part of either.

First, there are the ethnographical maps, pretty numerous in this

country, where so many different native tribes are found. The
names and localities of these tribes and of different other nations have
often been put down on the general topographical maps ; and thus
ethnography is, to a considerable extent, included in those maps.
But in modern times maps have been constructed whose especial object

is ethnography, or the distribution of tribes and languages.
There are, also, the so-called moral maps, which exhibit tlie sta-

tistics of crime or of certain customs ; others again try to give us
the statistics and limits of the various diseases and other phenomena
among men. Some show the denseness of population in the different

parts of the country. We may comprehend all these under the

general name of statistical maps. Some geographers, as, for instance,

Berghaus and Johnston, have incorporated these ethnographical and
statistical maps in their atlases and collections of physical maps.
But it is evident that they do not properly belong there.



LECTURES. 136

There are, again, the road map«, the ohject of which is to show the

condition of a country as regards its turnpikes, railroads, canals,

bridges, &c. Sometimes the land offices compose special ma])s, to

indicate which parts of the country are taken up and which are still to

be sold. The post officios have maps for their special purposes. Maps,

again, are issued to show the number and distribution of telegraphic

stations, of magnetical observatories, of light-houses, and for num-
berless other purposes, important for the administratipn of the gov-

ei-nment. These we might term official or administrative maps.

It would no doubt be of the highest interest to have all these maps
collected and brought into a regular arrangement, according to class

and time. But in these respects, chartography has only made its

first steps—at least in most of the countries of this continent. It

would, therefore, for the present, perhaps, be advisable to throw all

the maps which we cannot place und&r the topographical or pliysical

heads into one and the same great division by the name of " miscel-

laneous mops," which might then be subdivided into the three follow-

ing orders : first, ethnographical, linguistical, and moral maps
;

second, statistical maps ; third, administrative maps.

In course of time, when chartography should become more devel-

oped and the number of maps increased, we might form for each class

and order a separate collection.

XIV.—LITERARY AID TO BE PROCURED.

What Ave propose seems to be, in some respects, a quite new and

unusual thing. Maps generally have been either constructed as second-

ary works to serve other purposes, to illustrate the books of travellers,

geographers, &c., or they have been collected in great chartographical

works called atlases, which show all the countries of the world as

they were known and depicted at a certain time. We propose to

separate them from those books, to cut up those atlases, and, extracting

those maps which we want for the illustration of our subject, America,

arrange them according to the plan of our collection, where they will

thus find themselves otherwise surrounded and placed in other con-

nexions.

The question may arise, if in this way we shall not endanger the

intelligibility of the maps, and likewise their usefulness ;
or whether

vre can suggest remedies to obviate, or at least counterbalance, these

contingent disadvantages.

To diminish at the outset these and similar apprehensions, we may
first observe, that many maps, both ancient and modern, have been

issued in loose sheets, without other explanation, or needing any, but

tliat contained in the maps themselves.

Again, geographical maps, it is obvious, have a double nature.

They possess the advantage over mere pictures of being literary as

well as artistic productions. They therefore can and generally do

bring with them much of the materials necessary for their own inter-

pretation. Even when connected with books, they admit, for the most

part, of being detached without detriment ; and this, perhaps, in a

higher degree than many statues, pictures, &c., which nevertheless
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we are accustomed to separate from their appropriate temples, palaces,

churches, bridges, &c., without scruple, though only capable of being
fully appreciated under their original and local associations.

Furthermore, it may be observed, that numberless maps have been
added to books, with a professed intention of illustrating and being
used in connexion with them, without possessing any real adaptation.

Travellers have embellished their reports with maps which ought to

have shown us their routes or illustrated the regions traversed, but
which, to our great regret, have neither served the one nor the other

purpose. We find sometimes in the maps certain descriptions and
names, and in the reports quite unlike descriptions and quite different

names. The same thing has often been done by historians, who have
related one thing in their text and depicted another on their maps.
In olden times many ancient maps of the world were added to

books which contain no allusion whatever to the maps ; for instance,

to Bibles, to religious treatises, to old chronicles of some province or

city, &c.
In all such cases, where the connexion of the maps with the works

is merely a casual one, we may without scruple separate them. The
maps will become more intelligible and useful by being admitted into

our collection and finding themselves surrounded there by old rela-

tions and associates. The shortest notice which we may add to our

copy or detached sheet, about the place or book from which it was
taken, will sometimes suffice to make amends for the whole loss sus-

tained in the separation.

In cutting up atlases and other collective works of .maps and dis-

tributing them through our collection, it is true, we dissolve somo-

times a beautiful piece of art into its elements, and, at the same time,

we deprive the isolated maps, to a certain extent, of that light which
they receive when they are considered in connexion with those collec-

tive works.

In old portulanos, for instance, the title-page and introduction

contain sometimes very curious, valuable, and characteristic hints

and materials respecting the geographical ideas which presided at

the construction of the work. Nay, the very frame-work and tlie

covers of these portulanos contain paintings and allusions for illus-

trating the spirit of the times in which they were composed. Besides,

in taking the whole portulano, or atlas, and comparing each part with

the other, we learn much that will serve for deciphering the hand-
writing and for better understanding the different signs made use of.

As a counterpoise to these objections, it should be considered that

if our maps lose some elements of intelligibility by being separated

from their old companions, they receive quite a neiv lightfrom those

ivith lohich we associate them. If a portulano by being cut up loses

something as an artistic work, it may be greatly enhanced by our

process in scientific and /wsfom- importance ; and then that light which
the maps of the same work threw upon each other in their original

connexion need not be quite lost by their separation. By means of

notes, or the catalogue, it will not be difficult to point out the region

of the collection where the related maps can be found and reference

be had to them.
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But how shall we deal with those maps which are designed as
genuine illustrations of a literary work, and are so interwoven with it

that map and book seem to form one inseparable whole, but which,
at the same time, would seem to be an indispensable complement to
our proposed collection?

Cases of this kind must be numerous ; whether in the instance of
discoverers and travellers, whose maps and narratives are sometimes
mutually explanatory, or in that of historians, whose plans and
diagrams can only be satisfactorily explained by the work for which
they were specially composed. Again : there are numerous scientific

maps—geological, magnetical, hyetological, and others—which can
be thoroughly understood only in connexion with their respective
works, and which nevertheless would fill a place in a series of pictures
representing to the eye the progress, development, and present state

of these branches of knowledge.
The statement of this objection shows that it cannot be our inten-

tion completely to dispense with literary help or renounce the assist-

ance of books. On the contrary, as we now proceed to announce, we
must have the books too ; our scheme must include a library of a cer-

tain extent and character. Our intention has only been to insist that
the chartographical documents should be put forward as the principal
thing, tliat they should not be mixed up with the books on the shelves,

or be deposited in corners of the library, as is their usual fate ; but
that they should stand before the eye as the prominent and independ-
ent object of the collection. This plan excludes the books only from
our chief and central compartment. It by no means refuses them ad-
mission as auxiliaries, or denies them the shelter of a side-room in our
establishment. In fact, our chartographical institute will stand so
continually in need of books of reference of various kinds, that we
would propose to lay the foundations of such a collection from the
very commencement of our enterprise. Its nature, limits, and manner
of arrangement, ought therefore to become an object of inquiry from
the first.

This auxiliary library, then, should first contain the historical works
and books of travels from which we have taken maps, and which are
necessary to explain these maps. Further, it should contain all im-
portant works on the subject of American discovery, geography and
history, and at least some good dictionaries of those languages in
which the legends on the maps have been written ; always, however,
keeping in view the subordinate character of the collection, and
restricting it to what is clearly indispensable.

Still more to circumscribe the requirements of our library, wo have
yet other means, which the nature of our maps suggests to us. We
propose to append to every map that may require it certain notes
touching its history, origin, and value. How this may be done in an
efiicient and tasteful manner I propose to show in the following sec-

tion, where I treat of the principles on which the exterior arrange-
ment of our collection is to be made.

. Here it may suffice to observe, that only in this way probably can
the inspection of any map be made in the highest degree useful,



138 LECTURES.

namely, by bringing at once and on the same sbeet before the eyes

of the inspector nearly all that he can require.

If he wishes to enter more deeply into the subject, if neither the

examination of the map alone, nor the comparison of it with prece-

dent and subsequent maps, nor our notes should satisfy him, then we

must refer him to our library; for anything beyond this he must, of

course, look to the treasures of science at large, to the great libraries

and scientific depots of the learned world. A collection like ours

has fulfilled its duty, and sufficiently asserted its right to exist, when

it brings to some degree of concentration and perfection a well defined

class of documents for the elucidation of the history of the Ameri-

can continent.

XV.—EXTERIOR ARRANGEMENT.

As the interior organization, so also the exterior arrangement, of

such a comprehensive collection of documents as we propose, has

its difficulties, particularly because it will be a changing, progressive,

and growing collection, and we must be prepared for a perpetual and

rapid increase.

The principal law of such a collection ought therefore to be,_ that,

although it is necessary at once to classify and organize, (for without

this, our little collection could not be rendered immediately useful,)

yet we should not make too permanent and unalterable preparations.

FliaUUty must he the x^rincipal quality of our arrangements.

The first consequence dictated by this law would therefore be that

the rooms assigned for our collection should be a little more spacious

than would be necessary for the number of maps which may be de-

posited there at first. Yet they need not and ought not to be very

lofty, because the receptacles for the maps should not be so.

These latter should not be higher than a man, so that the maps
could be reached easily, and handed down with one short move-

ment to the tables of exhibition, which in all cases should be near

the respective depots. The use of ladders, staircases, &c., should l>e

altogether dispensed with.

The repositories of the maps should, therefore, along their whole

range be accompanied by a series of broad tables on which to exhibit

the maps. The space between these ranges of repositories and tables

must be a little broader than is usual in libraries, in which the objects

to be exhibited are generally smaller. A particular attention should

be given to light, and this point is with us even more important than

in libraries, because maps olfer often very minute objects, slender lines,

and fine handwriting. In a word, well lighted, spacious, and not

very lofty rooms, would meet all the necessities of such a collection as

we propose.

In some chartographical depots the system has been adopted of

making every map into a roll, fastened with strings. These rolls are

labeled on one end, and on the label is written in brief the title and

number of the map. The rolls in every class or division of the collec-
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tion are placed in isiicli a way that they turn their labels towards the
interior of the room.

This arrangement has the great advantage, that when one particular

map is looked for it is not necessary to take out the whole parcel

to which it belongs, and to search for it among many other maps.
Each document can easily be selected by looking over the labels,

without disturbing the rest.

On the other hand^ however, this manner of arrangement, which is

observed in nearly all the American chartographical collections, and
which is excellent for their particular purposes, offers for ours some
great disadvantages.

First, the maps when they are rolled, and still more so when each
roll is put in a separate cylindrical box, as is done for protecting the
maps in the arcliives of the United States Coast Survey, take up a
much greater space than when the plain sheets in their flat state are
laid one over the other. We can easily put in one case of a moderate
size a hundred maps, sheet over sheet, while perhaps six times as
much space would be required if we rolled them. Besides, the rolling

of the maps, the unrolling and flattening them, the troublesome fas-

tening of the little bands, &c., have their inconveniences, and the
maps must be particularly prepared and strengthened for these often

repeated processes.

But the principal objection is, that the rolling system would be
directly against the spirit and tendency of our historical collection

:

this being destined to show how the maps grew out from each other,

it will often happen that a whole series of connected maps is to be
consulted. Here it is essential that the chronological order of the
maps in every division should always be preserved, which might be
difiicult in the process of unrolling, since maps thus managed would
always be liable to interfere with one another, and thus get into

confusion.

I am led therefore to the conclusion, that our maps ought to be
deposited flat in broad, commodious drawers, one above the other.

Labels with numbers and titles may always be added to each of them,
in case it should be considered requisite. The drawers will only
serve as a receptacle ; for carrying a whole division of maps out of

them, and for moving them to the tables for exhibition and back
again to the drawers, they may besides be surrounded by a portfolio

of pasteboard.

In no way, however, should our maps be bound up like the sheets
of an atlas or a book. They should, in the beginning at any rate, be
kept as loose sheets

; because, as has been said, the whole collection

must be pervaded by a spirit of progress and growth, and each article

be prepared at any moment to cede its place to another newly intro-

duced. Every map should also be ready for being transferred from
one class into another, and every class for separation into two or three
other classes, if the richness of materials in any division should be
such as to authorize it. Even the more ancient deposits of our col-

lection should be kept, at least for some time, in the same movable
state ; because the archives and libraries of Europe might always
throw up some old map which had escaped our attention. Sooner or
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later, however, for some division, (for instance, the old maps of Scan-
dinavia^ or those of Northeastern Asia^ or the maps of the world
before Columhiis, or the general pictures of America of the 16th
century,) there may arrive a time when we can deliver the loose sheets

to the binder, and form a finished and complete atlas of them., finished

and complete at least for a certain period and for a certain class.

The same may be done with propriety even in some branches of our
collection which are subject to perpetual changes and additions, when
we have carried these branches to their complete development through
a certain period. If we are sure, for instance, on the appearance of

a very excellent map of the harbor of New York, that we possess

pretty much all the other preceding surveys, we may then connect and
bind them, in a volume in chronological order, and may begin anew to

collect the following surveys for a subsequent volume. With these

different volumes and atlases, then, we would have at least reached
that useful and manageable form of exterior arrangement at which
we aim in regard to all our geographical documents.
Having now shown, in a gcineral way, what external accommoda-

tions we want, it remains still to inquire how every particular sheet

should be treated, to make it most serviceable to our purposes, and to

prepare and strengthen it for the most lasting use.

We have already shown, in a previous section, that with the map
itself a concise sketch of its history and origin and an indication of

its principal contents should be given on one and the same sheet. The
question arises, in what manner this ought to be done.

The maps, especially the ancient ones, have sometimes very curious

titles, given to them by quaint old writers. If we should give to a

map only this title, nobody would at first know what country was
meant by it. Sometimes the strangeness of the title arises from the

primitive but now obsolete names given to different countries. But
besides this, the titles of the maps are given in all sorts of languages,

in Latin, Spanish, Swedish, Dutch, &c. To apply only these titles

to our maps, and catalogue them under the same, would be very in-

convenient for English readers, for whom our collection is principally

destined. Therefore, all the titles of our maps should be in plain

English, and the countries, oceans, and other principal objects, should
bear in the added title the names by which they are now generally

known among English geographers. Otherwise, who would know,
for instance, that by the title "Tabula terrae Sta3 Crucis" (Picture

of the Land of the Holy Cross,) was meant Brazil, that " A Map of

the Country of Parrots," represented the Antarctic regions, or that
" Peruviana" was but another name for South America?
To the general title of the map the year of its production and the

name of the author should be added. If we do not know the year,

at least the century to which the map belongs should be indicated;

and if we cannot find out the autlior we should, at any rate, designate

the country in which the map was composed, as "French maj),"
" Spanish map," &c. Nor should the old original title of the map

—

though we cannot make use of it for the purpose of speedy reference

and of cataloguing—be omitted ; while there should also appear on
the map itself some more explicit information about its Origin, and
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some furtlier criticism about its contents, by wliicli tlie examiner
might be guided in his researches.

To procure space for these remarks and notes, we propose to paste

each of our maps on a broad sheet of strong paper, which woukl leave

a margin on both sides, where we could fasten narrow slips, on which
the short explanatory notes here spoken of might be introduced. In
addition to the original title of the map, they might contain brief ob-

servations on its author, some remarks on its value and principal con-

tents, the position which it occupies in the whole series, what addi-

tions and improvements it contains, &c., &c.

The slips on which these notes are to be written should be of white

paper, like the map itself. But we should prefer, for different

reasons, to paste the slips, as well as the map, on paper of a grayish

color. First, the contrast of the vacant and neutral-tinted margin
with the strikingly white maps and notes attracts the eye at once to

the principal things on the exhibited sheet. Then the grayish color

is not so subject to be spoiled by frequent use. Moreover, in this

way we bring our maps as nearly as possible, and as far as the

necessary considerations of space will allow, to the exterior appear-

ance of pictures. There will thus be presented a somewhat at-

tractive variety of colors ; not glittering, and strongly contrasted,

but suitable to the serious character of the collection. Nor should

this consideration be deemed unworthy of attention. The study of

the old maps has been neglected in some measure from their want of

attractiveness of appearance. To engage attention anew, then, we
should call to our aid such modest embellishment as taste and the

nature of the object will allow.

XVIV.—REVIEAY OF UNDERTAKINGS SIMILAR TO THAT PROPOSED HERE, AND
CONCLUDING REMARKS.

Similar propositions to that which we have here laid before the

reader have already been made, and similar projects have been, at

least to a certain extent, realized, at different times.

We may regard as the very first of these attempts the collection of

American maps and reports, so frequently alluded to, which Ferdi-

nand, King of Spain, established at Seville. Had this institution

continued to be conducted in the way in which it was commenced by
its judicious founder, had all the American maps and sketches from
actual survey been deposited and preserved there as in the beginning,
it would now comprise the most valuable collection of American
chartography extant.

In the year 1713 the excellent and well known Bishop White Ken-
net made to the Society for the Propagation of the Gospel in Foreign
Parts a proposition which in many respects resembles our own. In
the introduction to his excellent catalogue of American books and
pamphlets^ entitled " An Attempt towards laying the Foundation ot

an American Library," he propounds his plan so clearly that I cannot

refrain from speaking of it a little more fully.

Like myself, the worthy bishop made for his own use a little collec-
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tion of documents relating to the regions of the New World and to

expeditions and voyages made to various coasts, ports, and rivers of the

same. By and by he discovered, as he expresses himself, " a certain

affinity of the arguments and matters," and " a certain dependence of

things and places upon one another." He then proceeded to gather

"other works as well of ancient as of modern geography^ of astro-

nomical observations, of experiments in hydrography, of shipping

and the progress of navigation, of commerce and excliange^ of war,

embassies, voyages, and travels."

He finally presented this collection to the said society. But he
wished that the place destined for it might be capable of receiving a

much larger accession of books, globes, maps, sketches, drawings,

&c., the future donations of other generous hands. For this enlight-

ened man already saw (what the geographers of our time have urged
repeatedly in vain) the necessity of an American central institution

for collecting all new discoveries and contributions.

''Not only the missionary, or the merchant, or the historian and
the herald might apply for information to such an institute ; nay, even

the greatest ministers of State might please to think that such a re-

pository of papers of navigation and commerce might at one time or

other be of advantage in the most arduous affairs of the kingdom,
particularly iu asserting our dominion of the seas, in keeping up the

wonted superiority of our fleets and navies, in securing and encouraging

our fisheries and manufactures, in forming and maintaining our

treaties and alliances."
" Among the uses to be made of this American collection," he goes

on to say, " I ought not to forget that it is capable of becoming the

common fund and treasury of all the remains of that country and of

all the following discoveries and remarks that shall hereafter be made
upon it. In such a fixed repository some modest mariners and tra-

vellers may lay up their own observations on the geography and
natural history of those ends of the earth—of the climates, soils,

seasons, winds, tides, waters, and other commodities. It may serve to

pick up especially all the descriptions of coastings, bearings, sound-

ings, sands, shelves, rocks, tides, journals and maps of voyages, tra-

vels, and adventures,, and all manner of experiments now lying in

a thf)usand private hands of mariners, merchants, strangers, who
understand nothing of them, and would take but little care to pre-

serve them from fire and consumption."
Thus clearly was the same idea developed a century and a half ago

which we have been again presenting to the public. Our own plan
differs from that of Bishop Kennet only in this respect, that our prin-

cipal object is American maps, which have been so greatly neglected
;

while he had likewise in view the printed books, tracts, and pamph-
lets, for which since more sufficient provision has been made.
The excellent German geographer, Ebeling, appears to have antici-

pated our design still more nearly. He collected maps and geographi-
cal sketches : he cut them out from books and atlases ; and he
arranged them according to time and locality in the same manner as

we have done and wish to do further. He, however, had not America
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exclusively in view
; he paid also less attention to the original sketches

of the discoverers, and did not go with his collection as far hack into

former times as we wish to do. He admitted only such general maps
of America as were printed and which he could purchase. He pro-
cured no copies or fac- similes of those unique maps which cannot he
had in tlie original.

From Eheling to the present time I know of no one who has made a
similar attempt or proposition, with the exception of Lieutenant E.
B. Hunt, of the United States corps of Engineers, who, in the year
1853, brought before the American Association for the Promotion of
Science a project for establishing a geographical collection as a dis-

tinct and independent department. He wished it to embrace "all
materials illustrating the early and recent geography of the United
States, both its sea-coast and interior, including traced copies of all

valuable maps acd charts in manuscript and not published ; also, the
materials for illustrating the past and present geography of each
State, country, township, and city," and, in the same manner, "all
tlie maps and charts on the remainder of America. Further, the ad-
miralty or sea-coast charts of all the European and other foreign
States, and the detailed topographical surveys of their interiors—at
least the most approved maps published from private sources, whether
as atlases, nautical charts, or naval maps, including publications on
physical geography, guide-books, railroad maps, and city handbooks."
Further, Mr. Hunt wished to combine with the above a complete series

of the narratives of voyages of discovery and exploration, besides geo-
graphical, geodetical, and nautical manuals and treatises, with all the
requisite bibliographical aids to the amplest geopraphieal investiga-
tion.

Mr. Hunt's primary object in advocating the formation of this col-

lection was to provide for the wants of Congress ; but, at the same
time, he wished that it should furnish facilities to the State Depart-
ment, the Bureau of Engineers and Topographical Engineers, the
Coast Survey, the National Observatory, and the several naval bureaus.
"The value of such a collection," says Mr, Hunt, " in its relation

to legislation, in its illustration of river and harbor questions, in its

prospective use for illustrating history, and generally as a means of
exalting and correcting our geographical knowledge, gives it most
truly the character of a national enterprise."

Of all the plans and propositions of this kind of which I have any
knowledge that of Mr, Hunt comes the nearest to my own, as well in
the objects aimed at as in the means by which he desired to eflect them.
My principal deviation from his plan consists in this, that the collec-

tion I propose shall be as exclusively as possible American. American
maps are what is wanted the most, not only here but everywhere, be-
cause they have been until now the worst provided for. At a later

period we might try to include the whole world ; but such a work is

t<)0 enormous to be undertaken at once.

Further, Mr, Hunt proposed a general geographical department,
and wished to put library and maps on the same footing

; whilst I
desire, at least, to begin with a mere chartographical depot, to which
a small library may be added, as subsidiarj*- merely ; and this, too.
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for the same reasons, because it is so very necessary to do sometliing

s quickly as possible for the maps.
It is sad to think, that of all these reasonable and useful proposi-

tions not one has been successful. Nevertheless, this want of success

cannot prevent it from being brought forward, if necessary, again and
again, until at length the time shall arrive when, all minds being
prepared for it, the question will be carried unanimously.

Still, it is highly desirable, for various reasons, that the thing
should be done at once. Destructive time is continually at work, and
the gradual but never-ceasing progress of decay bereaves us daily of

the most valuable documents, which can never be replaced. A hun-
dred, nay, fifty years ago, we had still many of these treasures left,

which, by carelessness and inattention, are now lost to the world.

Even the early maps of these very young States are sometimes of the

greatest rarity ; and the first surveys of counties which were organ-
ized within the memory of people still living are, in some cases, no
longer extant.

Besides the rapid diminution of the number of documents, the grow-
ing taste for collecting them makes them daily less accessible by en-

hancing their price. Rare old books, tracts, and maps, formerly but
little cared for except by a few amateurs, are now sold in Paris for

five and ten times the price which they brought twenty or thirty

years ago. Any one who has been at all attentive to the movements
of the literary market will have observed the same phenomenon in

London, in Germany, and in other countries.

This general increase in the price of historical documents has, how-
ever, been in no department so enormous and striking as in that

which relates to the history of America, probably because American
books, tracts, and maps, as the records and monuments of mere colo-

nies, were formerly the least esteemed of any, and because, in conse-

quence of the transformation of those colonies to first-rate independent
powers, they are now found to be of the highest importance. Nearly
every new catalogue or report of a booksellers' auction gives us new
proofs of this fact.

A work by one of this first American missionaries—the celebrated

Eliot—which a few years ago could be bought for a trifle, produced
recently at an auction in the city of New York the sum of two hun-
dred dollars. A Spanish manuscript map of America, which the dis-

tinguished Baron de Walckenaer purchased for a small sum at the
beginning of this century, was contended for at his death by different

nations, and at last sold to the Spanish government at a price exceed-

ing two hundred pounds.
Such facts, of which numberless instances might be given, speak a

clear language. And we cannot yet see where this movement will

stop. It will, no doubt, go on until old American documents and
maps become scarce and valuable as the most precious gems. We
thus find ourselves in the position of the famous Roman king. Time,
like the sybil of the ancient story, destroys each year more of these

venerable leaves, and, while thus diminishing the number to be di^
posed of, enormously enhances their price.

Besides the fearfully augmenting scarcity of old American docii-
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meuts, there is still another fact which makes the proposed plan every

ilay more difficult of execution, and which finds its cause in tlie pecu-

liar position of this country. The features of the old countries of

Europe are already well known, and it is easy to combine the compar-

atively small portion of novelty which is brou*;ht ont with the long

settled facts. But in America, geographical discovery is still every

day at work. Each hour brings us something new. Every travelling

report, geographical work, or map, which is published, shows us new
features, and corrects old ones or represents them otherwise. The
exploring expeditions })erformed by government officers, by railroad

companies, and by private travellers, extend every year further to the

west, to the south, to the north. Of late years Americans have gone
where they never did before—to the vicinity of the North Pole, and afe

the same time they have explored and re-explored Chile, Patagonia^

and the Antarctic seas. The great valley of the Amazon has become
quite a fashionable route for American enterprise, and the bosom of

the Pacific has been furrowed in every direction. The great topo-

graphical, geodetical bureaus, the numerous land offices of the United

States, are constantly active in correcting the geography of the interior

of the country, producing a vast quantity of interesting maps, which,

increases daily in number and value.

That excellent institution, the Coast Survey, is bringing to light

every year new and important facts respecting the nature of the coasts

and of the surrounding American seas. In short, we may say, that

not only is American discovery not ended, but that it is progressing

at a more rapid rate than ever.

Accordingly, it is evident that while, on the one hand, our work be-

comes daily less easy to perform as regards the old materials, from
their rapid destruction, growing scarcity, and increasing price, it also

becomes, on the other hand, more difficult of execution with respect

to the new materials, owing to their rapid increase and their enor-

mous diversification.

The historical, as well as the physical sciences, are becoming ex-

tended and ramified in such a way, that it is easy to see that the time
is fast approaching when it will be incomparably more difficult to

master their results than it is at present. If we do this now, if we
create a well organized institution for the reception and preservation

of every new map along with the old ones, we shall then be prepared
for every emergency ; the subsequent discoveries, however numerous
they may be, can easily be added to the acquired treasures.

Since the destruction and dispersion of the American chartograplii-

cal collection of King Ferdinand at Seville, the concentrating of all

American maps and historical and antiquarian documents into one
focus is now, for the first time, made possible again. Now there

exists again a government and nation, the interests of which are so»

intimately interwoven with all parts of the whole continent, that the
name "Americans" has been given to them, pao' excellence. The whole-

continent of America finds in the United States a central power nearly
in as high a degree as formerly in Spain. In fact, the United States,

the commerce of which enters every harbor, inlet, and river of the con-

10 s
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tinent, derives already mucli more advantage from the whole of

America than Spain when she received it from the hands of the Pope.

If the United States would not he found inclined to give life to the

plan proposed here, then there would be left as little hope for its re-

alization as Columhus would have had for the carrying out of his pro-

iect had Ferdinand and Isabella refused him their assistance.
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ON THE 'TROGRESS OF ARCHITECTURE IN RELATION TO VENTILATION,
WARMING, LIGHTING, FIRE-RROOFING, ACOUSTICS, AND THE GENERAL
PRESERVATION OF HEALTH."

BY D. B. REID, M. D., F. R. S. E.,

FELLOW OF THE ROYAL COLLEGE OF PHYSICIANS OF EDINBURGH, ETC., ETC., ETC.

FIRST LECTURE.

Professor Henry introduced Dr. Reid to the audience, and, in ad-
verting to his plans for ventilation, quoted an extract from some recent

proceedings of the Royal Institution in London, where Dr. Bence
Jones had given certain statistical details showing the great reduction
of mortality in an hospital which Dr. Reid had ventilated, and that

the mortality increased again when the ventilation was suspended.
After responding to the remarks of Professor Henry, Dr. Reid

claimed the indulgence of the audience in entering on a course while
still imperfectly acquainted with this country, and perhaps not yet

fully acclimated to it, as the experience of personal illness for the last

fort-night had taught him.
Dr. Reid then commenced his first lecture with a general sketch of

the position in which man is placed on this globe. With his natural
wants at first supplied in a congenial climate, he was still, at a very
early period of history, like a traveller without a guide in resi)ect to

many departments of phy-sique, except those external senses which an
omnipotent creator had given him wherewith to steer his course in the
material world. Increase of knowledge, arts, and manufactures gradu-
ally accompanied an increasing population. New climates, new wants,
and new occupations stimulated his ingenuity and rewarded his inven-
tion as much as it increased his comforts. Dwellings in caves or clefts

of rocks, such as are described in the Sacred Scriptures, as well as tents

and huts, the primitive abodes of man, soon gave way in many places

to more systematic habitations, though these are still to be found away
from the scenes of civilization. Monuments and public temples then
arose in Cyclopean, Egyptian, Druidical, Indian, Chinese, and Mexi-
can architecture. The Greeks, with the finest eye for beauty and pro-

portion, excelled all their predecessors ; the Romans added a gorge-
ousness and luxuriance of ornament that competed with, without rival-

ling, the severe and more scrupulous taste of G-recian architecture; and
then followed a host of styles that have multiplied indefinitely, in
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wliicli the spire and the dome, the pointed and the circuhar arch are

continued with endless modification, to the crystal palace and iron

buildings of modern times.

But during all this period comparatively little attention was paid

to the question of air, which has been so much the subject of later in-

vestigation. Buildings were at first too imperfect in their structure

and fittings to form those air-tight receptacles that have multiplied

so largely in our day. The same resources and machinery were not

available for their construction. The habits and occupations of the

people were difiererut. Few read, and still fewer wrote, till the press

began to diffuse its influence among mankind. The illumination of

rooms at night with an artificial daylight by means of gas is but a

recent invention.

But with all these inventions the duration of human life has not

increased, except in local and special instances. Passing over the

times of the ancient patriarchs, human life seems still, on the whole, to

have been diminishing from the time when it is generally supposed to

have been reduced to threescore and ten. How many places are there

where from a quarter to a half of the population now die within from five

to ten years ; born, as it were, to pass through an infancy of suffering

and sorrow, and then to disappear from this transitory scene. And
then, if we look to adults, is it not true that many, so far from at-

taining threescore and ten, are cut off before they are twenty-five? An
age of fifty years is beyond the average, and threescore and ten, or up-

wards, is still more rarely attained. But is there any just foundation

for the belief that threescore and ten is the allotted period for man's

existence ? Is the passage from the Psalms correctly interpreted to

which this alleged maxim is usimlly ascribed ? He contended that it

was not ; that Biblical critics usually attributed this psalm to Moses,

believing that it was written by him in the wilderness, when the

Israelites were exposed to great suffering, and as yet he had met with

no clergyman of any denomination who was disposed to insist on the

popular interpretation usually ascribed to it. He thought the subject

one of great practical importance ; that the question should be set on

a right footing ; that if it were not only possible, but probable, that a

marked extension of five, ten, fifteen, or five-and-twenty years could

be given to human life by attention to the moral, religious, and

physical elements that entered into it, nothing would contribute more

to place the whole subject of the care of health, the increase of

comibrt, and the prevention of disease on a better footing. It would

regulate, or at least afl'ect, the period of infancy and education, the

time of entering on business, and form an element in all subsequent

concerns of life. Above all, it would be one of the strongest checks

upon that system of fast living and that incessant strain upon the

nervous system that was so marked in thousands and tens of thou-

sands of cases, especially in populous cities, whether we looked to

London or Paris, to New York or St. Petersburgh.
^
Vain would

the attempt be to extend the duration of man's life if the nervous

system was exhausted, whether from an honorable ambition, an"
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imperious necessity, a corrupt luxury, or a want of faith, hope, and
contentment in the providence of the Creator.

Dr. Keid then turned his discourse to the physical evils attendant on

liuman life, and explained the magnitude of that resulting from de-

fective ventilation. Man rosi)ired, on an average, twelve hundred times

an liour during the whole period of his existence. The lungs contained

millions of cells, and if i)ure air were not supplied all these provisions for

Hie and health were more or legs useless ; the hlood hccame changed

in its qualities ; the brain, the eye, the ear, and every tissue and fibre

of the human frame were more or less affected. The result varied in

every degree—from the most trifling headache, listlessness, or langor,

to every variety of fever, scrofula, consumption, or even, in extreme

cases, to sudden and immediate death.

In large cities and in all populous districts a proper system of drain-

age and external cleansing were the true remedy for periodical evils

too often attributed to wrong causes. These being secured, the right

ingress and egress of air in individual buildings and habitations be-

came the next desideratum.

Few cities, comparatively, large or small, were cleaned to the

extent necessary for the right preservation of health ;
nor was it to

be expected that this subject would receive adequate attention till the

united efforts of medical men, engineers, architects, and agriculturists

slioidd be brought to bear upon it. Great progress had been made, un-

questionably, in recent years ; but a more systematic, combined, and
harmonious effort was desirable than was in operation, either in this

country or in Europe, so far as I have had the opportunity of observ-

ing. The medical profession was responsible for pointing out the

sources of disease and death, but, without the aid of the agriculturist,

it was, in general, found impossible to obtain the funds necessary for

effective cleansing ; and what could be done in this respect where a

good system of engineering did not afford an ample supply of water

and the requisite drainage, or where a defective architecture did not

provide the proper facilities for the removal of refuse ? In London,
after the experience of upwards of a thousand years, the authorities

had at last become convinced that the condition which the river attains

from the drainage thrown into it is an evil of the greatest magnitude,

and a reference to the newspapers of the day would show the deter-

mination to reduce this evil, tliough nothing effectual can be done
under an ex[)enditure of millions of pounds. Is it not the case, that

in this city the continued drainage into the canal may become more
and more objectionable every succeeding year, and is there not abun-
dant evidence that a right system of drainage and sewerage, with

})roper attention to the ventilation of drains, would here lessen disease

and suffering ? In Paris the whole atmosphere is sometimes tainted

with an ammoniacal odor; and who has ever crossed the "Unter den
Linden," in Berlin, at least when in the condition in which it was
a few years ago, without being admonished of what had still to be

done in that city. Modern chemistry has not yet developed and ex-

plained all the varieties of malaria, natural and artificial, that inter-

fere witli the preservation of a pure atmosphere, but it has most em-
phatically pointed out many of their sources in innumerable habita-
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tions in cities, villages and populous districts, as well as the means
of correcting them. It was a self-evident proposition that the first

step in all effective ventihition is to start with a good atmosphere;
but such was the apathy, indifference, and sometimes the ignorance,

on this point that it often became a most troublesome question to deal

witli in a satisfactory manner, particularly where tracts of ground
had become saturated with debris in a perpetual state of putrefactive

fermentation, or where streams or stagnant water were loaded with
similar materials. In the great theatre of the globe itself, the gen-
eral purity of the atmosphere was sustained by the mutual relations

of the animal, the vegetable, and the mineral kingdom ; by the per-

petual rotatory currents flowing from the equator toward the poles

and from the poles towards the equator ; by that great peculiarity in

all gases and vapors which constantly led to their diffusion through
each other, however different in specific gravity, so that nowhere on
the surface of the earth where there was free access to the external

atmosphere could any accumulation of any noxious product take place

without a process of dissipation and dilution being immediately com-
menced ; and by the chemical action of tlie air, which was perpetually

tending to oxidate or burn all malarious products. But how largely

were these natural agencies counteracted, within as well as without
doors, when there was a deficiency in the supply of air, or an excess

in the material of decomposition. Many were the districts in which
a rich and luxuriant vegetation consumed the products that gave rise

previously to fever and ague. Travellers have expressed their great

surprise at the total absence of these diseases under circumstances

where they had anticipated their severe operation, and traced, subse-

quently, to the action of special plants the conservative influence that

guarded them from danger. Let this lesson, said Dr. Keid, not be
neglected ; let it be applied in full force, and the facts be studied

and developed with an untiring assiduity, till miasma shall be largely

overcome in all cities subject to its influence, and the water-lilly and
other aquatic plants shall have improved the condition of all accu-

mulations of water in their vicinity, as much as an active and vig-

orous vegetation purifies the air that moves upon the land. If he

dwelt more upon this point than might at first appear requisite, it

was because its importance, though admitted, was by no means ade-

quately estimated. He did not consider that there was any question

connected with the material world that promised greater blessings to

large cities and populous districts tlian those that would flow from
professional investigation and practical experience in this department,

combined with the information available from former ages, and the

practice of different nations. It had been demonstrated that a large

proportion of the deaths that filled the annual bills of mortality arose

from ])reventible causes ; and in making any estimate on this subject,

it ought never to be forgotten that every death indicated many cases

of disease and suffering that were never registered in the ordinary

tables. How great, then, is the question at issue, and how man}^ and
how varied would the channels be through which its right solution

would affect society ?

Dr. Reid then showed by experiments the fundamental principles
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of ventilation, illnstratinj]? the tendency of the air to assume rotatory

movements, and thus induce the removal of vitiated and the supply of

fresh air whenever expansion or any other cause produces a disturh-

ance in the atmospheric halance. The effect of the human frame in

inducing such currents was then pointed out. The hody always ven-

tilates itself if the natural currents it determines are not impeded hy

the architecture which surrounds it.

A special ventilating shatt has been constructed in this Institution

for the illustrations, and a connexion is established between it and a

tube and chamber in the experimental table, by which a ventilating

power is br^'Ught to bear on any visible vapors used in explaining the

principles and practice of ventilation.

SECOND LECTURE.

Dr. Reid commenced this lecture with different illustrations of the

movement of air. Mechanical means—as pumps, fanners and bellows,

or a current of air or water, the action of heat, the impulse of steam,

and the repelling power of electricity—had all been employed with

the view of moving air ; and all these forces had been practically

applied in sustaining ventilating operations, with the exception of

electricity. This agent, hitherto, had only been used experimentally.

For all ordinary purposes, no power was so generally useful and

available for ventilation as that arising from the action of heat on air

or other gases. Referring to the ventilating shaft connected with

the experimental table at which he lectured, it was shown that a

column of heated air in the interior could not balance or resist the

pressure of the colder air in the apartment from which it was supplied,

air being admitted freely into it from the external atmosphere. It

was not strictly accurate to say that heated air ascended, in describing

this movement in a technical manner. It was more correct to state

that air, when warmed, became expanded, and lost its power of bal-

ancing the contiguous air, which then pressed in upon it on every

side and forced it upwards. The right understanding of this point

was essential in the study of all the more familiar phenomena of ven-

tilation. It was then shown, that on establishing a free communica-

tion with the lower portion of the heated shaft, a flexible tube could

be made to carry a ventilating power in any direction, and, at the

fixtures connected with the table, flame, smoke and various colored

vapors were made to move upwards, downwards, laterally, and in other

directions, according to the position in which the apparatus used at

each was placed, and the amount of power brought to bear upon the

materials employed.

The tendency of air, when falling in temperature, to descend to a

lower level, was then pointed out. This was illustrated practically

by the exhibition of a heavy, cloud-looking vapor, that was poured

with facility from vessel to vessel and rolled along the table in a

continuous stream, as if it had been an ordinary li(|uid. It was formed
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by the action of nitric acid, mercury, and alcoliol, and used frequ^tly
in giving indications of aerial movements that would otherwise have
been invisible. Though the materials that became the principal object

of attention in ventilating operations were of great tenuity, it was
never to be forgotten that tliey might, in numerous respects, be treated

in the same way as water and other liquids.

The quantity of air desirable for ventilation then came under con-

sideration. For each respiration the actual amount required was
small. From twenty to thirty cubic inches M-ere sufiicient for this

purpose ; but the expired air contaminates immediately a much larger

amount of the surrounding atmosphere. At the same time the sur-

face of the body is continually exhaling vitiated air in the same
manner as the lungs. Further, almost all kinds of clothing soon
become more or less charged with animal exhalations, and require

some addition to the ordinary supply, particularly if dyed with cer-

tain chemicals and exposed where they may have imbibed moisture.

It is also equally important to notice that every variety of tempera-
ture, electrical condition, and humidity in the atmosphere produces a
corresponding influence on the sensations as affected by the amount
of air brought in contact with the body in a given time. Further_, not
only are there great varieties of constitution in different individuals,

but even in the same person. Before and after dinner or any other

refreshment, before and after exercise, and under many other circum-

stances, very different quantities of air become agreeable or disagree-

able, and refreshing or oppressive. Lastly, minute and variable por-

tions of impurity from smoke and manufactories, or from terrestrial

exhalations, often modify the amount of supply that is desirable for

all constitutions.

It will not be surprising, accordingly, that there is perhaps nothing
in respect to which there is a greater difference of practice than in the

amount of air given for ventilation, even where we assume that its

eifect is not still further modified by its mode of introduction and dis-

charge, and the efficiency with which it has the opportunity of acting

in passing through the apartment to be ventilated.

It is surprising with how small a proportion of air existence can be
maintained for a long period when the system is comparatively inactive.

Dr. Reid then described an experiment, in which he had been hermeti-

cally inclosed in a case that was not broader than his shoulders,

deeper than his chest, or longer than himself; and stated that he had
continued there for upwards of an hour, the attendants being ordered

to take him out whenever he ceased to answer questions or to give

distinct replies. During the whole of that period he had not been

particularly incommoded, alter getting over a feeling of oppression

that attended his first respirations. Apprehensive, however, of

some subsequent injurious effects when the oppression he expected did

not increase so rapidly as he had anticipated, he directed the case to

be undone before any indications were given such as would have led

his assistants to have anticipated this order. Nor did he suffer so

much as he had expected from the effect subsequently, though head-

ache and restlessness continued for some days to a degree that {)revented

him from renewing his observations to the extent he had desired.
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This experiment was important in corroboratin<]j tlie fact that life

might often he sustained for long periods, even in limited quantities

of air, where animation was not temporarily suspended.

On the other hand, at different times and under other circum-

stances, he had suifered more from air not nearly so much contami-

nated as it was in this instance, and adverted particularly to the fact

that the intensity of vitality was often very different in different indi-

viduals, and also in one and the same individual at different

times. To impress this upon the attention of the audience, an experi-

ment was then shown, in which a common candle, a wax candle, au

oil lamp, a spirit lamp, and a gas lamp, were kindled at tne same

level under a large glass shade, all communication with tlie external

atmo8])liere having "been cut off. In a short time the air became so

vitiated that the common candle ceased to burn. Subsequently the

wax candle was extinguished, then the oil lamp ;
the spirit lamp

came next in order, and last of all, but long after the others had

ceased to burn, the gas lamp was also extinguished, struggling pre-

viously in the form of a long pale-blue flame. In the same manner

death took place among different individuals, even from the very same

causes, in very different periods of time, some sinking without a mur-

mur where the bystanders scarcely noticed the causes that deprived

them of life, while others sustained themselves throughout a long and

painful struggle.

Dr. Reid then described the manner in which experiments on respi-

ration had been made with small quantities of air, and tlie peculiari-

^ties of the apartments constructed at his lecture room at Edinburgh

'for researches on respiration and ventilation, where tlie amount of air

supplied to numbers, varying from one to two hundred and fifty,

could be precisely ascertained and controlled. Sometimes one or more

individuals were placed in an air-tight box, coutairiing a definite

amount of air. On other occasions one hundred individuals or up-

wards were placed in an air-tight room with a porous_ floor and a

porous ceiling, the cavities below and above communipating with

channels by which air could be made to enter and be withdrawn in

any required proportion.

From these experiments and others tlie conclusion was drawn that

ten cubic feet per minute is an ample allowance of air for an adult

—

far more than he generally has in ordinary habitations, but not more

than every ordinary structure should have the means of providing at

a minimum. Dr. Reid was prepared to admit that a less amount

would generally sustain health, but asserted that it would not give

the comfort and maintain the constitution in such good condition as

a larger allowance. In extreme atmospheres, -loaded with moisture

or charged with special im])urities or malaria, and at comparatively

elevated temperatures, there was no limit to the amount of increase

that proved grateful to particular constitutions. He had, in some

cases, given forty, fifty, and even a larger number of cubic feet per

minute with advantage, but there the velocity of the air acted essen-

tially as a cooling power from the great amount brought to affect the

body in a given time. Such velocity was not desirable where au

equivalent effect could be produced by cooling the air previously. But
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in looking to this question as one that had to regulate practice in

construction and the appliances used in connexion with ventilation,

he was satisfied that ten cubic feet per minute for each person would
be amply sufficient, wherever it was possible to control the tem})era-
ture and the hygrometric condition of the air to be used.
The practice of merely determining the amount of cubic or super-

ficial space to be given for each soldier in a barrack, each patient in a
hosi)ital, or every criminal in a ])ris()n, and leaving every other question
or means of ventilation to accident, had never been satisfactory, and
was now abandoned in all the best buildings for these and other
purposes. No dependence whatever can be placed on such a provision
beyond the actual amount of pure air they may contain before occu-
pation. The true question is, to determine the amount of pure air

that can be made to pass through wards, cells, or any other spaces in

a given time, with a maximum of the ventilating power in action,

valves or other arrangements reducing the elfect to any desirable
standard.

In cases with systematic ventilation properly applied, a man in a
room densely crowded may have more air than one in a confined
area with ten times as much space for his own occu[)atioa. Rooms
in different habitations vary as, much in the amount required at dif-

ferent times and seasons as many public buildings. Further, there is

nothing more deceptive to those who have not studied the subject

practically tlian the numbers of persons that can stand on a given
space. In special trials, made with the view of determining the
numbers that can be accommodated on a floor of known size, several

cells were selected at the prisons at Perth, in Scotland, and able-

bodied men (engaged at that time in completing the building of the
works) were requested to stand in them as close as they conveniently
could. Seventy were then counted in one cell having a floor of
seventy-two feet, and ninety in another having a floor of ninety-two
feet. Pie had repeatedly seen at the bar of the House of Peers,
in London, knd in many other places an individual standing upon
each area of one foot. When the body of the late Duke of Wel-
lington lay in state at Chelsea hospital, previous to the funeral, he
had seen a more dense crowd than he had ever witnessed on any pre-

vious occasion. Many were literally crushed to death in this crowd,
and numbers who escaped death had the appearance of persons who
had i'allen into a stream of water and been thoroughly drenclied.

The morning was cold, calm, and gloomy, such as would have suited
the description many foreigners give of a London atmosphere at that
period. There was no fog, however, though a small cloud of vapor
hung heavily over the densest part of the crowd. It should be re-

membered, then, that in cases of great interest, all rooms, public and
private, are liable, generally or locally, to have like numbers crowded
into them, and it becomes, therefore, imperative on those who desire

ventilation to state the number to be provided for, rather than the

mere area of the floor.

In the chambers for Congress the floor space allotted for individual

members was upwards of twice as much as that given at the Houses
of Parliament in London, taking into consideration that occupied by
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the benches or individual seats. This, however, was not an unmixed

gain in the House of Representatives at Wasliington, since the hirge

area of occupation necessarily increased the difficulty of hearinj^ and

of seeing tlie expressions of countenance during the progress of debate.

In explaining the estimate sfiven of the amount of air desirable for

ventilation, it was stated tliat a temperature of sixty-five to seventy

would generally be found most acceptable, and a supply of moisture

in the air, such as was indicated l)y a wet-bulb thermometer (the

hygrometer in common use) when it showed a temperature live degrees

below that of the ordinary thermometer.

The methods of determining the quality of the air in ventilated

apartments then engaged attention. None was so pre-eminently

avaihible as that of going out of doors where the atmospliere was })ure,

and then comparing the effect there with that of the apartment under

examination. Important as this mode was, it was not, however, suf-

ficiently precise, nor could it always be put practically in operation

with convenience while differences of temperature and a want of sensi-

bility in the nostrils, or a loss of the sense of smell from cold, inter-

fered with a correct decision. It was a matter of great practical

importance, accordingly, that some accessible and convenient test

should be available that would at all times and seasons give an indi-

cation that would tell the purity of the atmosphere.

For this purpose Dr. Reid had introduced an instrument called the

carbonometer, which was then explained. It admits of a great variety

of forms. That shown in action consisted of a bent glass tube attached

to a phial containing water, a few droi)S of lime water being placed

in the angle of the bent tube. On taking out the stopple from the

phial a portion of the water slowly escaped. This caused a flow of

air from the apartment under examination through the lime water,

which becomes more or less turbid, according to the amount of car-

bonic acid in the air. But carbonic acid is invariably present in a

very marked proportion in all ordinary atmospheres contaminated by

respiration, the combustion of ordinary lamps or candles, f)r the escape

of vitiated air from a fire flue. Any excess beyond that in the atmo-

sphere renders the amount of lime water used slightly opalescent,

milky, or turbid and chalky, according to the amount. Forty speci-

mens of air were shown, contaminated with various amounts of car-

bonic acid. A syringe may be used instead of a phial of water to

cause the movement of air, or a few drops of lime water may be

poured into a phial containing air to be examined^ making compara-

time ex})eriments with fresh air.

THIRD LECTURE.

This lecture was devoted to the warming, cooling, moistening,_ and

drying of air, and the exclusion and correction of external vitiated

air.

Great progress had been made in recent years in elucidating many
of the properties of heat, in tracing its operation on ditferent kinds
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of matter, and in perfecting and economizing the ap})aratus by which
it could be rendered available for the practical purposes of daily life.

The intimate connexion that had been proved to exist between heat,

light, electricity, magnetism^ and chemical action, had opened up new
sources of investigation ; but much remained to be done ; for we were
as yet scarcely beyond the mere threshold of discovery. In one and the
same experiment an acid might be employed in conjunction with
water to disintegrate and separate one by one the primitive molecules
of a mass of metal, developing heat by the chemical changes thus in-

duced, discharging electricity, which could be conveyed through a
proper conductor, producing liglit on making or breaking contact

with the wires employed to manifest the electrical action, and impart-
ing magnetic power to iron and other materials.

We were no longer restricted to the ordinary fire-place, and though
nothing could rival its agreeable cheerfulness and general utility,

steam and hot water apparatus had given facilities that were unknown
in former days.

The common fire radiated in the room in which it was placed in

the same nmnner as the sun shone upon the earth, and would prob-
ably always continue the favorite in ordinary apartments. It liad a
peculiar charm in the ever-varying features of its luminousness that
no other invention had equalled. The grand desiderata in respect to

it were the right adjustment of its position in respect to altitude

above the floor, which should not exceed from six to ten inches ; the
introduction of no more iron than was absolutely necessary for sup-
porting the fuel below and in front ; the size of the chimney, which
Avas generally, till lately, four or more times larger than was requisite

or desirable, wasting a great amount of air, and ventilating at a
wrong level, unless special provision was made to counteract this de-

fect. Many experiments were then described that had been made in

reference to fire-places and flues, and. one illustration minutely ex-

plained, where a flue nine inches square, and about twenty feet high,
had worked'four ordinary fire-places. These were afterwards closed

above and in front, so as to be converted into furnaces, and, when in

full operation with the same flue, each was found capable of melting
iron with facility and rapidity. A register or valve was preferred

near the top of the smoke flue, or, at least, at a considerable elevation

above the fire. A special experimental illustration was then given of

a circular fire-place, three feet in diameter, the red-hot fuel being
visible and accessible all around it, and the products of combustion,
accompanied by a blue flame, descending in the form of a circular

wreath in the centre of the fire, and traversing the floor below, Avhich

was well warmed before they escaped into the chimney.
In England, though the open fire was usually accompanied by the

l^rod notion of smoke from the bituminous coal in common use, consid-

erable progress had been made in the introduction of smokeless fuel

during the last twenty years. In many buildings, soft coke or an-
thracite was employed, and Dr. Arnott had recommended a fire-place

in which the fuel was kindled at the top in the same manner as a
candle, all the smoke being consumed when the proper coal was em-
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ployed, and sufficient attention paid to the construction and manage-

ment of the grate.

In explaining the peculiarities of stoves, Dr. Eeid insisted strongly

on the excellence of those long used in the north of Europe, that were

of considerable size, and had a pure porcellaneous surface.
_
They

were much larger than the iron stoves usually emi)loyed in this

country and in England^ extent ofsurface compensating for the want of

intensity of heat, and the atmosphere they afforded being more

grateiul to the lungs and nostrils. Much ingenuity and skill were

imdoubtedly displayed in many of the stoyes made in this country

and the accompanying drums, but, as a general rule, the great ma-

jority he had seen were, when placed in the lower part of any building

for general purposes, usually provided with pipes or channels for the

ingress and egress of air that were tar too small. They gave accord-

ingly a sharp current at a high temperature rather than a large

volume of a mild atmosphere. They were also generally without the

means of sujjplying themselves with air from the house itself, instead

of from the external atmosphere, an ol))ect of great practical import-

ance in heating halls, passages, and public buildings previous to any

occupation, or where a small amount of ventilation was sufficient.

Steam' apparatus was then adverted to, the use of which Dr. Reid

considered could be largely extended with advantages to individual

habitations, even where the power of using a common tire was secured

in the usual manner. It could be made to assume any desirable form.

The principal difficulty in ordinary habitations was the boiler within

doors. Great improvements had been made in modern boilers, so as

to reduce largely any risk of accident, but the im])r()vement consid-

ered most des'irable was, that in which one boiler should be provided

for a number of houses, and built in connexion with facilities for

water baths, washing, &c., and from which steam for heating or cul-

inary purposes coukfbe supplied to each individual habitation in the

same manner as gas, by special pipes. Steam, or steam power, could

be rented in many places for manufacturing pui-poses, and there

was no reason why similar facilities should ^ot be extended to ordi-

nary habitations in cities and villages.

Steam could be made to afford any required temperature, according

to the form of apparatus used. With extended metallic rings, plates,

or projections from the surface of a steam pipe maintained at 212°, a

much lower temperature could be secured, corres})onding with^ the

amount of material in connexion with the pipe, and this form of ap-

paratus, or hollow metallic cases with a limited supply of steam,

necessarily gave a milder temperature. He did not consider a tem-

pe;-ature of 212° objectionable when the air was pure, though he pre-

ferred a milder warmth ; but higher temperatures, arising from the use

of high-pressure steam, he had often seen attended with disadvan-

tageous results, increasing with the elevation of tlie temperature

sustained.

The action of the hot-water apparatus was then explained and illus-

trated by a glass model, in which colored water was thrown into cur-

rents by the action of heat, the warm water giving off caloric where-

ever it was desired, and then returning to the source of heat for a
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fresli supply. This heating apparatus was preferred to the high tem-

perature stove and the steam pipe wherever a mild and continuous

heat was desirable, and where it was not required to carry the pipes

or apparatus containing the water to a very high level, the strain

upon the joints of the apparatus being in proportion to the altitude of

the column of water they contained. The water could be maintained
continuously at any required temperature under 212°. Gas stoves

had been introduced in many places with advantage where a small

chamber was to be heated, and where there was no convenience for

any other arrangement. A most pernicious practice was, however,

prevalent where they were used, the products of combustion being

permitted to mingle with the air of respiration in apartments not pro-

vided with ventilation. Thousands upon thousands sufiered annu-
ally where gas lights or stoves not ventilated formed the only source

of warmth.
Dr. Eeid then pointed out the comparatively ineffective results that

arose from the action of heating apparatus that conveyed warm air too

quickly to the ceiling of the rooms instead of distributing its power
on or near the floor. Eailroad cars frequently presented a tempera-

ture above 212° at the ceiling, while on the floor the thermometer
might be down to the freezing point. They gave an extreme illus-

tration of numerous buildings where the introduction of arrangements
for securing the full action of warm air at a lower level would add
equally to comfort and to economy. The peculiarities of external

warmth arising from the rays of the sun were then contrasted with

that developed by artificial means. Saussure made an experiment in

which air had been raised to a temperature of 210° by merely ex-

posing a cork case with glass cover to the direct rays of the sun, and
preventing the cooling influence of the circumambient air. The rays

of the sun did not directly warm the air, but the ground, from which
heat was transmitted to the air resting upon it. In the torrid zone it

would probably be practicable, even without the use of lenses or

reflectors, to develop heat sufficient to produce a limited amount of

steam. A patent had lately been taken out for concentrating the rays

of the sun upon boilers in such climates. The great practical lesson

which all these points taught was that we should endeavor to warm
the lower stratum of air effectually in individual buildings. If this

primary point be secured, the upper portion will soon acquire the

necessary temjierature from the natural ascent of warm air.

The cooling of air was in some countries, and at particular seasons,

as important a question as the warming of air in tem[)erate and cold

climates. In India habitations were sometimes built under ground,

the family occupying a lower and lower flat or series of apartments as

the external heat iru^reascd. The construction of buildings so as to

take full advantage of the shade, and of the basement in making
channels of snp[)ly, was seldom made a sufficient object of attention.

Tlie production of cold by the evaporation of water was largely intro-

duced in many places with advantage ; but where the air was highly

charged with moisture this method was disadvantageous, tending to

saturate it to' an extent that interfered with the natural exhalation

and evaporation from the surface of the lungs and of the body. By
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taking in air throiigli apertures in turrets, or even by apertures ele-

vated as much as was found practicable in different buildings above

the level of the ground, great relief was often given. The wannest

atmosphere in sunshine was generally at the surface of the ground,

where no peculiar current or other s[)ecial cause gave it a dift'erent

position. In all cases where a ventilating power was available, the

simplest method of producing a cooling effect upon the body consisted

in inducing a current. A draught or current was agreeable or dis-

agreeable, dangerous or salutary, in proportion as it was adapted to

existing circumstances. The fan in a lady's hand and tlie punkah,

or large fan used in India, were very different from the ventilating

shaft or other instrument used to act on hundreds or thousands at the

same time ; they differed essentially in this, that while the former

merely agitated the same air again and again, changing that portion

in direct contact with the face or the whole of the body, the latter, in

producing a similar effect, entirely changed the atmosphere charged

with products of respiration or exhalation.

The use of ice, however effectual in cooling air, was generally too

expensive. Underground channels cooled by a stream of water,

removed or stopped when too much moisture was communicated to

the air, were the most valuable and available means of reducing tem-

perature ; and where hot-water apparatus was provided for winter

use, it might often be used as a cooling apparatus in summer by run-

ning a stream of cold water through it. The artificial evaporation of

ether and water in rams could be also rendered useful in the produc-

tion of cold, but no such apparatus had as yet come into general use,

though [perfectly successful in special experiments.

Moistening air was a comparatively simple matter, though often

neglected. Very pure water should be selected for this purpose, and

the evaporation should not be permitted under any circumstances

where the water was apt to be decomposed. A porcelaneous or mar-

ble surface was preferred for evaporation. Iron was to be avoided,

and steam from ordinary boilers, contaminated by oil or gases from

corroded metals, was not to be used. Special copper boilers, set

apart exclusively for this purpose, and block tin tubes, for the con-

veyance of the steam, were preferred in large buildings, where an

atmosphere had to be provided for thousands at the same period. The
steam prepared in this manner was also used to assist the heating ap-

paratus. Whenever a thermometer with a bulb moistened with water

indicated a difference of not more than five degrees lower than the

ordinary thermometer, the addition of any further increase of moisture

should be arrested.

Drying air is an operation for whicli no satisfactory process has yet

been pointed out sufficiently economical to admit of its general prac-

tical application when air is warm and largely charged or saturated

with moisture. When the temperature is lower, and the application

of a slight elevation of temperature is not objectionable, the increased

solvent power which the air thus acquires gives it practically a drying

effect. In the sick chamber, in new buildings where the plaster was

not dry, and in all limited or confined atmospheres where it was im-

portant to remove moisture, nothing was more effectual than newly
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prepared lime. Dr. Reid had used tliis largely in many buildings

occu])ied soon after completion, ttistriljuting, in one case, cart loads of

quicklime in the air channels and in the dilFerent apartments where
the pressure of public business induced the authorities to occupy courts

of law the day after very extensive alterations had been com})leted,

without waiting either for the drying of tlie plaster in the usual man-
ner, or for painting and decorations. When a building was sur-

rounded with an external malarious atmosphere, by a right system of

drainage this could in general be removed, at least from the immedi-
ate vicinity. Where the drainage was not sufficient, an active system

of vegetation became the next resource. If temporary or other causes

prevented this being carried to a proper extent, the antiseptic power of

caustic lime could be applied with great success. He was prej)ared to

point out many opportunities where this agent ought to be used in all

cities he liad hitherto examined. Numerous other chemicals could be

rendered available, particularly clioride of lime, muriate of zinc, and
other substances. Their elfects were seldom, however, obtained to the

extent they were capable of producing, from a want of knowledge on the

part of those who applied them of the chemical details essential to

their full 0})eration. Where vitiated emanations were traced within

a building to any special drain, close chamber, room, or other space,

either in the basement or elsewhere, a special ventilating power
should be brouglit to bear on them in the same manner as the venti-

lating shaft exhibited had been brought to act upon all the mate-

rials used in the illustrations given at the experimental table, unless

the cause was altogether temporary and easily removed.

FOURTH LECTURE.

The ventilation of individual rooms and habitations formed the

most important question connected with sanitary improvements. These
were the phices where the great mass of mankind si)entthe larger por-

tion of their time; where they were born and where they died ; there

they generally spent the period of their infancy and childhood, wheir
days of suffering and sickness, and recruited their daily strength with

food and by reposing from their labors. A vitiated atmosphere at home
corrupted the condition of the blood more than any other cause, inas-

much as it had a more continuous })ower of operation. The effect of

each .individual inspiration might indeed be trifling, but when re-

peated twelve hundred times an lionr for days, and montlis, and years,

and brought in direct action upon the blood itself in the lungs, it was
to be expected t-liat it should soon affect every fibre of the living frame.

In studying the ventilation of individual rooms and habitations,

it was recommended that the rotatory movements of air in a confined

atmos])here sliould be examined when an inequality of temperature

was induced, and that these movements should be rendered ])a!i)able

by elieniieals |)roducing heat and smoke. Franklin had made use of

this expedient, and had it been more generally attended to, ventilation

would have made much more progress than it had done. Experi-
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mental illustrations were then given of these rotatory movements.
In the external atmosphere the general ventilation of the globe de-

pended on such movement. In the smallest space that man could

examine they could likewise he traced. A peculiar argand lam{) was
then shown, in whicli hundreds of circular rings appeared when the

air and gas were permitted to enter in special proportions. They
afforded an example of minute rotatory currents indicated by the

movement infinitesimally small particles of incandescent carbon. The
audience were invited to examine these individually at the end of tlic

lecture, as they could not he seen at a distance. Bearing in mind the fact

that the living body, unconsciously to the individual, ventilates itself

when this operation is not opposed by an air-tight or ill constructed

apartment, an aperture for the ingress and egress of air in a proper
position^ and of the right dimensions, is the great desideratum.
While a window serves this purpose, and a porous curtain diffuses

the entering and out going air, it has taken a long time to carry con-
viction of the importance of additional resources in the comparatively
air-tight structures of modern times, cliarged with products of com-
bustion from gas and respiration, as well as other varying impurities.

But when it is recollected that a thousand different circumstances-

arising from the peculiar position, form, structure, arrangement, fur-

niture, and occupation of rooms, as well as their aspect in relation to

the sun, prevailing winds, local influences acting on the air, the.

position of doors and windows, constitutional peculiarities, and many
other details that might be enumerated, in addition to the changes of'

the season, the time of day or night, and the number of persons pre-
sent, all contribute to modify the effect required, it will be obvious
that the window alone is not sufficient for every ordinary apartment..
The great desiderata, in addition to the window, at least in rooms

subject to a great variety of occupation, are the following

:

1. A special flue, from the highest portion of the room, for the dis-

charge of vitiated air.

2. A special aperture for the ingress of a warmer or colder atmo-
sphere, when the external temperature, dust, noise, or any other cause,

renders a supply by the windows objectionable.

3. The means of extending the diffusion of the entering air so that
it shall not impinge offensively on any individual.

4. The means of applying a force or power to the ventilating flue,

(heat is the most available for all ordinary purposes,) which shall in-

crease the discharge to any required extent, and cause fresh air to

enter by any channel provided for this purpose.

5. The exclusion of all vitiated air from the basement of the build-

ing, or any other source, either by the action of a ventilating flue or

other equivalent measures.
These objects can, in general, be attained with facility and economy

in building a new structure, without interfering with the usual de-
tails of construction to any objectionable extent. It formis a most
important addition when the passages and staircases can be converted
into means for the general supply and discharge of vitiated air, warm-
ing the air by an apparatus placed there at the lowest available level

^

and introducing a large internal window above every door communi-

11s
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eating between the passage or staircase and individual rooms. Thesre,

when open or shut to the required degree, allow the air in the pas-

sages and staircase to be used as a milder climate, whether in the heat

of summer or the severity of winter—a perpetual ingress of fresh air

and discharge of vitiated air being constantly maintained in the hall,

passages, or staircase.

Dr. Eeid then adverted to some models and to a series of diagrams,

with which he illustrated, practically, the various methods adopted in

experimenting on the subject, and in the construction of apartments

where ventilation was introduced under very diiferent circumstances,

from which we select the following examples :

^

1. In this case, the ventilating aperture was immediately below the

ceiling and above the window. A valve regulated the amount of

opening. The air entering or escaping by this aperture must pass

through a plate of perforated zinc about one foot deep, and extending

the whole breadth of the window. Area of aperture through the wall

nine inches square.

2. A room having a ceiling universally porous, the air entering be-

tween it and an air-tight roof, and two apertures communicating with

this cavity and the external air which descends from one part of the

ceiling and escapes at another.

3. A room where the fresh air is supplied from the whole surface

of the wall in which the chimney is placed, excluding those portions

below the level of the fire-place ; vitiated air escapes by a special flue

contiguous to the chimney.

4. A room in which, when crowded, fresh air can be admitted freely

through a porous door from a prepared atmosphere in the passage,

vitiated air being permitted to escape by a large panel or window

above the same door.

5. A house having a special ventilating shaft capable of acting on

all or any of the individual rooms, and of having its power increased,

when necessary, by the action of heat.

6. A house in which all the vitiated air-flues are led into one large

^fliie descending to the basement, passing then laterally into an ad-

joining shaft, whose altitude (from the basement to the roof) gives it

great additional power when the fire is kindled at the lower extrem-

ity- . ,

7. A house in which fresh air is supplied to the passage, stairs, and

•principal apartments, from a special turret on the shaded side of the

house, while a discharging shaft, as in No. 6, commands the escape

of vitiated air.

8. A house in which the heating apparatus (hot water) is so arranged

as to present a warm surface on the floor of the staircase and principal

.apartments. Similar arrangements can be made with steam appa-

ratus.

9. A series of habitations supplied from a general source with a

-ventilating power, and a steam tube in every house, and in every

room of each house, where it is desired, in the same manner as houses

.are supplied at present with water and gas from one common source.

10. A series of diagrams, showing the imperfections of ventilated
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apartments, under different circumstances, when not constructed with

the resources explained.

In all these examples, whether apertures alone were made in humble

apartments, or an extensive series of arrangements in first-class habi-

tations, nothing was done incompatible with the free use of an ordinary-

window, or the action of a stove or open fire-place. The only pecu-

liarity that required attention was, that there should be an ample

supply of air in proportion to the demands made upon it. There was

then no conflicting action between fire flues and the ventilating flues.

It was strongly recommended that the shaft or flue for the escape .

of vitiated air should always be constructed so that external wind

should have no efi'ect in producing a back current. No external top

is better for this purpose than that recommended by a committee of

the American Academy of Sciences at Boston. It differed from the

cone in common use in this country, in having an addition above the

top of this cone which expanded the aperture slightly above the line

of the ordinary discharge. The ordinary form of cone of Mr. Emerson

had the advantage of being more simple, though not so powerful in

producing a draught. It ought to be recollected, however, that such

terminations to ventilating shafts or flues were principally important

in counteracting the influence of wind. They had no power in a calm.

If heated by the sun, they would promote ventilation ; if cooled by the

state of the atmosphere below the temperature within doors, they would

retard ventilation.

Dr. Reid'concluded this lecture by a brief exposition of the condi-

tion of the habitations of the people in different cities in Europe, and

illustrated by a drawing the numbers often crowded on a given space

in many of the humbler dwellings, and houses of refuge for the des-

titute.

Bad ventilation was by no means confined to the abodes of the

poor. None suflered more at times from this cause than the opu-

lent in palatial edifices where extreme illumination and air-tight

construction prevailed, though their wealth gave them great ad-

vantage in other respects. But great iraprovement^i had been made
in all classes of habitations within the last twenty years, however de-

fective individual examples might be. It was in vain, hoAvever, to

insist on ventilation where there was a deficient supply of warmth
and food. The general condition and health of the people was greatly

influenced by the air they breathed, and this, in the course of time,

afi'ected the appetite ; then the health gave way rapidly from the com-

bined influence of bad air and want of nourishment. The low tone

of the constitution induced a craving for unwholesome stimuli which

affected the system still more powerfully. In one house inspected, near

St. Paul's cathedral, in London, one hundred and twenty-three per-

sons were found crowded in a few rooms ;
and in another, thirty or forty

people were occasionally found in a single room. So great was the

crowding of the poor in many of the most populous cities, that the

question had been publicly taken up, and model lodging houses in-

troduced, which, with the supervision of licensed lodgings, promised

to be of inestimable value in improving the condition of the humblest

portion of the population. He found that model houses had also been
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constructed in different cities in this country, some of which he had
inspected with much interest. He did not know many questions con-

nected with the material well-being of man more important than that

of improving the condition of the dwellings of the people. It was
every day becoming more and more a moral, a religious, and a politi-

cal, as well as a physical question. Many were driven to the very ex-

tremes of socialism in its most repugnant forms as often from the want
of proper habitations as from any other cause. If the family system

and the home circle were essential to the foundation of a nation's pros-

perity and happiness, then too much importance could not be attached

to the improvement of the habitations of the people. Wherever the

laws, the institutions, the state of morals and religion, and the re-

sources of a country led to their being carefully made, the effects were

manifest in the external aspect of the people, to say nothing of the

many other blessings that flowed from this source. But let them look

to the other picture, and there it would be seen that if this object

were neglected^ whether from defective legislation, imperfect adapta-

tion, or careless and indifferent landlords and proprietors, vice and in-

temperance were certain to mark the results. It was by nomeans desired

to attach an exclusive importance to this question of the habitations of

the people. It was only one of many causes that contributed to their

elevation and comfort, or to their misery and degradation. But view-

ing this matter in a practical manner, it was obvious that the greater

the degree to which science perfected and economized the means of com-

bination and improvement, sustaining at the same time all the pecu-

liarities and associations of individual families, the greater would be

its success in promoting the best interests of the people.

Dr. Keid then adverted to the general appearance of the population

in different European countries, and remarked that he had nowhere
seen such marked specimens of sturdy and robust health and comfort

as the Swedish guard^ at Stockholm, presented when he visited that

city. The soldiers were not tall, but they had a firmness, density, and
compactness of limb and muscle which he had never before witnessed

in any body of troops ; while their countenances evinced a composure,

along with an entire absence from care, dissipation, or fatigue, that

manifested at a glance the high condition of their health. It would
be important if in every city there was at least one trained band of

men who could be seen from time to time, and give an example of

the appearance that human nature ought to present amidst the mass
of interior constitutions that appear in cities, whether arising from

bad air or any other cause.

FIFTH LECTURE.

On this occasion. Dr. Reid commenced with a reference to his pre-

ceding lecture on individual rooms and habitations, and called the

attention of the audience to numerous cases that had come under his

notice, both in this country and in Europe, where a great amount of



LECTURES. 165

vitiated air prevailed in the upper portion of different buildings.

There vitiated air was prone to ascend by passages and staircases from

other apartments, and if the roof or ceiling of the attics had no adequate

discharge, the moisture of respiration was condensed during the cool of

the night, though the warmth of the sun gave an elevated temperature

to this space during the day. He had seen numerous houses where dry

rot from vitiated air had entirely destroyed floors in the attics, while

the lower floors were comparatively sound. In public buildings the

same tendency was equally manifested under parellel circumstances.

An example was cited of a church in Scotland, near Edinburgh,

where the upper part of a long ladder was found so completely de-

cayed that it was broken with facility by the hand, while the wood of

the lower portion was perfectly sound. This church had been venti-

lated apparently by apertures in the ceiling, but there was no dis-

charge above in the roof, so that they were totally useless, except in

so far as they permitted the air in the roof to add its volume to that

below ; but at night the moisture of respiration condensing on the

timbers of the roof, which were finally entirely destroyed by the dry

rot. In London a very marked case occurred in the new post office,

where, a few years after it had been occupied, large quantities of a

brown fungus were found in the roof extending in branches sometimes

ten, twelve, or sixteen inches long, and as thick as a man's finger.

The products of respiration and of the gas lamps below had formed the

food that supported the growth of the fungus.

The ventilation of public buildings was the next subject of consid-

eration. The same principles were applicable there as in the ventilation

of individual habitations ; but the numbers crowded in a given space,,

the fixed position and comparative restraint that necessarily accompa-
nied many of the duties of official life, the long sittings of a judge in

court, of a member of the legislature, according to the public business

transacted, the ever-varying numbers present, and the changes of the

external atmosphere during long protracted investigations and de-

bates—all conspired to render a degree of control and power of venti-

lation requisite that was not needed in ordinary apartments. Further,

in public buildings, large halls, corridors, and passages were often

necessary, besides numerous individual apartments applied to very

various purposes, and subsidiary to the principal assembly rooms for the

transaction of public business. These varying in number from one

or two to hundreds, and sometimes covering several acres of ground^

in many cases required to be ventilated in unison with the principal

assembly rooms ; and without the adoption of some general system for

the whole, the warming and ventilating would be equally defective and
incongruous with the architectural character of the building were

the different portions of il. erected without reference to any general

plan.

The first point to determine, in the construction of a large building,

in reference to warming and ventilating, was the number of apart-

ments, halls, and passages that were to be used in such a manner, or

so arranged that they must be subject to one system of ventilation to

rciaintain uniformity of action. Then came the determination of the

question, how far it was necessary or desirable to unite the varied
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groups .of apartments and of individual rooms that required the power

of independent action in a more comprehensive scheme, that would

economize and facilitate the whole operation, without sacrificing the

special requirements of each separate control ?

These preliminaries being settled, the next step was to determine

whether a ventilating shaft^ put in action by heat, should be resorted

to for the necessary power, or a mechanical instrument sustained by

a steam engine or any equivalent force.

Where offices occupied by a few individuals only were to be venti-

lated, and where they were only required for very brief periods, neither

large shafts nor machinery might be requisite, if proper apertures

for the ingress and egress of air were arranged, as in well-ventilated

individual habitations, with small ventilating shafts or flues.

A shaft being made to operate on the vitiated air to be discharged,

tended, more or less, to produce a comparative vacuum in the apart-

ment to be ventilated, and hence the origin of the term Vacuum ven-

tilation.

An instrument moved by mechanical power, and acting directly in

expelling vitiated air, produced a similar effect. But when it was

made to ventilate by blowing in fresh air, it tended to create an excess

of pressure within the apartment it ventilated ;
air then escaped out-

wardly by open doors and windows, as well as by any appointed

channels, if they were not extremely large. This was termed Plenum

ventilation.

In the most perfect form of ventilation, the ingress and egress of

air were so nearly balanced that there was little or no tendency to

the air being drawn inwards or pressed outwards at doors or other

apertures not provided for its regular ingress or egress. The less

the tendency to either plenum or vacuum ventilation the better.^ And
even where shafts alone, or instruments alone, were used, it was

always desirable to reduce the tendency to a plenum or vacuum as much

as possible by the right adjustment of supply and discharge. In law

courts, theatres, or assembly rooms of great complexity, and having

numerous entrances to galleries, to seats on the floor, and to special

places allotted for particular purposes, and still more if they were

subject to great fluctuations of attendance, a plenum and vacuum

power was combined where the greatest perfection of effect was desired.

Having determined on the leading arrangements for the supply and

discharge of air, the amount to be given per minute, the apparatus

required for heating, cooling and moistening, and any of those end-

less varieties of contingencies which each individual building might

require, whether from the purposes to which it was to be applied, the

locality in which it was to be placed, or the climate to which it was

subject,—the details of the supply and discharge, the position of

valves, and the precise arrangements required for the ingress and

egress of air, should then be planned. This, in general, will be found

to require much more attention than was formerly given to such

questions. It is the rock of difficulties in all disputes where separate

authorities are responsible for decoration and structure, and for the

comfortable and effective result of ventilation. If the architect do not

profess ventilation, or the authorities do not confide that department

to him, it will be obvious that if no right mutual understanding be
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atnlcably and accurately carried out, then an inipermm in hnperio will

interfere at every step. If the architect have supreme power, then

he must necessarily become responsible for the ventilation, particu-

larly if he controls and determines the apertures for ingress and

egress, and the amount of diffusion given to the entering air. The
ventilator cannot be responsible for his plans if lie disapproves of

alterations which the architect may carry into effect. Again, if

the ventilator shall have the directing authority, the architect may
say that he will not be responsible for the appearance of decorations

and their general effect if they are adapted for ventilation in a

manner of which he does not approve. It will be obvious, then, that

until schools or colleges of architecture shall give the future student

the opportunity of applying himself to this subject as much as its

importance demands, we must consider this branch in a state of transi-

tion. When the architect does not profess to attend to ventilation, it

cannot receive from him that full assistance and development which

could otherwise be given in the original design, and in harmonizing all

the conflicting claims of the different departments of the profession.

Dr. Reid then gave experimental illustrations of the action of ven-

tilating shafts worked by heat, of steam ejected from a small glass

boiler, and of different classes of instruments for the movement of

air, pointing out more particularly the difference between the air-

pump, the screw, and the fanner. In speaking of instruments alone,

he gave a decided preference to the two latter, from the simplicity,

continuity, and equality of their action ; though, in particular cases,

where air at a higher pressure than usual was necessary, he preferred

the air-pump.

At the same time, wherever a ventilating power was essential, and

the difficulties to contend with were not great, he recommended the

shaft as abundantly sufficient for all ordinary purposes ;
stating that

any common laborer could be taught to attend to it, and that it merely

required to have a proper supply of fuel from time to time
;
whereas,

with an instrument worked with an engine the constant attendance

of an engineer was essential. That was the result of his experience.

He had been the first, so far as he was aware, to introduce large fan-

ners, worked by steam engines, fitted up expressly for ventilating

buildings, and still recommended their use as much as before, under

similar circumstances ; but he could point out places where they were

not necessary, and where the substitution of a shaft would effect a

considerable annual saving.

In respect to the course which the air should take in passing

through any apartment to be ventilated, much should depend on the

special difficulties to be overcome in each individual case. The ascend-

ing movement was preferred for all ordinary purposes. He had used

that movement more extensively in public buildings than any other,

though in old buildings, where it had to be applied under great limi-

tations, there were often many difficulties to be met.
^
Among these

tlie most formidable in general was the want of sufficient diffusion

.for the entering air. In the late House of Commons, which was made
the basis of experiment for determining the accuracy of his views and

tlie test of their application to the new houses of Parliament, he had
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"been led to the conclusion that the restrictions which the state of the
walls and the time for applying his plans in this building necessarily
imposed on him, universal diffusion through a porous floor was the only
scheme of supply that met the realities of the case. This arrangement
for the supply he introduced accordingly

; and, for fifteen successive
years, after which the building was pulled down in consequence of the
progres of the new works, the government and the House uniformly sup-
ported it, notwithstanding some obvious disadvantages that were met
by peculiarities of details. The House of Peers, also, after it had been
sustained for three successive years, requested that similar arrange-
ments should be introduced into their chamber ; but the means
allowed for this purpose did not permit the views to be applied as
completely as in the House of Commons—the progress of the new
works leading the authorities to expect that they would soon be en-
abled to occupy the new House of Peers.

Tables were then presented, showing the observations that had been
made every hour during the sittings of the House of Commons for

fifteen successive years. Large diagrams were also shown explana-
tory of all the peculiarities of the arrangements adopted in the late

House of Commons, and of the experimental buildings previously con-
structed by the Lecturer at Idinburgh in reference to the ventilation.
In the temporary House of Peers arrangements were made that
enabled a large movement to be tested whenever the weather gave a
suitable temperature, according to which fresh air was permitted to
descend from one part of the ceiling and ascend to another. This
was independent of the usual arrangements adopted there. A similar
movement had also been in use in his lecture-room at Edinburgh from
the time it was constructed in 1833 ; but there he did as he pleased,
and gave a supply and discharge by a large aperture having an area
of several hundred superficial feet. The wall of one side was left out
in reality, so that air descending from the contiguous apartment
moved in one broad current to the class-room. A movement of sup-
ply and discharge by the ceiling requires a very large amount of
apertures, otherwise much of the air passes from the aperture of
supply to the aperture of discharge without doing any good to the
ventilation of the lower part of the room, where alone it is essential
to have fresh air. Again, there are cases where a direct descent is

preferable to all other movements. These occur principally where
there are peculiar difficulties connected with the supply and the con-
dition of the floor. At one period he (Dr. Eeid) was under the impres-
sion that such a movement might have been the best for the old House
of Commons

;
but, on investigating the circumstances that led to this

view, it was found that the whole arrangements for the ventilation
had been improperly changed and neglected during his absence,
and, with the sanction of the government and the members of the
House of Commons who attended the investigation, everything was
restored to its former position.

Descending ventilation could be rendered perfectly successful even
in a crowded assembly, but never without a much larger supply than
was requisite with an ascending movement. He had made the exi^eri-

ment repeatedly with individuals, and in a room specially constructed
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for testing this and other questions connected with architecture, and
the result was invariably the same. Descending ventilation was also
inapplicable where lights were introduced that were not specially ven-
tilated. Where the products of gas and oil lamps were added to the
products of respiration the amount of ventilation requisite was so large
as to preclude a proper sup})ly without a movement of air so
great as to be objectionable on this ground alone, and^ at the same
time, very expensive.

In some experiments, in which a number of the members of the
Eoyal Society of Edinburgh took a part, one of the clubs formed of
members of the society dined in one of the experimental rooms he had
constructed. Fifty attended on this occasion, including the president,

Sir Thomas Brisbane^ the late Lord Cockburn, and other gentlemen
connected with literature and science. The hotel-keeper at whose
establishment the club were in the habit of dining was well acquainted
•with the habits of those who were present, and stated next day, when
he presented the bill, how much he was surprised at the amount
of wine taken on this occasion. This, at least, was the point that
principally attracted his attention. After providing rather more than
a good average supply, he had to send a carriage for more, and again,
as the evening advanced, he had to send a second time for further
supplies. The dining room at his hotel was not then, at least,

ventilated, and gas and vitiated air from respiration soon satisfied

the appetite. But in a room supplied with a large and flowing stream
of air, the natural powers of the constitution were not subdued, and,
what is curious, none of those present were at all aware that they had
taken anything unusual till they were informed of it next day. Many
is the unrefreshing meal and subdued appetite that destroys the
strength of the constitution in apartments loaded with the vapor of
respiration and exhalation. Travellers, and, indeed, all persons,
should be charged only half fare when they partake of refreshments
in an ill-ventilated apartment.

If one wishes to see and study the practical importance of this

question, let him go to ill-ventilated boarding-houses, schools, mili-

neries, manufactories, and refreshment rooms, particularly in the
crowded localities of large cities, and he will there trace one of the
causes of impaired health which affects great numbers of the popu-
lation. So thoroughly is this now understood in many places, that
cases have been cited where workmen have struck for more wages
in newly ventilated manufactories; the proprietors not perceiving that
they could, in general, obtain an equivalent value from the exertions
of those who were in better health and strength than the ventilation
previously permitted.

Diagrams were then pointed out illustrative of the general mode of
dealing with the ventilation of large buildings, special reference being
made to the houses of Parliament, in London, and to St. George's
Hall, at Liverpool.
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SIXTH LECTURE.

In this lecture details were given as to the arrangements made at

the late House of Commons, and contrasted with the provisions founded

on them that had been executed for the application of hi3 plans in the

new houses. It was only rights however, that he should tell the

audience that they were not completed under his directions; and that

his plans there met with so many obstacles from alterations, to which
he objected, that, in the year 1845, he considered it his duty to call

the attention of the government to them, and to the necessity of an

inve8tigT,tion. It being evident that he could no longer be responsible

for the result, or for the cost, unless sustained in the arrangements

authorized by the government and Parliament at the time his plans

were adopted. He continued that it would be altogether out of place

in so brief a course, to detain the audience with any minute state-

ment of his own, or of others, on such a subject ; but it would be

equally obvious that he could not pass over this subject without some
notice of the principal incidents that had occurred in so great a work,

and lie would, therefore, only give a very general outline of the case,

and place in the hands of the secretary of this institution a copy of the

evidence he was finally called upon to give openly and publicly at the

bar of the House of Commons in respect to it, after demanding this

or some equivalent opportunity in vain during the six preceding years.

The investigation he asked for was instituted in 1845, and in the

following year a committee of the House of Commons took up the

question. The committee included members of all political parties ; the

lateSirRobertlngliswaschairman, and LordPalmerstonand Lord John
Eussell were both members. After due investigation the committee

passed resolutions that were in every respect satisfactory to him^ and
they also renewed, as a committee, their expressions of opinion as to

the satisfaction given by the plans in the house they then occupied.

But in the meantime new proceedings were instituted in the House
of Peers, and after this renewed investigation by new referees, and by

a committee of which the Marquis of Clanricarde was chairman, in a

manner that did not permit, as Dr. Reid had then stated publicly

in official documents, a proper investigation ; a resolution was carried

in the one house of Parliament, the House of Peers, that virtually

negatived the resolution unanimously adopted previously by the com-

mittee of the House of Commons, and gave an authority to the archi-

tect over the ventilation to which he. Dr. Reid, could not assent.

From the day this was officially communicated to him by the govern-

ment he never once acted at the new houses, except under protest,

though he gave such advice as the government still required from

him, till he succeeded in being called to the bar of the House of

Commons. But in the meantime the mayor and corporation at

Liverpool had adopted, in the year 1841, the same year in which his

plans had been adopted for the n»^w houses, parallel plans for their

great building, St. Greorge's Hall, and tlie new assize courts. In

1846 the Liverpool committee inquired into the disputes at Parlia-

ment, and coinciding with the views of the House of Commons, and
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not with those of the House of Peers, continued the support they had

all alonj^- accorded, and, in 1855, when the whole works were com-

pleted, declared their satisfaction with the result. A committee of

the House of Commons also had previously reported their success.

Furtlier, in an arbitration, in 1853, when a new investigation took

place that lasted for thirty days, the arbiters sustained him in every

legal privilege and award connected with his case, of which, at the

new houses ot" Parliament, an attempt had been made to deprive him,

founded on the evidence of the architect, with whom he differed.

If any one should think that even with this brief statement he

had dwelt too much on this subject, he requested them to remember
that he could not say less witliout appearing to evade a case that had

led more to the study and progress of ventilation than any other with

which he was acquainted ; which had materially assisted in support-

ing the views he had previously expressed, and explained in his Illus-

trations of Ventilation, published by Messrs. Longman, of London,

as to the right method of proceeding with the study of architecture

and ventilation for the future, as well as to the mode of meeting the

difficulties attending a state of transition in making preparation for

systematic ventilation.

The late houses of Parliament, the new houses, St. George's Hall,

and the new assize courts at Liverpool, a building in which there were

upwards of a hundred public and private compartments, and the ex-

perimental rooms and lecture room he had previously constructed at

Edinburgh, presented in their combined history the most extended

illustration of the applications of his views. The obstacles opposed

to them at one place, and their execution in another, under such a

variety of circumstances, exclusive of law pleas, arbitrations, parlia-

mentary, professional and other inquiries, called forth facts which

elucidated the progress of all the leading questions affectinp warming,

lighting, ventilating, drainage, and acoustics, in connexion with the

progress of modern architecture, and the difficulties they had to en-

counter.

A diagram was then explained, illustrating the numerous rooms

subjected to the action of a single shaft at the late houses of Parlia-

ment^ and the manner in which it was applied in acting, at the same

time, on the chimney flues, on the drains in the vicini{y, and on vitia-

ted air when accumulated in the contiguous court-yards. Plans and

sections were also shown, illustrative of the works executed under his

direction at the new houses, which were incorporated with the princi-

pal portions, till he refused to be responsible, and ceased to act, except

under protest. The sections explained the portions of the Victoria

and the clock towers set apart for the supply of fresh air from a great

altitude, the central air chamber under the central hall, the leading

channels from it to the House of Peers, to the House of Commons, and

to other parts of the building, and the passage for vitiated air from

several hundred different places, and from all the smoke flues to the

central tower above the central hall, which had been introduced ex-

pressly at his suggestion, but subsequently so reduced and cut off from

important channels that it formed one of the principal causes of dis-

pute.
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The plans showed the general disposition of the fresh air chambers
in the vaults, and the great smoke and vitiated air flues in the roof.

Dr. Reid then concluded his remarks on the new houses of Parlia-

ment, stating that though alterations had been made in his plans
every succeeding year had confirmed him in the opinion that they
could not depart in any material point from the principles he had
advocated or the practice he had introduced without injury to the ven-
tilation. He added that he had reason to believe that this conclusion
would be placed beyond all question whenever the evidence taken at

arbitration should become better known ; referring to the numerous
works he had executed, and to the extent they had influenced others,

he mentioned one architect, Mr. Thomas Brown, who had applied his

plans in forty-eight public and private buildings.

A large plan was then brought forward sliowing the details of the

principal works executed under his direction at George's Hall, Liver-

pool. The principal air channels were about 400 feet long, and of

such magnitude that any one could walk in them without inconveni-

ence. A central engine commanded the movement of air, and drove
four instruments that directed currents north or south, east or west, as

might be required. The great hall, the courts of law, the minor
courts, the library, the concert room, had the combined advantages of

a plenum and vacuum movement. Heat was given by coils of hot water
apparatus, the principal coils being each forty feet in length, ten in

breadth and six in depth, and auxiliary coils of steam pipe were placed

locally, whose action was brought into play principally in very cold

weather. Many portions of the structure showed special modifications

in the design of the interior for ventilating purposes. All the smaller

apartments had fire-places supplied with a soft coke that gave no smoke,
and the flues were all carried into four large shafts in the angles of

the great hall. No windows were ever opened in the great hall, law
courts, or concert room, but in most of the minor rooms and offices

windows were made in the usual manner.
When air is supplied to large buildings, or, indeed, to any habita-

tions by a fixed and definite channel, it is very desirable, if it be not

introduced from a great hight, to pass it through a gauze in winter,

in such towns as London and Manchester, so as to exclude a large por-

tion of the soot that usually accompanies it at such periods. By taking

the additional precaution of making it traverse a heavy artificial shower
of water, which is still more purifying, if charged previously with as

much lime as it can dissolve, the air becomes much more refreshing.

Thus, then, in public buildings of the highest importance the great

objects are, the supply of the purest accessible atmosphere ; the purifi-

cation of the air when requisite ; the exclusion of all sources of local

contamination ; the power of warming by a mild heat ; the power of

cooling ; valves and channels that admit of air being changed in tem-

perature at a moment's notice, or, at least, sooner than numbers can

pass out of or into the building ventilated; means for moistening air;

the ventilation of lamps, or the adoption of a system of lighting that

excludes the products of combustion ; the introduction of a plenum or

vacuum power, or of both, for regulating the supply of fresh air and
discharge of vitiated air ; and the adoption of the most extensive
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measures practicable for securing the supply of air with the gentlest

movement, and tlirough a very large diffusing surface, which is more
and more agreeable in proportion as it approaches universal diffusion

from every perpendicular surface. The diffusion may, in some cases,

be given at the ceiling, under certain circumstances of breadth and
height, excepting such area as may be reserved therefor the discharge
of vitiated air.

Leading facts were afterwards pointed out in reference to other
classes of buildings, in which his plans had been introduced, from
which the following selection is made :

The Chapel Royal, at St. James's Palace, is ventilated by a metallic
shaft, worked by a series of gas lights, and the principal fire-places

discharge vitiated air into the same flue, with which they communi-
cate by copper tubes. There is an ascending movement of air in the
body of the chapel, but in the Queen's gallery the fresh air descends
from the ceiling and spreads horizontally over the seats.

At the Pavilion, in Brighton, ventilation was effected by the intro-

duction of an iron shaft, heated by gas, and attached to one of the
turrets in the vicinity of the Minarets.
At Buckingham Palace, in ventilating some of the state apartments,

a central shaft, having an area of twenty-seven feet, was formed where
only two feet of discharge had previously been provided, exclusive of
doors and windows. A back staircase, eight feet in diameter, was
appropriated for the discharge of vitiated air from the basement and
contiguous offices, which had previously flooded the state apartments.
At the opera, in London, a discharge two feet in diameter was

replaced by another of seventy-five superficial feet area, but nothing
was done for the better supply of fresh air, except at the Queen's box.
The proprietors would not agree to give a proper supply.
At the Old Bailey the whole of the arrangements were adapted to

the action of a large fanner, eighteen feet in diameter, which was worked
by a steam engine.

In churches, the spire or tower was brought into action as a venti-
lating power, whenever permission was given for this purpose; and
when the church was surrounded by a grave-yard or other source of
vitiated air it was recommended that the spire should be so divided
within that one part might supply fresh air from a considerable alti-

tude above the level of the ground, the other portions being used for

the discharge of vitiated air at a higher level.

In prisons. Dr. Reid had used the ventilating shaft principally, and
preferred an ascending movement in the individual cells, allowing
the prisoner the control of the window to a limited extent.

In barracks for soldiers great suffering was often experienced from
defective ventilation, and the men often became practically familiar
with this question from the extent to which their arms and accoutre-
ments rusted in some places compared with others, entailing on them
a degree of labor, in preparing for parade, of which they made more
complaints than of its influence on their health.

In schools, he preferred the action of a single ventilating shaft suf-

ficient to control the ventilation of every apartment in the building,
and urged also the general adoption of one regulating discharge from
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each room. Illustrations were taken from schools in Westminster

and other places, and cases cited where excessive crowding had led

to six times the number originally intended being accommodated in

particular schools. In this country his own observation, as well as

the concurring testimony of different reports he had seen, led him to

the conviction that much was still to be done before the ventilation of

schools could be considered on a proper footing. The supply was, in

general, too small, the means of discharge not sufficiently powerful,

and the ascent of the warm entering air so rapid, that much of it escaped

by the ceiling without doing any good, unless made to descend to the

floor by opening the discharge there, and closing the aperture above,

when the products of respiration descended along with it. The diffu-

sion of heat, also, was rarely general and equal, and hence it was
often impossible to give sufficient fresh air without opening the win-

dows at times when the state of the external atmosphere indicated

that they ought, if possible, to be closed. In some more recent cases

the diffusion of heat had been very much extended and improved, but

not the ingress of air.

In hospitals much required to be done, more especially where con-

tagious diseases were treated ; he considered that great improvements

might be made in such cases by causing all the expired air and ex-

halations to pass directly from each individual patient to a ventilating

flue, where, by the action of heat, every noxious emanation could be

entirely destroyed, so as equally to save life within doors and relieve

apprehension without. In this country, at the New York Hospi-

tal, he had seen arrangements that were in advance of most of the

plans usually adopted in Europe ; but he had not hitherto observed

any hospitals where the views he recommended for quarantine hos-

pitals on shore and others for contagious diseases had been intro-

duced.

In chemical lecture rooms, experimental class rooms, and in all

manufacturing operations, where acrid, poisonous, or irritating gases

and vapors were diffused, he recommended that provision should be

made for the direct removal of every offensive product without per-

mitting it to escape into the general atmosphere, illustrating this

department of the subject by a large plan of the ventilating shafts

and flues introduced at his former class-room in Edinburgh.
From these illustrations it would be seen that the course he recom-

mended was a special adaptation in each individual class of building

to the purpose for which it was erected, and in unison with the style

of architecture adopted. Air could be made to move in any direction

that might be required, and when in a proper condition as to tempera-

ture and moisture, and in sufficient quantity, many of the details were

often matters of indifference. But the economy of each individual

movement was a very different question, and extensive ventilating

movements could only be most successfully and economically combined

when incorporated with the original design before the building is

commenced.
Dr. Reid then passed to the subject of lighting public buildings,

and commenced his illustration by throwing a very powerful lime ball

light on the flame of candles, lamps, gas-lights, burning alcohol, and
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paper. These, under the influence of the lime ball light, gave a

shadow on the adjoining wall which did not terminate with the

outline ol the flame, hut merged without any line of demarcation at

the upper part of each flame in a continuous ascending undulatory

shadow that reached to the ceiling of the lecture room. The apparent

shadow arose from the refraction produced by the heated current of

ascending vitiated air, and the necessity was then pointed out of all

lamps used in public buildings being ventilated by special tubes, or of

ventilating apertures being arranged for tlie discharge of vitiated air

above them, so as to prevent the recoil and descent of vitiated air from

the ceiling. In an assembly for the transaction of business, m a

church, in a school, in courts of law, and in other similar collections,

it was too often forgotten that the object to be attained by lighting

was not so much to show a beautiful chandelier as to illuminate the

countenances of those who took a prominent part in the proceedings.

A visible light close to any object, or in the direct line of sight

between one person and another, interfered with distinct vision.

In a light-house the light was the special object of attention, as in

fireworks, and in various optical, electrical, and chemical experi-

ments; but in public buildings, such as had been adverted to, the Jess

the actual flame or luminous matter was seen the better, provided

the proper objects were well illuminated. The more successfully the

diffused light of day was imitated, and the light by night corresponded

with the light required and given by day, the more satisfactorj^ would

the result be. But many were the buildings in which the light by

day as well as that by night was very imperfectly adapted to the

necessities of the case. In his experience, at least, he had often seen

the back of the head illuminated more powerfully than the counte-

nance, and a distraction of rays and beams of light utterly at variance

with that harmony and unity of effect that was always manifested in

an external landscape, when there was no disposition nor attempt to

gaze upon the sun itself in its meridian splendor. The different steps

in the progress of this question were then explained ; the successive

experiments made at Edinburgh, Liverpool, and London, and the final

acknowledgment of the principle that the products of combustion from

lamps, as well as the heat they produced, should be excluded or with-

drawn as much as possible from ventilated buildings, where the heat

was not rendered useful in unison with proper ventilation. That

electrical lights, oxygenated lights, lime ball, and other lights of

great intensity, were not so much required, at their present expensive

cost, as a mild and diffused light illuminating the objects to be seen,

and which should not glare in the eye of the observer. That the

countenance should be illuminated by rays extending from an ex-

panded surface, and rather from above downwards, than from below

upwards, always securing, directly or indirectly, as much horizontal

light as was required. That lights at a low level, as foot-lights, such

as are common at theatres, give an unnatural expression to the coun-

tenance, and also interfere materially with distinctness of vision when

hot currents of air are permitted to ascend from them, by the ine-

quality of the refraction of light transmitted through such heated cur-

rents and the contiguous colder air. That the new resources placed
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at tlie disposal of architecture by the progress of practical science, and
particularly by the facility which iron and glass afford in arrange-
ments for lighting and ventilation, call for a revision of the practice

of former days and for the more extended use of external illumination,
or the introduction of ventilated lamps. That phosphorous was an
element that might be advantageously introduced for the purpose of
artificial illumination, the acid formed by its combustion being con-
densed by ammonia^ and returned again by chemical processes in the
form of phosphorous. There was no objection to bright lights if the
rays from them were sufficiently diffused before they met the eye; but
until economy was attained in their construction and management, a
double expense was incurred, first in producing them and subsequently
in moderating their intensity.

The physical effect of light upon the constitution was then ad-
verted to, and illustrations given from a barrack in St. Petersburgh,
where a very marked example was presented of this influence in

the prevention of disease. If the rays of light were capable of
producing those striking and delicate results that were portrayed by
the daguerreotype and the photograph, it would be unreasonable to

suppose that their action on the sentient fibres of an organized and
living structure would not be still more marked. The influence of
light was equally conspicuous on the animal and vegetable kingdom;
and the tint given to rooms could be used in some cases of disease as a
power in assisting to sooth and subdue an irritable temperament, or
in raising, in some degree, the spirits of those that were depressed.
He had had, on different occasions, the opportunity of noticing the
effect produced in this manner. A room that was of a dead black,
and another in which pink and white alternated, were at the extremes
of the scale.

The electric light was the most intense and penetrating artificial

light hitherto discovered ; and next to it came the lime ball light.

The electric light was accompanied with a perpetual vibration that
had not hitherto been overcome ; but 1»he lime ball light could be
sustained indefinitely and with great equality, by the use of appro-
priate apparatus. The late Sir John Leslie had estimated that the
brightest lime ball light had only a one hundred and twenty-third
part of the power of an equal amount of solar radiation.

This lecture was concluded with an account of some experiments he
had directed for illuminating the hills at Edinburgh on the occasion
of a public festival, when the scenery was made manifest by tons of

blue light and other deflagrating mixtures, fired by signals on selected

spots on different hills. Nearly a hundred persons were employed on
this occasion, and the magnificence and beauty of the effect produced,
where isolated landscapes started suddenly into view in the midst of
the surrounding darkness, and where the illuminating lights were not
seen, confirmed the views he had advocated in reference to the lighting
of public buildings. He did not mean to say that naked lights should
not be used, and that the light itself should not be visible in all kinds
of public buildings. This was not requisite ; nor was it so economical.
Lights, also, were pleasing adjuncts in the ball room and on all festive

occasions, where their sparkling brilliancy added to the gaiety of the
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scene. In this respect the pure white wax candle, with its hrilliani

flame, was unrivalled, except by the small gaslight burning with
similar lustre. But he did maintain that the best style of lighting
is that which t(dd least on the nervous system and on the health of
those who were engaged in public assemblies, and one that was, at the
same time, the best for the transaction of public business. The light
itself should be altogether concealed, or at least very considerably out
of the direct line of vision. He would only add that light trans-
mitted through ground glass was very oifensive to some, and that a
smoother and opalescent material gave it a softness of tone that could
never be commanded by the ground glass. Light radiated from
invisible burners, and, falling upon convex plaster of Paris surfaces
and solid flowers made of the same materials, and tinged to any
agreeable tone, gave a very pleasing and diffused radiation, with which
any desirable amount of illumination could be obtained for public
buildings.

SEVENTH LECTURE.

In this lecture Dr. Keid commenced with an explanation of the
manner in which fire-proofing interfered with the ventilation of some
public buildings, and the method of obviating the defects arising from
this source. The whole question of fire-proofing required revision.
An examination of the construction of different buildings said to be
fire-proof would exhibit a great diversity in the standard aimed at,
and in the amount of security given against fire. Ventilation re-
quired the ingress and the egress of air. Some systems of fire-proof-
ing contemplated the entire prevention of such movements when not
in actual occupation, and therefore valves (doubled, if necessary, for ad-
ditional security) were requisite to cut off all communication with the
air flues. The importance of separating contiguous rooms or buildings
by fire-proof walls and floors was universally recognized. But the great
point desirable in public buildings was to use no combustible mate-
rials, or a portion so small that even if on fire it could not do any
material injury. These also could be charged with chemicals of
different kinds, so as to diminish their ready accendibility. Various
experiments were then made illustrative of the action of alkaline and
earthy salts in preventing or retarding the combustion of wood, 'cloth,
and other inflammable substances used in building or for furniture.
Many fires originated not merely from carelessness, but from an
ignorance of the first principles of chemistry. In the present state of
society, in v^'hich the extension of art and science had introduced the use
of so many new materials, it was essential that the chemistry of daily
life should be made an elementary branch of general education.
A number of special facts were then mentioned in illustration of

this position. It would give increased power and facility in con-
ducting o{)erations of art, and in dealing with combustible and ex-
plosive materials. To illustrate this^ a portion of gunpowder was placed
in a small copper cuj), and covered with oil of turpentine. The oil
of turpentine was then inflamed. It continued to burn above the

12 s
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gunpowder, wliicli was not at first in any way affected Ly it.

The flame was blown out, and rekindled. This was repeated sev-

eral times in succession. At last the gunpowder was exposed, the
level of the burning fluid having descended below the surface of the
central portion. Still it did not fire ; it was surrounded and enve-
loped in a vapor of oil rising rapidly from the portion below. At last,

the oil being nearly consumed, and the edge of the flame coming in

contact with individual grains, they deflurated one by one, and soon
afterwards the rest of the gunpowder exploded.

This experiment was then varied by placing a small portion of
gunpowder on a flat brick, drenching it with oil of turpentine, and
sustaining continually around it a small portion of this fluid. A
light was then applied, when the oil alone was kindled ; the gun-
powder acting as a wick, and remaining totally unaffected so long as

there was any oil in the vicinity to be consumed.
It was then argued that general instruction in chemistry would

give a similar power of control over many sources of fire, and that
tli^e principles he had explained in connexion with this illustration

could in many cases be practically applied. It would also lead to

the more extended use of fire-proof or incombustible materials in

all classes of building, by giving correct views as to their nature and
capabilities, and the advantages attending their introduction.

The next subjects were the ventilation of underground mines and
of ships. These presented peculiar and somewhat similar difficulties,

from the comparative inaccessibility of the lower portions of both to

the direct access of atmospheric air.

In the class of mines to which he adverted_, the great difficulty lies

principally in the expense of making ventilating shafts, particularly

where springs of water interrupt their formation, or the presence of
fire-damp render it important to have a larger amount of ventilation

than would otherwise be requisite. Nothing would contribute so

much to the better ventilation of mines as the invention of machinery
and apparatus for facilitating the sinking of shafts. The attention

of men of science and practical engineers should bo directed specially

to this subject. Hitherto he had not had the opportunity of visiting

mines in this country, but he had examined many mines in Great
Britain, more especially in the northern mining district, on which he
had reported officially when acting on a commission of health for

cities and populous districts in England and Wales. In some of the
most dangerous mines in England a very slight interruption to the

ventilation, or a fall of tlie barometer, causing a rapid discharge of

fire-damp from the coal, greatly increased the risk of explosion.

Hundreds were at times subjected to the most horrible deaths, the mix-
ture of fire-damp and air in numerous mines constituting, at the mo-
ment of explosion, a kind of aerial gunpowder that equally surrounded
the body and penetrated to the interior of the chest. In no range of

cases where ventilation was an absolute necessity would education in

science do more good than in the mining districts. It was not enough
to have a few able superintendents here and there. Every mine and
every district of a mine ought to be much more frequently examined
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and reported on than was customary at present. He had found in

some cases, even recently, that the fresh air intended for the supply
of a pit, where there were hundreds of men at work, was contaminated
largely when the wind blew in a particular direction from a large

heap of waste fuel of inferior quality that had been burning there for

many previous years. He mentioned this merely as one of the numer-
ous instances which could be pointed out of the impossibility of check-
ing evils of great magnitude, where more intelligence did not prevail

in respect to the nature of the materials which were employed.
One of the shafts of access to the pit, or mine, was usually converted

into a ventilating flue, by kindling a large fire, not at the bottom of

the pit, but at one side, near the bottom. From this a large flue con-

vej'ed the vitiated air and products of combustion to the shaft, at a
sufficient distance above the lower part to permit them to cool on the way
to a degree which would allow men and materials to pass safely up
and down the shaft. Dangerous atmospheres were sometimes diluted
with air, by proportionate ventilation, so as to take away all risk of

explosion; or discharged by a separate shaft, or by a separate channel,
into the ordinary ventilating shaft, far above the fire, so as to pre-

vent their coming in contact with flame. Mechanical appliances were
used in some mines to promote ventilation, and advantage had also

been taken in different places of the steam jet. Choke damp (car-

bonic acid) infested numerous mines, and was frequently a cause of
death. The Davy lamp, though an invaluable invention, was not
always to be trusted, even with all the improvements that had been
suggested in recent times. An infinitesimally small particle of carbon
might be projected, sufficiently hot from the flame of the lamp,
through the wire gauze, by a sudden commotion of the air arising from
the falling in of any portion of the roof of amine, or any other cause,
and be fanned into an active combustion in an explosive atmosphere,
though ordinary flame is entirely arrested by the wire gauze pro-

posed by Davy.
Again, in many mines, partitions of wood giving way^ from the

decay of the material, rendered the ventilation less effective ; and, in

short, from the length of the air courses, extending sometimes to ten,

twenty, or thirty miles, the underground miner almost always worked
in an atmosphere more or less contaminated ; and he did not consider
that sufficient exertions were made at present, either by the extended
application of practical science, or by the education of the miner, to

place this subject on the footing demanded both by the dictates of

humanity and by a true economy as a matter of business.

The ventilation of ships had made less satisfactory progress, prob-
ably, than that of any other cases in which ventilation was so im[)or-

tant. From the time of Dr. Hales, who had long since entered on
this question practically, with great ability, and at a period when
much of the information now made accessible by more modern chem-
istry was not available, it had at different periods been taken up, and
again neglected ; and even in his own experience he had seen it alter-

nately prosecuted with vigor, and abandoned by successive directors of

the same board, according as their appreciation or want of information
as to the laws of health had dictated. The sea had had its ''black
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holes of Calcutta" as well as the land. In some cases almost every

individual confined under deck, in a storm, had been literally suffo-

cated in consequence of the want of fresh air. Even a very few years

ago a case of this kind had occurred in the Irish channel. Still more

recently hundreds of Chinese had perished on board ship from the

same cause. During the late Crimean war, the suffering and death on

shipboard, during a storm in the Black Sea, had been extreme. In

one of the most crowded vessels, where defective ventilation added its

horrors to disease, nearly a hundred perished in a single night. How
often was it forgotten that a very small cause would put out the fee-

ble flame of life, when it had to struggle at the same time against

disease and against a vitiated atmosphere, poisoning the very foun-

tain at which it should be renewed at the rate of twelve hundred

respirations every hour. If it had been right in him to advocate the

cause of general education in the elements of science in speaking of

other cases where ventilation was necessary, it was still more essential

that it should not be forgotten as a means of promoting the purity

of the air of ships.

On examining the condition of ships-of-war, packets and merchant

vessels, when his attention was first specially directed to this depart-

ment, he had not met with a single case in which any arrangements had

been made beyond the windsail, and occasionally a few copper or other

tubes, acting locally for the supply or discharge of air, and not gene-

rally on the whole ship. The effect of these was entirely dependent

on "the slate of the wind. There was no ventilating power that

could be put in operation in calm weather, sufficient to meet the

contingency of a storm when all side ports and scuttles were closed,

and even the very hatches battened down to prevent the ingress of

water from the deck. In experiments which he had made on board

the Benbow, a seventy-two gun ship, by the kindness of Admiral

Houston Stewart, he had used a fanner that sustained a plenum cur-

rent in a tube made of canvass about four or five feet in diameter.

He had afterwards seen a small fanner introduced by Captain War-
rington, who had been strongly imjjressed in a voyage from India

with the necessity of the ventilation of ships. But whether fanners^

screws, pumps, or any other variety of mechanical power was used

for this purpose, a system of tubes or ventilating channels was

absolutely essential to admit of a satisfactory effect being insured,

particularly on those occasions when ventilation was most imperiously

demanded. A ventilating power worked by heat alone was not so

generally available on board ship as other means ;
still, however, it

could be used with advantage in many cases when judiciously applied,

and the cooking stove could often be rendered useful for this purpose

by intelligent officers. In steamboats, the machinery and the tires

for the production of steam gave twofold facilities for ventilation.

It was inexcusable, therefore, that they should not be more systemati-

cally ventilated than they generally were. Any amount of appro-

priation, almost, could often be secured for the most superb cabin

decorations, while a comparatively trifling sum was as often denied

for the means of giving the pure breath of life.

A diagram was then shown illustrative of the plans executed by
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the directions of Dr. Keid in different classes of ships. Those intro-

duced in two of the Queen's yachts were specially mentioned, and that

in the Minden, the hos})ital ship used during tlie former Chinese war.

He referred also to three steamers he had ventilated for an expedition

to the Niger. Emigrant ships and packets were then mentioned, and
it was strongly urged that were nothing more done than the intro-

duction of a single ventilating tuhe from stern to stern, a great and
important improvement would he secured. By this, with appropriate

power apertures, and with valves, vitiated air could he extracted from
any part of the ship in the line of the tube.

At the same time he deprecated the idea that this should he the only
improvement introduced where many were crowded in cabins or small

spaces. A ventilating tube should be supplied to every individual

cabin or place occupied by passengers, and indeed to every isolated

portion or cavity of the ship. And in large vessels, with crowded
decks, the officers should be instructed in the best methods of con-

verting the ladder ways and cargo hatches into ventilating shafts in

proportion to the numbers present. Nor was it difficult to construct

temporary air pumps or fanners to assist in the discharge of vitiated

air, though it would be much better to have these made on shore and
kept in readiness for use on shipboard.

The important question of quarantine was then introduced and
its relation pointed out to the subject under consideration. The
want of systematic ventilation in ships and the deficiency of chemi-
cal information in respect to the necessity of removing moisture^

to a certain extent, at least, from different articles of merchan-
dise, occasioned an annual loss in this country alone that would
probably, if he was correctly informed, be counted only by millions if

all the circumstances of the case were fully taken into consideration.

It was most important that an effective quarantine establishment
should be maintained, and that hospitals should be so constructed

that all the vitiated air from them should be passed through fire, or so

altered, at least, by heat or chemicals, as to prove as unobjectionable

as air escaping from an ordinary habitation. The introduction of

ventilation that would remove the vitiated air from each patient

laboring under a severe form of any disease rendering nim liable

to quarantine, was peculiarly important in quarantine hospitals. It

would contribute not only to the health of the patient and to that

of the attendants and of the other patients in the same ward, but
would tend very much to relieve those without from all apprehension
as to the escape of any dangerous atmosphere from the precincts of

the hospital. But it was still more important to the public, to the
merchant, and to the sailor, that a right system should be adopted
in the shipping of all goods prone to convey disease from an infected

port, or develope it during a voyage. He contended that this object

would be greatly promoted by simply drying, to a certain extent^

before shipping them, special classes of exports, and by the intro-

duction in all ships of a ventilating tube from stem to stern, such as

had been explained.

Another important measure that should be adopted at all great
mercantile ports consisted in providing a portable ventilating appa-
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ratus that could be placed on the deck of any ship arriving in a very

bad condition, and capable of destroying all noxious effluvia escaping

from it^ while maintaining as effective a ventilation as circumstances

might permit. It was also strongly urged that a steara-tug should

be ])rovided at siteh ports capable of meeting all extreme cases at once,

of discharging vitiated air with a power that would make the eifect

manifest in a few minutes, and also of applying warm, cold, or a fu-

migated atmosphere to the whole or any part of the ship.

Finally, a special provision should be made on the quarantine

grounds for the reception and purification of all suspected goods which

it might be necessary to land or to destroy. Many were the cases of

disease on shore that had been traced to materials or goods thrown

overboard. By the action of a heating, fumigating, and ventilating

apparatus consuming noxious products, much valuable merchandise

mi«-ht soon be restored, and worthless materials consumed without

danger.
By these varied arrangements the sick could be at once conveyed on

shore to a proper quarantine establishment in a ventilated tug, mer-

chandise purified on board ship or on shore, and the public good

secured with the least possible tax on the mercantile interest. It

was more peculiarly the province and duty of the merchants them-

selves to have their goods so shipped and their vessels so ventilated

as to reduce to a minimum the chances of loss by detention at quar-

antine, to say nothing of the claims of humanity ; and the public could

not look on with apathy, either at the loss of life arising from pre-

ventible disease on board ship, or the necessity of incurring extreme

expense beyond what was necessary for the most effective quarantine

establishment.

In concluding these remarks. Dr. Reid took occasion to notice the

general condition of the life of the sailor at sea, the hardships to which

he was so often subjected, the magnitude of the interests involved in

the right construction, management, and efficiency of ships, and of

the practicability of immense improvement in this department, more

especially in the mercantile marine of all nations. The diminution of

shipwrecks, and the prevention of loss were not the only objects requi-

site. The service should be put on a better footing ;
the public should

support nautical schools and schools of naval architecture, on the

same principle that they recognized the importance of supporting or

contributing to the support of other departments of education. It was

hard to tell what an extended navy and increased commercial relations

might yet accomplish between man and man. And were they to lose

sight of the mariner in carrying out such national objects, even if

it were possible to attain otherwise the desired result, was he to be

neglected, whether he might be the rough sailor before the mast or

the accomplished officer, skilled in all that science could apply either

in the management of his own ship, or in extending the boundaries

of human knowledge? Where had there been recorded, at sea or on

shore, any memoir of a man of a more refined sensibility, of more

daring intrepidity, or of more heroic devotion, than that which char-

acterized Dr. Kane ; the intelligence of whose untimely death had just

arrived, and whose name would ever be cherished with admiration,

regret, and esteem, on both sides of the Atlantic.
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The clglitli and concluding lecture of this course embraced an out-

line of a series of experiments on acoustics, and a description of the

construction for acoustic purposes of different public buildings which

had been designed by the lecturer or altered under his direction.

After a short exposition of the leading principles of acoustics, it was

contended, tliough there might be no end to the peculiarity of devel-

opments arising from the use of new materials, new designs, and new

decorations, that these principles were sufficiently well known tp guide

construction, particularly if accompanied with adequate provisions for

the escape of sound, after it had effected the object desired—a point

that had not, so far as he was aware, met with adequate attention till

some of the experiments had been made which he had described.

Without this escape, or an equivalent absorption of sound, which was

not compatible with many structures and decorations, sound continued

too often to reverberate and interrupt the distinctness of succeeding

sounds. He then described rooms in various parts of Europe, where

the sound was audible from five to twelve seconds after the cause pro-

ducing it had ceased to act ; and added that in such places, supposing

only three syllables to be pronounced in a second, from fifteen to

thirty-six successive syllables were constantly ringing in the ear and

modifying or destroying the enunciation of every succeeding word.

In general, sound was most beautifully distinct and clear ma wood

or on the surface of the ocean, no returning echo or reverberations in-

terfering with the sweetness or purity of each succeeding note. If a

room were built of properly absorbing materials, or lined with those

that did not reflect sound, any form could be given to it that the archi-

tect required. It would not be powerful in sustaining sound, but,

with adequate power, there would be no jarring reflections. If par-

allel reflecting surfaces were largely introduced and great altitude

given, dissonant sounds would equally destroy or mar both speech

and music. Good effects were attained when the highest power of

reflection was given near the ear of the hearer and the voice of the

speaker, the sound that had done its duty being then absorbed or dis-

charged. The object was attained in a still higher degree when the

reflection permitted was induced by materials that had the power of

vibrating independently of the general structure. Dr. Eeid then de-

scribed the peculiarities of the acoustics in his class-room, and the

trials made in it by members of government and of Parliament
;
pass-

ing then to the old House of Commons, which he had treated as an

acoustic instrument, using glass and pine wood largely in the interior,

and combining universal ventilation with the means of escape, both

above and below, for the sound that had done its duty. The tem-

porary House of Peers he had treated in a, somewhat similar manner^

but there essentially he had introduced largely a resilient surface of

sheet iron on both sides of the house, immediately opposite the most

important benches, where the tone of speaking and hearing required

the .highest attention. In the new House of Commons a different

series of arrangements had been introduced in opposition to his views^
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but tlie House had no sooner met and tried it for a few days than they
declared it was not fit for the transaction of business with the lacility

they had been accustomed to in the previous house during the preced-
ing fifteen years ; and accordingly the ceiling was lowered in the
centre, and on every side, the lateral portions of this new ceiling cut-
ting the windows into two parts, the lower portions solely remaining
available to the House. Dr. Reid then entered on a number ot other
points connected with churches and schools which he had been called
upon to alter, sometimes increasing the power of sound by lowering
the ceiling and other arrangements, and on other occasions diminish-
ing excessive sound by providing means for its esca])e or absorption.
He then adverted specially to the lecture room of the Smithsonian
Institution, and complimented Prof. Henry on the arrangements
adopted, saying that it was one of the very few lecture rooms where
the voice could be enunciated and heard without effort on the part of
the speaker and hearer.

Dr. Reid then adverted to the great progress of acoustics in later

years, though it had not yet received the same proportionate attention
as optics, and gave a number of illustrations of the effects of the voices

of different public speakers, from Wellington and Peel to O'Connell
and IShiel

;
pointing out also the leading peculiarities in the voices of

Jenny Lind, Rubini, Catalani, and in the violin of Paganini, which
he described as wielding the power of an Orpheus in modern days,
and as having exceeded in his opinion rather than fallen short of the
almost fabulous terms in which it was often mentioned.
A brief review of the whole question of architecture was then taken,

and the necessity shown for combining utility and economy, as well
as true beauty^ and harmony of structure. The great questions of
acoustics, lighting_, warming, and ventilating might be mutually in-

terwined or accommodated to each other, and ])erfected with the
design and decorations as much as was necessary, before any building
was commenced. The principal desiderata necessary for the future
progress of architecture were next adverted to ; the importance of

establishing colleges or special curricula in existing schools for civil

and naval architecture, and the immense amount of valuable infor-

mation and experience at present lost from the want of such establish-

ments were i)ointed out; universal education in the elements of science

was urged as equally important to health, arts, and manufactures, and
the extended organization of architectural, agricultural, polylechnic,

and industrial institutions.

Dr. Reid then referred to a paper that he had recently published on
a college of architecture in the American Journal of Education, edited

by the Hon. Henry Barnard, and thanked his audience for the interest

they liad taken in his exposition of the views he had advocated. He
concluded his lectures with the following outline of the course of study
recommended lor students of architecture :
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CURRICULUM, OR COURSE OF STUDY RECOMMENDED FOR STUDENTS OF ARCHI-

TECTURE, BY DR. D. B. REID.

I. General Studies, referrino; to the materials of which the globe is

composed, their power ami capabilities, and their relations to the

human frame.

1. Chemistry—history of the elements of which the globe is com-

posed, and of their combinations.

2. Mechanical philosophy, including the mutual relations of solids,

liquids and gases.

3. Heat, light, electricity, and magnetism.

4. Mineralogy and geology.

5. Meteorology.

6. The general structure and physiology of the frame of man—prin-

ciples of hygiene.

II. Special Studies.

1. The materials used in building, natural and artificial—their

strength and capabilities.

2. The principles and practice of design and construction—the dif-

ferent orders and styles of architecture.

3. Outline of the history of architecture as a fine and as a useful

art—the monuments of antiquity—the peculiar works of modern
times.

4. Public buildings, including schools, churches, law-courts^^ prisons,

hospitals, theatres, and gymnasia for exercise and recreation.

5. Habitations for the people—extreme importance of the tenement

question, and of the right construction of the habitations of the

poorer classes in all large cities ; its relation to the wants, habits,

and morals of the inhabitants.

6. Special buildings for trades, workshops, and manufactories.

7. The construction requisite for acoustics, warming, cooling, light-

ing, ventilating, fire-proofing, draining and sewerage, the collec-

tion and removal of refuse, and the importance of due provision

being adjusted for all these purposes before the execution of any
building is commenced.

8. The selection of sites for buildings, superficial drainage, the

peculiarities required in different classes of foundations.

9. The special architecture required in destroying noxious fumes

and exhalations from drains, manufactories, and other houses,

and for facilitating the cleansing of large cities and villages, and

the general preservation of the public health ; the objects and
conduct of quarantine on shore.

10. The principles and practice* of decorations—the influence of

colors.

11. Plans, drawings, and specifications; architectural books re-

quired in conducting business accounts.

12. Preparing estimates and measuring executed work.
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III. It is presumed tliat the student will carry on a systematic series

of exercises in drawing perspective as well as plan drawing, in-

cluding isometrical perspective, that he will equally pursue his

mathematical studies in relation to every department of the pro-

fession which he may have to cultivate, and engage. as soon as hig

time permits, or so adjust his studies as to enable hiai to become

an apprentice to an architect, where he can see daily the realities

of his profession. On the whole, however, nothing should be

undertaken, if practicable, that will interfere with the right

prosecution' of his studies.

IV. Lastly, a workshop and laboratory should be provided, in which

the student shall have the opportunity of becoming practically

acquainted with experimental chemistry, carpentry, and mechanics

generally, and be enabled to test materials, and make or direct the

construction of models that will facilitate all his labors.
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SYLLABUS OF A COURSE OF LECTURES ON PHYSICS,

BY PROFESSOR JOSEPH HENRY, SECRETARY OF THE SMITHSONIAN INSTITUTION.

PART FIRST.

INTRODUCTION.

(1.). Science, properly so called, is the knowledge of the laws of

phenomena, whether they relate to mind or matter.

By mind we understand that which thinks, icills and is capable of

moral emotions—by matter- that which ajfecfs our senses—by the term

phenomena a collection of associated facts ; and by laio the relation

which pervades a class of facts, or a general fact in reference to the

order of succession or the method of production of the phenomena,

(2.) So far as these laws have been discovered and developed, they

constitute the science of the present day.

The study of the laws of the phenomena necessarily includes that

of the phenomena themselves.

The mere description and classification of facts belong to Natural

History.

—

[Novum Organum.]
The test of a knowledge of true science is the ability to predict what

will happen when the circumstances are known.

(3.) General science is separated into two divisions corresponding

to the two great objects of thought, material and immaterial.

The first is usually called physical science, and the second meta-

physical. The use of these terms is, however, conventional. The
phenomena of mind, as well as of matter, belong to nature, which
includes all existence,

(4.) Physical science or natural philosophy, in the widest use of the

term, comprehends the laws of all the phenomena of external nature,

but in the progress of knowledge it has been found necessary to divide

it into various parts.

It is first separated into the study of the laws of Organic and Inor-

ganic matter.

The first comprehends Zoology and Botany, or the phenomena of

animal and vegetable life.

The phenomena of inorganic matter are also considered under two
divisions. Celestial and Terrestrial. The first, w^iich also includes

some of the phenomena belonging to the earth, is called astronomy.

The phenomena of terrestrial inorganic bodies are fartlier divided

into three parts,

1, Geology, including mineralogy, which treats of the laws of the

arrangement and constitution of the masses which form the earth.
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2. Chemistry, wliicli relates to ^;^\epecul^ar phenomena of individual

bodies ; to the laws of their combinations ; decompositions &c.
3. Natural Philosophy, or Physics, the branch of science witb

which we are to be occupied in this course of lectures, teaches the
laws of the general phenomena of bodies and of the agents which pro-

duce the changes in inorganic matter; such as the unknown cause of
attraction, light, heat, electricity, &c.

These divisions of the study of the laws of inorganic matter are con-
ventional rather than real.

(5.) Science assumes as its basis that the laws of nature are constant.

The same principle is often expressed in other terms; as, 1. The
uniformity of causation. 2. Like causes produce like effects. 3. In
similar circumstances similar consequences will ensue.

This principle is the foundation of all scientific reasoning, and is

collected from all experience by an original propensity or law of the
human mind.

—

[Young.']

(6.) Most of the phenomena of nature are presented to us as the
complex results of the operation of a number of laws.

We are said to explain or give the cause of a simple fact when we
refer it to the law of the phenomena to which it belongs, or to a
more general fact ; and a compound one when we analyse it and refer

its several parts to their respective laws.

(7.) The indefinite use of the term cause, has led to much confusion

and error. We distinguish two kinds of causes, intelligent and phy-
sical.

By an intelligent cause is meant the volition of an intelligent and
efficient being producing a definite result. By a physical cause, scien-

tifically speaking, nothing more is understood than the law to which,

a phenomenon can be referred.

Thus we give the physical cause of the fall of a stone or the eleva-

tion of the tides when we refer these phenomena to the law of gravita-

tion. And the intelligent cause when we refer this law to the volition

of the Deity.

In 'cases where the law has not been discovered, one fact is said to

be the cause of another, when the latter, in some unknown way,
depends on the former. Before the law of universal gravitation was
discovered, the moon was said to be the cause of the tides, but we
now say, in reference to this explanation, that the true cause was
then unknown.
The intelligent cause is sometimes called the moral cause, and also

the efficient cause.

It is to be regretted that the use of the term cause has not been
restricted to the efficiency of an intelligent being, to which it alone
properly belongs, and from which the idea is derived.

(8.) In the investigation of the order of nature, two general methods
have been proposed ; the a priori and the inductive method.
The a priori method consists in reasoning downwards from the

original cognitions, which, according to the a priori philosophy, exist

in the mind relative to the nature of things, to the laws and phe-
nomena of the material -universe.
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The inductive method, which is the inverse of the other, is founded
on the principle that all our knowledge of nature must he derived
from experience. It therefore commences with the study of phe-
nomena, and ascends from these hy what is called the inductive pro-
cess, to a knowledge of the laws of nature. It is by this method that
the great system of modern physical science has been established. It

was used in a limited degree by the ancients, and especially by Aris-
totle, hut its importance was never placed in a conspicuous light until
the publication of the Novum Organum of Bacon.

(9.) In the application of the inductive method to the discovery of
the laws of nature, four processes are usually employed,

1. Observation^ which consists in the accumulation of facts ; by
watching the operations of nature as they spontaneously present them-
selves to our view.

This is a slow process, but it is almost the only one, which can be
employed in some branches of science. For example, in astronomy.

2. Experiment, which is another method of observation, in which
we bring about, as it were, a new process of nature by placing matter
in some unusual condition.

This is a much more expeditious process than that of simple obser-

vation, and has been aptly styled the method of cross-questioning or
interrogating nature.

The terra experience is often used to denote either observation or
experiment, or both.

3. The inductive process, or that by which a general law is inferred

from particular facts. This consists generally in making a number
of suppositions or guesses as to the nature of the law to be discovered,

and adopting the one which agrees with the facts. The law thus
adopted is usually further verified by making deductions from it and
testing these by experiment ; if the result is not what was anticipated,

the expression of the law is modified, perhaps many times in succes-

sion, until all the inferences from it are found in accordance with the
facts of experience.

4. Deduction, which is the inverse of induction, consists in reason-

ing downwards from a law wliich has been established by induction,

to a system of new facts. In this process the strict logic of mathe-
matics is employed, the laws furnished by induction standing in the
place of axioms. Thus all the facts relative to the movements of the

heavenly bodies, have been derived by mathematical reasoning from
the laws of motion and universal gravitation.

Induction and deduction are sometimes called analysis and syn-

thesis.

(10.) When one system of facts is similar to another, and when
therefore we infer that the law of the one is similar to the law of the

other we are said to reason from analogy.

This kind of reasoning is of constant use in the process of induction,

and is founded on our conviction of the uniformity of the laws of

nature.

In the process of the discovery of a law, the supposition which we
make as to its nature, must be founded on a physical analogy, between
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the facts under investigation and some other facts of which the law is

known. One successful induction is the key to another.

We must be careful not to he misled by a mere rhetorical analogy.

(11.) A supposition or guess thus made from analogy, as to the

nature of the law of a class of facts, is usually called an hypothesis

^

and sometimes the antecedent prohahility

.

(12.) When an hypothesis of this kind has been extended and veri-

fied, or in other words, when it has become an exact expression of the

law of a class of facts, it is then called a theory.

(13.) Physical theories are of two kinds ; which are sometimes
called pure and hypothetical. The one being simply the expression

of a law of facts resting on experiment and observation. Such as the

theory of universal gravitation—the theory of sounds &c.
The other consists of an hypothesis combined with facts of expe-

rience. Of this kind is the theory of electricity which attributes a

large class of phenomena to the operations of an hypothetical fluid

endowed with properties, so imagined as to render the theory an
expression of the law of the facts.

On account of the abuse of theory and hypothesis, discredit has

been thrown even on the terms. They are, however^ of essential im-
portance to the advance and application of science ; since few physical

investigation can be made without the adoption of .some provisional

hypothesis ; and a good hypothetical theory such as that of electricity

is generally the only convenient expression of the law of a large class

of phenomena.
Strictly speaking, no theory in the present state of science, can be

considered as an actual expression of the truth. It may, indeed, be

an exact expression of the law of a limited class of facts, but in the

advance of science, it is liable to be merged in a higher generalization

or the expression of a wider law.

(14.) Although in accordance with the principles of the inductive

philosophy, it is acknowledged that there is no other method of estab-

lishing the laws of nature, than by induction founded on experience
;

yet many writers who profess to adojit this method, inconsistently

attempt to deduce some of the most important of these laws from
a priori considerations.

For example, in works on mechanics we find frequent attempts to

prove the laws of motion by an a])plication of the principle of Leibnitz,

called the sulJicieiit reason, which is expressed by saying, nothing
exists in any state unless there is some reason for its being in that state

rather than in any other. This principle is evidently true in itself,

but its application to the proof of a law of nature presupposes in us a

knowledge of all the reasons for the particular existence of things.

(15.) Another principal of Leibnitz often referred to by writers on
natural philosophy, is that called the law of continuity. His motto in

reference to this \\sis,natura non operatur per saltum—all the changes
in nature are produced by insensible gradations. This principle, it is

true, expresses a fact of frequent occurrence, yet since it does not rest

on a sufficient induction, we cannot consider it as a law of nature.
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(16.) It sliould be recollected that laws of nature are contingent

truths, or such as might be different from what they are for anything

we know—that they can only be established by induction from facts

of experience—that they admit of no other proof than the a posteriori

one of the exact agreement of all the deductions from them witli the

actual phenomena of nature, and that no other reason can be assigned

for their existence than the will of the Creator.

(17.) It should also not be forgotten that the great test of tlie per-

fection of any branch of science, and of the truth of its laws, is the power

it gives us of predicting events when the circumstances are known.

(18.) Importance of mathematics in the study of physical science,

principally used in the process of deduction.

It is the great instrument of all exact enquiry relative to time,

space, order, number, &c. And as the material universe exists

in space, and consists of measureable parts, and its operations are

produced in time and by degrees, the abstract truths of mathematics

are applicable by analogy to the development of those of external

nature.

(19.) Importance of experimental illustrations in teaching physical

science.

They serve to give a clear idea of the phenomena, and make an in-

delible impression on the mind.

(20.) The ultimate tendency of the study of the physical sciences

is the improvement of the intellectual, moral, and physical condition

of our species. It habituates the mind to the contemplation and dis-

covery of truth. It unfolds the magnificence, the order, and the

beauty of the material universe, and affords most striking proofs of

the beneficence, the wisdom and power of the Creator. It enables

man to control the operations of nature, and to subject them to his

use.

(21.) We propose to treat of the general subject of natural phi-

losophy in order as follows :

1. Somatology.

2. Mechanics, (Rational and Physical,) including Statics and Dy-
namics.

3. Hydrostatics and Hydrodynamics.

4. Pneumatics, including Aerostatics and Aerodynamics.

5. Heat, including the Steam Engine.

6. Sound, including the doctrine of vibrations.

7. Electricity and Magnetism, including Galvanism, Electro-Mag-

netism, &c.

8. Light and Radiant Heat.

9. Meteorology.

Difficulty of giving a clear idea to these different branches ; to un-

derstand any one of them requires some knowledge of all the others.
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SOMATOLOGY.

(1.) Somatology {acDixa and .^.o^'oc) treats of the general properties of

bodies.

A body, a limited portion of matter.

(2.) The general properties of bodies are certain simple phenomena
for the most part immediately obvious to our senses, and some of which
are essential to our perception of the existence of matter.

In the present state of science we suppose that there are different

kinds of matter, endowed with different qualities or properties ; that

these enter into various combinations, while the quantity of each in

the universe remains the same. It is possible, however, that there

may be but one kind of matter and that the different properties are the

result of the different groupings of its parts.

(3.) The following is a list of the general properties of bodies as

recognized at the present time.

1. Extension. / ^.^ . ^- c ll
o T

f 1 Tt \
-l^ecessary to our perception ot matter.

3. Figure.

4. Divisibility.

5. Porosity.

6. Compressibility.

T. Dilatability.

8. Mobility.

9. Inertia.

10. Attraction, and
11. Repulsion.

12. Polarity.

13. Elasticity.

Of these, impenetrability, mobility, inertia, attraction, and repul-

sion, are general facts to which many particular facts may be referred.

(4.) The general properties of matter are frequently divided into

two classes, essential and contingent properties ; but these are meta-
physical rather than pbysical divisions, and different authors are not
agreed as to what are the essential properties.

It appears evident, however, that extension and impenetrability are

necessary to our perception of matter, or, in other words, without
them our senses would not be affected by matter.

(5.) All the sreneral properties of matter are not to be considered as

ultimate facts of which no explanation can be given ; most of them,
as will be shown, can be accounted for by adopting the molecular
hypothesis of the constitution of matter.

Besides general properties, different bodies possess peculiar proper-
ties which distinguish them from each other ; but the consideration
of these belongs to chemistry.

Matter is found in three states or consistencies—solid, liquid, and
aeriform or gaseous, and to these may reasonably be added a fourth

—

the etherial.

^
Ultimate properties according to the

molecular hypothesis.
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Terrestrial bodies are divided into tliree kingdoms—Animal, Vege-

table, and Mineral. Also into Organic and Inorganic.

EXTENSION.

(6.) Matter exists in space ; bodies occupy definite portions of space

and are therefore extended.

Extension of matter in tliree dimensions.

The quantity of space occupied by a body is called its volume.

(7.) The exact dimensions of bodies are often required in scientific

investigations, and to obtain these, various instruments and methods

are employed.
The vernier (named from the inventor.) Improperly called nonius.

In this, small divisions are measured by the difference of larger ones,

on two scales. The long graduated rod is called the scale, the short

slider the vernier. See model.

As an example let each division on the scale be yV of ^^^ inch, and

let 11 of these be equal to ""O of those, of the vernier
;
then it follows

that each division of the latter will be \]j of an inch, and the difference

of the two will be yio- of an inch. Now if any two divisions on each

scale coincide with each other, the next pair above will differ -^'^q of

an inch, the pair two degrees above -^1-^, three degrees yf y-; *^^-

(8.) Comparator. For comparing lengths of bars.

Micrometer, consisting of a fine screw with a large circular head

divided into parts—applied to different instruments.

1. To dividing machine. Examples of use—500 divisions in the

length of an inch, on a slip of glass.

2. To spherometer—tripod with micrometer screw in the middle to

determine thickness and sphericity.

Gage plate—for ascertaining the thickness of wire and of plates.

Proportional callipers and compasses.

Saxton's moving mirror, for measuring minute changes in length.

(9.) Method of determining interior diameter of fine tubes, by
weighing the mercury which it will contain.

Use of a vessel with a bulb and fine hollow stem, as in the ther-

mometer.
Method of graduating irregular vessels into divisions of equal capa-

city by equal weights of mercury.

IMPENETRABILITY.

(10.) The property in consequence of which no two bodies can occupy

the same space at the same time.

Sometimes regarded as an axiom, but rests on invariable experience.

It was not recognized before the time of Archimedes, who made it

the ground of his theory of Hydrostatics.

Space without impenetrability is called void space or a vacuum.

Absolute impenetrability not considered by some as an essential

property of matter. See Theory of Boscovich.

Illustrations—impenetrability of air ;
water ;

solids.

13 s
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FIGURE.

(11.) Bodies being limited portions of matter must possess figure or

form.

Figure and extension are sometimes called the mathematical affec-

\tions of matter.

(12.) Many bodies possess forms peculiar to themselves.

Forms of animals and plants, are distinctive marks which serve to

identify the species.

All inorganic matter is capable of assuming regular geometrical

forms called crystals. See constitution of bodies.

Amorphous mass.

Liquids and gases have no peculiar form but assume that of the

vessel in which they are contained.

DIVISIBILITY.

(13.) Every body is capable of being separated into parts, and these

again into other parts and so on, until the portions become so minute
as to escape our senses.

Much discussion relative to the infinite divisibility of matter. The
demonstrations given in the older books refer to the infinite divisibility

of space, and prove nothing as to the actual divisibility of matter.

(14.) It is convenient to adopt the hypothesis that matter is divisi-

ble only to the degree of what is called the ultimate atoms. These are

supposed to be indestructible, and endowed with permanent properties.

According to this hypothesis a number of atoms form a molecule—

a

number of molecules a compound molecule, and a number of the latter

a particle.

Atomic Theory of chemical combination.

Explanation of definite composition of bodies on this theory.

Atomic volumes of different groups ot different bodies.

(15.) Actual divisibility of matter carried to a great extent.

Examples of division of metals, &c.

Gold and silver leaf.

Gilding on embroidering thread—a single grain ot gold on thread

of this kind has been divided into 3,600,000 parts, perceptible through

a microscope magnifying 500 times ; and each part exhibiting the

properties of the metal.

Wollaston's method of making exceedingly fine wire—finest Yol'h-a

of an inch in diameter. Hollow glass thread of extreme fineness.

(16.) Divisibility of matter in solution.

One grain of blue carmine tinges 10 lbs. of water, which is calcu-

lated to give 60 millions of blue particles—the carmine itself is a com-

pound substance.

Metallic solutions and chemical tests.

(17.) Illustrations from organized bodies.

The thread by which the spider suspends himself is composed of

6,000 single threads.

Diameter of the globules of the blood, which give the red color,

4000th part of an inch.
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Ehrenberg has found whole rocks composed of the shells of animals

so minute that one cubic line contains about 23 millions of them.

These animals must have had limbs and other parts.

(18.) Divisibility of odorous matter.

Our olfactory nerves frequently detect the presence of matter in the

atmosphere, of which no chemical test could afford an indication,

A single grain of musk will scent a large room for years.

The dog hunts by the scent of odors imperceptible to man.
A single drop of lavender made to fill a large room.

POROSITY AND COMPRESSIBILI'lY.

(19.) All bodies can be indefinitely compressed, or reduced in

volume ; consequently, in their ordinary state, they do not form a

plenum of mutter

.

The intervals between the parts are called pores.

If we adopt the hypothesis of the atomic constitution of matter, we
must admit the existence of different orders of pores.

Pores between the atoms—between the molecules—between the-

particles, and between the grosser parts.

Illustrations— shrinking by cold—mixture of liquids—water in,.

Sponge.
. I n '

Improper idea often given of porosity..
^

(20.) Jieal and apparent volume of bodiGs.

Method of determining the ratio of these.

The sum of all the atoms of a body constitutes its mass^.

Density is the quantity of matter in a given bulk or volume..

In homogeneous bodies mass proportion tothe bulk.

In heterogeneous bodies, to bulk and density.

(21.) Absolute quantity of matter in a given body may be exceed-

-

ingly small.

Illustration—vessel filled with alcohol, great quantity ot cotton

introduced—sponge dipped in vessel nearly filled with water.

Relative bulk of steam and water
;
great porosity of the former.

(22.) Porosity of organized bodies.

Mercury forced through a cylinder of oak—pine sinks in water when

saturated by pressure—experiments of Scoresby. Skin perforated with,

a thousand holes in the length of an inch, through which the insen^

sibb perspiration passes ; water through a bladder. Remarks on

India rubber cloth—improper for clothing.

(23.) Porosity of minerals.

Mercury through lead ;
condensation of alloys ;

water through

gold ; water through cast iron
;
gold leaf translucent. Porosity of

chalk—of marble—of hydrophane.

Method of coloring agate.

Eflects of water on rocks. Formation of stalagmites and stalactites.

Method of determining whether a stone will stand the eJOfects of

frost by the absorption and crystallization of a salt.
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(24.) Porosity of liquids :

Water and sulphuric acid ; water and alcoliol ; salt and water
;

water and gas.

(25.) Porosity of gases :

Air and vapor ; nitrogen and hydrogen.

Some bodies are without pores of the third order. Examples :

glass, crystals, &c. ; but these can be compressed, and, therefore,

have pores of an inferior order.

(26.) Compressibility of solids, by mechanical means :

Of iron in casting; of brass for delicate machines; of wood, so as to

sink in water; of cork in neck of bottles lowered into the deep sea.

(27.) Of water and other liquids.

Apparatus of Perkins. Of CErsted. See Elasticity.

(28.) Compressibility of air and all gases.

Experiment with air in a tube submitted to great pressure under

water.

DILATABILITY.

(29.) All bodies change their volume with a change of temperature.

Examples : air expanded by heat ; also water ; bar of metal

lengthened ; Saxton's apparatus employed.

Preliminary notions of heat.

General description of the thermometer,

Dilatability by the removal of pressure.

Examples in the case of air ; water ; solids.

(30.) By mechanical exertion.

Examples : When India rubber is stretched, its density is said to

be slightly lessened. Also, when wire is drawn in the direction of its

length, the same effect is produced.

MOBILITY.

"Tol.) The property by which a body is capable of a change of place.

Motion is better illustrated than defined. The following definition,

"however, is sometimes given :

Motion is the rectilinear change of distance between two points.

—

\Dr. Young.

1

^
According to this definition, if there were but one point in the

universe, there could be no measurable motion.

(32.) Rest is permanency in the same place.

It is only apparent ; all bodies are really in motion, expanding and

contractino- with the constant change of temperature—moved by every

sound • in motion with the earth on its axis and in its orbit.

Rest and motion of two kinds, absolute and relative.

Illustrations

:

Direction of motion ; continued and reciprocating ; rectilinear and

circulo.r.

The line described is sometimes called the trajectory.
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(33.) In the consideration of motion tlie ideas of space and time

are necessarily involved.

Time is considered as a quantity consisting of parts which can be

compared or measured.

Imperfectly measured by a succession of ideas.

Circumstances which vary the apparent rapidity of the lapse of time.

(34.) In the exact measurement of time, the following axiom is as-

sumed

—

In the operations of nature the same effects under the same cir-

cumstances are always produced in equal times.

Examples : The fall of a stone from the same height to-day and yes-

terday ; the successive vibrations of a pendulum ;
flowing of equal

quantities of sand ; the revolutions of the earth on its axis.

(35.) Uniform motion is that in which equal spaces are passed over

in equal times.
• •

i

Motion of the earth on its axis perfectly uniform. From this is de-

rived the principal unit of time—the day ;
the subdivisions of which

give the lesser divisions.

By the whirling mirror less than the to irV o u^li part of a second can

be measured, and yet great physical changes are produced in this in-

terval.

(36.) The velocity or rate of motion of a moving body, is the ratio

of the space described to the time of describing it. Illustrations.

Velocity, time, and space, are heterogepeous quantities, and are

therefore compared numerically.

Unity of time and of space—hour, mile—second, foot.

The 'relations of uniform motion are expressed by the following

equations
;

S=YT; T=|; V= |. (1.)

(37.) Variable motion is that in which equal spaces are not described

in equal times.

The velocity may be constantly increasing or constantly decreasing.

Two cases of each kind : 1. Variation equal in equal times
; 2. Vari-

ation unequal in equal times.

INERTIA.

(38.) That property of matter by which it tends to retain its state,

whether of rest or motion. [La Place.]

(39.) It has been established by a wide induction that a body at rest

cannot of itself begin to move and that a body in motion cannot change

its velocity nor its direction of motion luithout the action of some extra-

neous cause.

This is called the law of Inertia. (See Mechanics.)

It may be otherwise stated as follows :

• A body at rest tends to remain continually at rest ; a body in free

motion tends to move continually (1) with a uniform velocity, and

(2) in a straight line.
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(40.) That which tends to produce change, or prevent motion, is

called a force,

Or wliatever causes a body to exist under a given condition, or

whatever changes any of its relations, is called Si force.

The muscular exertion of animals, the unbending of a bow, the

impulse of a moving body, are instances of active force. The resist-

ance of a rope which suspends a body, of a table which supports a

weight, are examples offerees which tend to prevent motion.

Our idea of force is derived from the muscular effort required to

produce the motion of a mass of matter.

The original meaning of the word was muscle or tendon. [Whe-
well.] It becomes metaphorical when applied in any other case, and
we must not, therefore, imagine that force is always connected with
labor or difficulty.

Force which is capable of doing work_, that is of transforming mat-
ter is called power or energy. [See mechanics.]

(41.) In all cases of the change of the state of a body in reference

to rest or motion, we can attribute this change to an extraneous force.

The spontaneous motions of animals arc ascribed to vitality.

The fall of a stone to the action of the earth.

Two kinds offeree, Impulsive and Incessant; an incessant force may
be either Accelerating or Eetarding. Examples.

(42.) Force is measured by its effects.

We usually call that a double force which produces a double velocity

in the same mass, or

/ : F : : v : y
We also call that a double force which produces the same velocity

in double masses, or

/ : F : : m : M
When the velocities and masses are both unequal, the forces are

measured by the product of the velocities into the masses, or

/ : F' : : mv : MV
The force proportional to the product of the mass into the velocity

is called the quantity of motion or momentum.
An incessant force is measured by the relation

V
FT=V or F=—

.

(2.)

T
(43.) It must be observed that the relations here given are the re-

sults of experience. We know nothing of force but by its effects, and
in some cases we are obliged to adopt the relation

/ : F : :
'ys

: V2

Force is also sometimes measured by pressure.

The laws of force and motion will be fully developed under the head
of Mechanics.

(44.) Illustrations of the foregoing principles.

Tendency of bodies to remain at rest. Wood split by the inertia

of an iron wedge.
Tendency of bodies to continue in motion. The inertia in this re-
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spect of solid, liquid, and aeriform bodies. Continued motion of the

planets.

Causes of cessation of motion. Friction ; resistance ; and communi-
cation of motion to other bodies. Ball on cloth ; also on smooth
board. Wheel on friction rollers.

Matter perfectly free to move. Large mass freely suspended, put in

motion by impulses from small ball of putty; velocity small in pro-

portion.

Effect of a succession of small impulses. Heavy body put in rapid

motion by successive pulls with cambric thread.

Attempt to put a body in a state of rapid motion by a single given
impulse.

Motion of large mass stopped by a succession of small impulses.

Also_, by a single impulse, or by an obstacle.

Term vis-inertice sometimes used in connexion with this phenomenon.
Tendency of matter to move in a straight line, shown by an ex-

periment.
Experimental proof of uniform velocity of unrestrained motion.

Animals sometimes act instinctively in accordance with the prin-

ciple of inertia. Hare when pursued by the hounds. Rams in

butting. Favorite amusement at the court of Persia.

Means of accumulating momentum in a large mass of matter for

purposes in the arts.

ATTRACTION AND REPULSION, OR THE GENERAL PHYSICAL FORCES.

(45.) The tendency in the parts of all matter to approach toward
or to recede from each other.

These tendencies differ from the other general properties of matter,
in the fact of their being forces acting reciprocally between bodies at

a distance from each other, or between the minute parts of the same
body. The existence of these forces, in the present state of science is

an ultimate fact, although attempts have been made to refer them
to the intermediate agent or agents of the phenomena of heat and
electricity.

The intensity of the attracting and repelling forces varies with the
distance of the parts of matter between which they act, and where
the geometrical relation between the distance and the intensity is

known, the whole is called a law of attraction.

In the present state of knowledge we arrange the different pheno-
mena of attraction and repulsion, under the following heads, although
it is not impossible that they may be the result of one principle.

Atraction of

GRAVITATION, 1 which act

ELECTRICITY, \ at sensible

MAGNETISM,
J
distances.

COHESION,

ADHESION,

CAPILLARITY,

CHEMICAL AFFINITY,

which act

> at insensible

distances.
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Illustration. Attraction at a distance—action not interrupted by
solid matter—attraction and repulsion through the human body.
Attraction and repulsion instantaneous.

Variation of intensity with change of distances.

Experiment to show phenomena which appear the result of attrac-
tion, but which are due to pressure, &c.

pieces of wood collected together on water not the result of direct
attraction.

Attraction of Gravitation.

(46.) The reciprocal tendency of all parts of the solar system to
approach each other.

The same action probably extends to other systems.

(47.) Gravitation is an incessant force, and is generally measured
hy the velocity tvhich it imparts to the attracted body in a second of time.

May also be measured by pressure. Illustrations.

Newton's Theory of Universal Gravitation. The most extended
generalization ever established by man. It may be expressed as fol-

lows :

1. The attraction exists hetiveen the atoms of all matter at finite dis-

tances, and is the samefor all kinds of matter, hence:
2. Theforce of attraction is proportional to the mass of the attracting

body; the distance being the same.

3. If the same body attracts several bodies at different distances, the

foi'ces are inversely as the square of the distances.

All deductions from this theory are in strict accordance with the
phenomena of nature. The only proof of the truth of any physical
law.

(48.) In some cases of attraction the whole movingfwce of approach
of two bodies is required, and this is as the product of the masses into
the inverse square of the distance.

The acceleration of the velocity of approach is as the sum of the two
masses, and inversely as the square of the distance.

Illustrations of the laws by diagrams of atoms.

(49.) In reference to the attraction of spheres the following propo-
sitions will be proved. See Mechanics.

1. A particle of matter placed without a solid homogeneous sphere
is attracted as if all the matter of the si^here were in its centre.

2. The attraction is the same in reference to a particle without a
hoUoiv sphere.

3. A particle placed within a homogeneous hollow sphere is in

equilibr.^ at any point within the sphere.

4. Particles placed at different distances from the centre within the

surface of a solid homogeneous sphere are attracted towards the cen-

tre with forces proportional to the distances from the centre.

(50.) Attraction of spheroids. Gravitation the most feeble of all

attractions ; almost imperceptible between small masses ; long time
required for two lead balls to come together.

Illustrations of the foregoing principles.
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The attraction between all bodies at sensible distances proved by
the experiment of Cavendish. See Mechanics.

Tlie attraction of all matter the same, shown by an experiment.

Also Newton's experiment to prove the same.

(51.) At all accessible distances above the surface of the earth, the

diminution of the force of attraction is very small. If R represents

the radius of tlie earth, x the distance^ F the force at the surface, and
D the diminution, then approximately

D=:-?^ (3.)

Small as this diminution is it may be detected by the vibrations of

a pendulum on a high mountain and at the level of the sea.

In some investigations, as that of the fall of bodies near the earth,

&c., the diminution is neglected, and the force is considered as inva-

riable : in these cases, gravitation takes the name o1 gravity.

(52.) The earth is nearly a sphere, and all bodies fall in straight

ines, directed nearly to its centre.

The convergency, however, in a short distance is very small. In a
geographical mile it is but one minute of a degree.

The direction of gravity is readily shown by the plumb line.

The loeight of a body is the aggregate action of gravity on each of

its atoms, or

W=N(7. (4.)

Consequently the weight of bodies is as the quantities of matter, and
also as the force of gravity.

(53.) The absolute weight of a body is estimated in reference to

some arbitrary standard, which differs in different countries. In
England the grain is the foundation of the system of weights.

Pound avoirdupois (16 oz.) 7000 grains.

Ounce do. 43 Y| "
Pound Troy (12 oz.) 5760 "
Ounce do. 480 "

In order to perpetuate the standard it is referred to the weight of
a given hulk of pure water at a given temperature. Thus the En-
glish grain is of such a weight that a cubic inch of distilled water at
62° F. in vacuo, is equal to 252.72 of such grains. A cubic foot

therefore weighs 62.3862 lbs. avoirdupois.

In the State of New York, by a provisional act of the legislature,

the ounce is the standard ; and this is of such a weight that 1,000 of

them are equal to the weight of a cubic foot of distilled water at its

maximum density (40° F.) and in vacuo.

(54.) The ratio of the weight of one body to that of another of equal
bulk taken as a standard is called the sj^ecijic gravity.

Pure water at a given temperature is the standard for solids and
liquids

;
air under a given pressure and temperature for gases and

vapours.

Simple method shown of determining the specific gravity of bodies

—

other methods will be given under the head of hydrostatics.
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Table of specific gravities exhibited. Hydrogen the lightest sub-
stance, and Iridium the heaviest—the first is .069 the weight of air,

and the latter 23 times that of water. In equal bulks the weight of
the latter is more than a quarter of a million of times that of the
former. [Dr. Hare.]

(55.) It is a remarkable fact that the inertice of equal bulks of dif-

ferent substances are in the same ratio as their weights. Hence the
masses, the quantities of matter, and the densities of different sub-
stances of the same bulk are said to be proportional to their relative
weights

; or, in other words, to their specific gravities.

(56.) The absolute weight in ounces of solids and liquids may be
obtained by the following relation, in which B is the bulk in cubic feet,

and S the specific gravity.

W=1000SxB. (5.)

The weight of air shown. 770 times lighter than water at the
freezing point with bar. at 30 inches. Difference between the weight
of air and the pressure of the atmosphere.

Electrical and magnetic attraction and repulsion.

(57.) These are exhibited under certain conditions in all kinds of
matter. They will be fully discussed under their appropriate heads.
Magnetic attraction may however be here employed to illustrate the
general principles of polarity.

The attraction and repulsion of a magnet shown to exist at its two
ends called poles; hence the term polarity—origin of the name

—

neutral point at the middle between the two poles—the magnet
broken, each part shown to be a perfect magnet with attracting and
repelling poles—again each part divided into two pieces, and again
the exhibition of new poles, and so on, until we infer that the polarity
exists in every part of the mass, or in other words that attraction and
repulsion belong to the opposite extremes of every molecule of the
metal.

(58.) In order to explain the phenomena of chemical saturation,
crystalization, the difference of the liquid and solid states of bodies,

as well as other phenomena we are obliged to admit a kind of polarity

as a general property of the molecules of all bodies.

Attraction of cohesion and adhesion, or the molecular forces.

(59.) By cohesion we designate the force by which the parts of the
same body are held together^ and by adhesion that which causes the
parts of dissimilar bodies to unite. These forces are also sometimes
distinguished by the names of homogeneous and heterogeneous at-

traction.

(60.) There is also between the molecules of the same body and the
parts of different bodies a repulsive action and this with the attrac-

tions constitute what are called the molecular forces.

Also sometimes called corpuscular action.
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(61.) Cohesion of solids.—Two leaden balls made to cohere with a

force of 40 lbs. to square inch of surface of contact. Two glass

plates shown to cohere with great force—also two plates of marble.

(G2.) The relative cohesion of bodies is called the tenacity, and this

is determined by the weight required to pull apart a bar of the sub-

stance an inch square.

This weight is sometimes called the limit of cohesion and a know-
ledge of it is of great importance in the arts.

Barlow's table of the cohesion of the principal substances used in

the art of construction.

Cast steel 134,256 lbs.

Swedish malleable iron 72,064
Good American do 60,000

English do 55,872
Cast iron 19,096
Cast copper 19,072
Yellow brass , 17,958

Cast tin 4,736

Castlead 1,824

Teak 12,915 lbs.

Oak - 11,880

Sycamore. 9,630

Beech 12.225

Ash 14, 130

Elm... 9,750

Memel fir 9,540

Christiana deal 12,346

Larch 12,240

Considerable uncertainty in reference to tenacity—much smaller

force required to produce rupture, if time be allowed for the action.

Explanation of this.

(63.) The tenacity and density of surface of metals are increased by
drawing the masses into wire. The cohesion of gold, silver, and
brass more than doubled by this process. \_Bohison.'] The surface in

this case appears to receive a fibrous texture. If the outside be re-

moved by acid the tenacity is materially lessened. Same effect pro-

duced by annealing [heating and gradually cooling] the wire.

(64.) The mixture of some metals is more tenacious than the metals

themselves. Brass is stronger than its components, copper and zinc.

A small addition of zinc to tin almost doubles its strength. In these

cases heterogeneous attraction is stronger than homoi:eneou8.

(65.) The tenacity of many substances is greater in some directions

than in others. Examples, crystals, wood, &c.

The tenacity of bodies is effected by heat ; sometimes increased,

sometimes diminished. Iron at first stronger then weaker.

The effect of a small degree of heat on the cohesion of two leaden

balls shown by experiment. By the application of a greater degree of

heat, the metal may be changed from a solid to a vapor.

(66.) Cohesion of liquids

.

—The relative intensity of cohesive force of

liquids may be measured by suspending a plate, which can be wet by
the liquid, to the arm of a balance, and attaching weights to the

other arm until separation takes place. Dividing the weight thus

found, by the number of square inches in the plate, the quotient will

give the cohesive force for one square inch.

The cohesion of water for water, shown by the force required to sep-

arate a disc of wood, ilupture between water and water. Attraction

of water for wood greater than that of water for water.

In the same manner we can find the relative cohesion of different

liquids. 52 grains to the square inch required for the separation of
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water ; 28 grains for alcohol ; and 31 grains for oil of turpentine.

Liquid in drops. Relative size of drops.

(67.) The foregoing method gives us the relative cohesion, but not
the absolute. It is not the attraction of the whole section of the fluid

which produces the result, but that of the indefinitely thin film around
the exterior perpendicular surface, and within which the mass of fluid

hangs by its cohesion. [Yoiing, La Place, Poisson.'] Explanation of

this : See (89.)

Connexion of the curvature of the surface with this apparent attrac-

tion. See Capillarity.

(68.) The molecular attraction of water for water at 32 degrees, is

probably greater than ice for ice at the same temperature. The ap-

parent feeble attraction of water for water, is due to the perfect mobil-

ity of the particles which permits them to slip upon each other.

Explanation of this: See (89.)

Phenomena of adhesion.

(69.) Adhesion of solids to solids.—The solder adheres to the metals
which it unites. Grold leaf stamped on metals—adheres to glass.

Wax adheres to many solids. Bladder dried on glass_, the surface of

the latter torn by forcibly removing the former.

(70.) Adhesion of liquids and solids.—The force required to separate

glass from mercury, shown by experiment—the cohesion is here

stronger than the adhesion.

Same experiment with a clean surface of copper, the rupture is now
between the molecules of the liquid—adhesion stronger than cohesion.

The same in case of a solid, wet or infilmed with water.

Stream of water made to follow the under side of an inclined glass

tube. Method of pouring a liquid into a vial with small neck.

Explanation of the use of a lip to vessels from which liquids are to

be poured. The edge of the vessel touched with grease.

Mercury poured from glass vessel, also from a tinned one.

(71.) Adhesion of solids increased by the interposition of a liquid.

The adhesion increased by the solidification of the interposed substance.

A thin flake of tallow cooled between two discs.

(72.) Different liquids possess difierent degrees of attraction for the

same solid.

Film of water driven from surface of glass by a drop of alcohol ; the

attraction of the latter for the solid the stronger.

Same effect with oil of turpentine.

(73.) Phenomena of solution ; lead in mercury; sugar in water,

&c.; heterogeneous attraction stronger than the cohesion of the solid.

Different bodies dissolved in the same liquid.

Effect of pulverizing in hastening solution.—Due to the increase of

surface. A cubic inch of matter cut into little cubes, each YiVo" of an
inch on the edge, will exhibit a surface of exactly 100 square feet.

Trituration produces a finer division than even this.

Explanation of the cleansing effect of water.
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Displacement of one body by the solution of another. Rosin dis-

solved in alcohol. Water poured in.

Alcohol dissolves some substances which water does not ; and the

converse.

(74.) Adhesion of liquids to liquids.—Oil spreads on the surface of

water. First drop infilms the whole of a limited surface
;
second

drop collects itself into the form of a lens. The film so thin as to

exhibit the colors of the soap bubble. Explanation of the spreading

of oil on water.

Effect of oil in stilling surface waves. Dr. Franklin's magical cane.

Surface motions—camphor, spirits of turpentine, &c., on water;

motion produced by alcohol, oil, &c., in light bodies.

(75.) Adhesion of gases to solids.—Air to glass shown by pouring^

mercury into glass tube—vapor of water to glass—clean surface of

platinum plunged into a vessel of oxygen and hydrogen ;
same effect

with other metals slightly warmed.
Rapid manufactory of vinegar ; object of dividing the metal.

Adhesion of gases to liquids.—Air absorbed by Avater
; also by melted

metals. Shown by pouring the liquid metal into water.

(76.) Adhesion of gases to gases.—Between the molecules of the

same gas continued repulsion exists ; but the molecules of different

gases probably slightly attract each other. Diffusion of gases the

same as if the one was a vaccuum to the other. [See Prteumatics.]

Molecular repulsion.

(77.) Examples.—Two glasses, one slightly convex the other flat,

placed on each other and pressed by a force of 1,000 pounds to the

square inch are still, at the distance from each other of the thickness

of the top of a soap bubble jufst before it bursts, or at least ^ - o tb of

an inch. Method of finding this. [Bobison.]

Small drops of water rebound from a surface of water. Also alcohol

from a surface of the same liquid gently heated.

Solids expand when the pressure of the air is withdrawn, this

shown by experiment. Liquids, compressed, spring back to the

original bulk when the pressure is removed.

The particles of air repel eacli other, repulsion increases with dimi-

nution of distance.

By a slight agitation of percussion powder it springs into a gaseous

state—the particles separate with immense velocity, and repel each

other with great force.

The dew drop which rests on the surface of a leaf is not in mathe-

matical contact, but sustained by repulsion.

Repulsion of solids when heated. Experiment with an instrument

called the Rocker.

(78.) The molecular attractions and repulsions appear to predomi-

nate at different distances. All bodies attract each other at sensible

distances, but when brought nearly in contact they repel ; still nearer

attract and again repel.

Experiments of Huygens and Robison on this point—two very
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smooth and flat glasses attracted at one distance, repelled at another,

&c. Experiment very delicate ; care required to exclude electrical

and other extraneous actions.

(79.) The molecular forces are confined to exceedingly small ranges

of distances. The alternations above mentioned take place within the

5000th part of an inch. The two plates of glass are brought into the

sphere of cohesion by sliding them together, and when strongly pressed

for sometime become incorporated as one.

Probable explanation of this.

(80.) Coarsely powdered substances which do not cohere, when
finely powdered and submitted to great pressure become solid.

Cannon ball fired into the mouth of a large cannon filled with sand
produces sandstone.

Explanation of this.

(81.) Although the molecular action is confined to insensible dis-

tances, yet the forces are of the same nature as those of gravitation

and magnetism, tending to produce motion in the molecules as the

others do in the masses. Proof of this.

Molecular constitution of matter.

(82.) The phenomena of the transmission of sound, of light and
heat—of dilatability and compressibility—of porosity, &c., all lead
us to adopt the hypothesis that matter under its apparent volume does
not consist of a plenum, but that its molecules are widely separated in
reference to their size by void spaces ; or by spaces occupied only by
the imponderable agents or agent of light, heat, and electricity.

The molecules, however, must be supposed to be so small and so
near that many myriads of them exist in the length of an inch, and
on this account produce on our senses the effect of perfect solidity.

The primary molecules may be supposed to be formed of the union
of others of an inferior order separated in the same way and so on as
far as the actual phenomena may indicate.

Each molecule must be submitted to the action of attraction and re-
pulsion, and these forces predominate at different distances.

(83.) According to the molecular hypothesis, frequently adopted,
the attraction belongs to the molecules of the matter, but the repul-
sion is due to the atmospheres of the imponderable agent of heat, which
is supposed to surround them ; or in otlier words, between the mole-
cules of matter there is attraction, between the atoms of heat, repulsion,
and between heat and matter, attraction.

The electrical hypothesis of the constitution of bodies.

(84.) The different states of bodies depend on the condition of the
molecular forces. In gases the cohesion is nothing and the particles
tend to separate but probably not continually, at a certain distance
gravitation would predominate. In liquids the attraction and repul-
sion are balanced and the molecules have perfect mobility among them-
selves; but in solids besides cohesion there is another force, polarity/

which prevents lateral motion while the molecules are free to oscillate.
''
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Atomic theory of Boscovich.

(85.) This is similar to the foregoing and may be expressed in the
following postulates

:

1st. Matter consists of indefinitely small indivisible and inert
atoms.

2d. These are endowed with attracting and repelling forces, which
vary both in intensity and direction by a change of distance, so that
at one distance two atoms atttract and at another repel.

3d. The law of variation is the same in all atoms, and the action
mutual.

4tli. At all sensible distances the force is attraction, and known by
the name of gravitation.

5th. Within the insensible distance in Avhioh physical contact is

observed, there are several alternations of attraction and repulsion.
6th. The last force which is exerted between two atoms as their

distance diminishes is an insuperable repulsion, no force however great
can press two atoms into mathematical contact.

The property of inertia was not assigned to the atoms of Boscovich,
but it is necessary to explain the phenomena.

(86.) Use of such a theory—an expression of a limited generaliza-
tion including many facts—may be continually improved and modified
as new facts are discovered. Importance of general views of this kind
as aids to discovery.

The theory ex;pressed mathematically—Distances, attraction, and
repulsion represented by the abscissas and ordinates of a curve which
cuts the axis several times—parts above the line attractions—below
repulsions. The primary branch forming an asymptote expresses a
continued increasing repulsion. The final branch gradually assimi-
lates itself to the law of gravitation.

Illustration of the theory.

(87.) Stable and instable points. For small distances the curve
may be considered a straight line ; the force is therefore inversely as
the^ distance—atoms in stable points are inactive—when pushed nearer
they repel—when drawn apart attract.

Formation of a polarized molecule of an assemblage of such atoms

—

construction of a solid.

Diagram and models to illustrate hypothetical constitution of
matter.

Crystalline forms produced by grouping of atoms—development ot

polarity—attempt to explain the liquid and solid states. Shrinking
of ice in melting, &c.
The internal structure of inorganic bodies may be studied, 1st, by

cleavage : 2d by the action of polarized light ; 3d, by vibrations.

Daniell's method of developing thecrystallinestructure ofamorphous
solids. Alum in water . Metals in mercury.
Derangement of the molecules in a rod of glass by bending, shown

by' polarized light. The extreme mobility of the particles of the most
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solid bodies exhibited by the same. Transmission of small impulses
through a very long rod of wood.
Atoms set in motion by the smallest force.

(88.) In connexion with the subject of the constitution of matter,
the following extract from a paper by the author, puldished in the

Proceedings of the Am. Phil. Soc, may be given.
" The passage of a body from a solid to a liquid state is generally

attributed to the neutralization of the attraction of cohesion by the re-

pulsion of the increased quantity of heat ; the liquid being supposed
to retain a small portion of its original attraction, which is shown by
the force necessary to separate a surface of water from water, in the
well known experiment of a plate suspended from a scale beam over a
vessel of the liquid. It is, however, more in accordance with all the

phenomena of cohesion to suppose, instead of the attraction of the
liquid being neutralized by the heat, that the effect of this agent is

merely to neutralize the polarity of the molecules so as to give them
perfect freedom of motion around every imaginable axis. The small
amount of cohesion (52 grains to the square inch) exhibited in the
foregoing experiment, is due, according to the theory of capillarity of

Young and Poisson, to the tension of the exterior film of the surface

of water drawn up by the elevation of the plate. This film gives way
first, and the strain is thrown on an inner film, which, in turn, is rap-
tured ; and so on until the plate is entirely separated ; the whole effect

being similar to that of tearing the water apart atom by atom.

"Reflecting on this subject, the author has thought that a more
correct idea of the magnitude of the molecular attraction might be ob-

tained by studying the tenacity of a more viscid liquid than water.

For this purpose he had recourse to soaj) water, and attempted to

measure the tenacity of this liquid by means of weighing the quantity

of water which adhered to a bubble of this substance just before it

burst, and by determining the thickness of the film from an observa-

tion of the color it exhibited in comparison with Newton's scale of

thin plates. Although experiments of tliis kind could only furnish

apj)roximate results, yet they showed that the molecular attraction of

water for water, instead of being only about 52 grains to the square
inch, is really several hundred pounds, and is probably equal to that

of the attraction of ice for ice. The effect of dissolving the soap in the
water, is not, as might at first appear, to increase the molecular at-

traction, but to diminish the mobility of the molecules, and thus ren-

der the liquid more viscid.

"According to the theory of Young and Poisson, many of the phe-
nomena of liquid cohesion, and all those of capillarity, are due to a

contractile force existing at the free surface of the liquid, and which
tends in all cases to urge the liquid in the direction of the radius of

curvature towards the centre, with a force inversely as this radius.

The fact of the existence of this force is derived from a consideration

of the molecular constitution of matter. The molecules within the

mass of a liquid and at a distance from the surface, can be moved
freely in all directions among each other, because they are acted on
by equal forces on all sides. Not so with the molecules very near the

surface,, these are separated by the preponderance of repulsion, and
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the fluid is rarified both in a vertical and horizontal direction_, and by
the reaction a tension or contractile force is developed in the whole
exterior film.

Explanation of this by a diagram.
"According to this theory the spherical form of a dew-drop is not

the effect of the attraction of each molecule of the water on every
other^ as in the action of gravitation in producing the globular form
of the planets, (since the attraction of cohesion only extends to an ap-
preciable distance, but it is due to the contractile force which tends
constantly to enclose the given quantity of water within the smallest
surface, namely, that of a sphere. The author finds a contractile

force similar to that assumed by this theory in the surface of the soap
bubble; indeed, the bubble may be considered a drop of water with
the internal liquid removed, and its place supplied by air. The
spherical form in the two cases is produced by the operation of the
same cause. , TJie contractile force in the surface of the bubble is

easily shown by blowing a large bubble on the end of a wide tube, say
an inch in diameter ; as soon as the mouth is removed, the bubble will

be seen to diminish rapidly, and at the same time quite a forcible cur-
rent of air will be blown through the tube against the face. This
efiect is not due to the ascent of the heated air from the lungs, with
which the bubble was inflated, for the same effect is produced by in-

flating with cold air, and also when the bubble is held perpendicularly
above the face, so that the current is downwards.
"Many experiments were made to determine the amount of this

force, by blowing a bubble on the larger end of a glass tube in the
form of a letter U, and partially filled with water ; the contractile

force of the bubble^ transmitted through the enclosed air, forced down
the water in the larger leg of the tube, and caused it to rise in the
smaller. The difference of level observed by means of a microscope,
gave the force in grains per square inch, derived from the known
pressure of a given height of water. The thickness of the film of
soap-water which formed the envelope of the bubble, was estimated as

before, by the color exhibited just before bursting. The results of

these experiments agree with those of weighing the bubble, in giving
a great intensity to the molecular attraction of the liquid ; equal at

least to several hundred pounds to the square inch. Several other
methods were employed to measure the tenacity of the film, the gen-
eral results of whicli were the same : the numerical .details o-f these
are reserved, however, until the experiments can be repeated with a

more delicate balance.
" The comparative cohesion of pure water and soap-water was de-

termined by the weight necessary to detach the same plate from each

;

and in all cases the pure water was found to exhibit nearly double the
tenacity of the soap-water. The want of permanency in the bubble
of pure water is therefore not due to feeble attraction, but to the-

perfect mobility of the molecules, which causes the equilibrium, as in
the case of the arch, without friction of parts, to be destroyed by the
slightest extraneous force."

(89.) Illustrations of the foregoing ^^'/^inciples.—Great tenacity of a

14 s
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film of soap-water shown by the load of cotton which it will support.

The molecular attraction of soap- water shown to be less than that

of pure water. Effect of salt in the water.

Explanation of the different consistencies of bodies, from perfect

rigidity to perfect liquidity. Steel at one extremity of the scale and
alcohol or ether at the other.

Difference of the tenacity of sealing wax in the cold and heated state.

Phenomena exhibited in pulling apart rods of metal of different de-

grees of rigidity.

(90.) Explanation of the development of the increase of the contrac-

tile force by curving the suri'ace.

The molecules, on account of the curvature, are placed in a position

more favorable to the action of the attracting force.

The contractile force increases directly as the curvature, and the

resultant is in the direction of the radius of the circle of curvature.

Explanation of this, by means of a diagram.

(91.) Illustrations oj the effect of the contractile force.

Small bubble made to expand a large one.

Apparent elasticity of a bubble.

Phenomenon of the^breaking of a cylindrical bubble.

Water poured through a bubble.

Method of forming concentric bubbles.

Form of a drop of water. Without weight it would be perfectly

spherical. Cause of the incurvature of the neck of a pendent drop.

Explanation of the weight required to flatten a globule of mercury

—why two drops of mercury rush together.

Explanation of the apparent elasticity of a drop of v/ater rebound-

ing from the surface of a solid.

Mercury sustained in a cup of wire gauze. Also water supported

in the same manner.
Effect of wetting the under surface.

Fine needles made to float on the surface of water.

Feet of insects which walk on the water
;
sink when the feet are wet

with alcohol.

In all these cases a curvature of the surfece is produced which de-

velops the contractile force.

Capillary Attraction,

(92.) Under this head is classed a set of phenomena belonging to

molecular action, among which the ascent of liquids in capillary tubes

is the most conspicuous, and hence the name.

When a plate of glass is plunged vertically into a vessel of water

the liquid rises along the surface and covers it to an indefinite height

with an exceedingly thin film. On the surface of this film another

film rises, and so on until the weight of the accumulated water becomes

equal to the elevating force.

(93.) The thickness of the glass does not affect the result, hence the

force is limited in its action to insensible distances.
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If these effects are due to adhesion and cohesion, it is evident that
the first film of water is supported by the attraction of the glass—that
the second coheres to the first, and the third to the second, and so on.
See model and drawing.
The quantity of water thus supported hy one side of a plate is equal

to about 2^ grains, (or the weight of the hundreth part of a cubic
inch of water,) for each linear inch along the glass, parallel to the
surface of the liquid in the vessel.

(94.) When an amalgamated plate of copper is plunged into mer-
cury, the quantity of the metal supported above the general level and
estimated in the same way is about 17 grains.

(95.) The following equation expresses the equilibrium of the forces

which sustain the first film. In this q represents the attraction of
the liquid for the solid, p that of the liquid for itself, and w the weight
of the film

:

2q—p= io. (6.)

Proof of this—according to the method of La Place. We see from
this equation that if the attraction of the liquid for the solid is more
than half as great as that of the liquid for itself, an elevation will be
produced along the surface—hence a film of water will be elevated
along a surface of ice, and a second film of water along the surface of
the water of the first film, and so on. In this case

2p—p z=: w, or p= lu.

If the attraction of the liquid for the solid be less than half of that
of the liquid fur itself, then the left hand side of the equation becomes
negative, and a depression will be indicated.
Example—plate of glass plunged into dry mercury.

(96.) Suppose next that two plates held parallel and opposite each
other be placed in the water, the weight of liquid supported will now
be double. If the plates be brought nearer, the water will rise between
them, so that the weight supported may still be the same ; hence the
height of the liquid will be inversely as the distance of the plates.

_
Let the interval between the plates be the yi„th of an inch, then,

since each linear inch of each plate will support 2^ grains or the hun-
dredth part of a cubic inch of water, therefore the liquid will stand at
the height of two inches. If tne plates be -^\^ of an inch apart, the
elevation will be 6 inches—or, if d be the distance of the plates, and
h the height, then

1

h= (Y.)

50c/

(97.) Next let four narrow plates be joined at their edges so as to
form a prism, of which the transverse section is a square, and let this
be placed in water—then the liquid, being supported on four sides
instead of two, will rise to tioice the height. Also because the circum-
ference of a circle is to its area as the periphery of a circumscribed
square is to its area, the liquid will stand at the same altitude in a
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cylindrical tube as in the circumscribing prism—and hence, in the

case of the tube we will have

1

1=^- (8.)

The results in reference to the varying distance of the plates are

best exhibited by two squares of glass joined at their vertical edges

and opened to an acute angle. The liquid is observed to stand at

different points, at heights inversely as the distance of the plates at

these points, and therefore its outline must form a hyperbole referred

to its asymj)totes. -Proof of this.

(98.) In the case of two plates of glass plunged into mercury, the

depressing force is also found to be constant for each linear unit of the

width of the glass parallel to the horizon—consequently the depression

must be inversely as the distance of the plates, and twice as great in

a tube of the same diameter as the distance of the plates.

It has been found by experiment that in a glass tube of gV^^^ o^ ^^
inch in diameter the depression is one inch—hence the depression in

any other glass tube will be given by

1

d'

%M

and between two glass plates by (9.)

1

d"z=z
136c?

(99.) Although the capillary force is constant for the same liquid,

it is different for different liquids, as is shown in the following table

derived from experiment

:

Water 100

Solution of common salt 84

Nitric acid *?5

Muriatic acid 70

Alcohol 41

Purified whale oil • ?>H

This table exhibits the relative heights of the different liquids in

tubes of the same diameter.

(100.) In the elevation of liquids in tubes the height is the same

with the same diameter, whatever may be the substance of which the tube

is composed, but in the case of depression the depressing force varies

with the substance of the tube as well as with the diameter. Expla-

nation of this.

(101.) The elevation of liquids is readily explained in its general

features, on the principle we have already given of the adhesion of

the liquid to the solid and the cohesion of the liquid to itself; but to

explain the depression and a number of other facts connected with the

subject require something more.



LECTURES. 213

Various hypotheses have been advanced for the explanation of capil-

lary phenomena, the most important of which are those of Jurin,
Clairant, Robison, Lesley, La Place, Young and Poisson. Almost
every one of these may be considered as an improvement on the pre-
ceding, or a closer approximation to truth.

(102.) According to the improved hypothef?is, or theory as it may
now be called, of Poisson and Young, the phenomena are not only
due to the attractions of the liquid and solid, but also to the contrac-
tile force existing in" the free surface of every liquid, and which is

increased or diminished in a given direction by a convexity or con-
cavity of this surface.

To apply these principles to the phenomena of capillarity, let us
first suppose two plates plunged perpendicularly into a liquid on which
they have no action ; then the liquid will be divided from itself, the
contractile force will be developed along the free surface contiguous to

each plate, the liquid will be drawn down until the hydrostatic pres-
sure balances the contractile force, and we will have the following as
the equation of equilibrium :

2c=ziv. (10.)

(103.) Next let the plates have an attraction for the liquid, but not
as great as that of the liquid for itself, as in the example of glass and
mercury.
The liquid in this case will not be entirely separated from the glass

so as to produce a perfectly free surface, but will be pressed against it

by the attraction ; the contractile force will, therefore, be partially

neutralized, and the depression consequently be less.

If d be the diminution in the contractile force in consequence of the
attraction of the glass, then

2(c—d)= iv. (11.)

Since c and d must remain the same with the same liquid and
solid, lu will also be constant; and hence the depression will be in-

versely as the distance of the plates, or the diameter of the tube.
Also, with the same liquid and solid, the angle of contact will re-

main constant, and the ci^rvature of the upper surface will be inversely
as the distance of the plates, and therefore the curvature may be taken,
as it has been by La Place, as the measure of the capillary force.

(104.) If the attraction of the liquid for the solid be greater than
for itself, then the film in contact will be drawn up, the surface be-
tween the plates will be rendered concave—a superficial tension will

be developed along the curved surface and the liquid will rise until
the tension due to the curvature balances the weight of the column.
The curvature in this case will also be inversely as the distance of

the plates, since the angle of contact remains the same—hence so long
as the exterior surface remains unchanged in form, the elevation will

be inversely as the distance of the plates.

But if the surface without the tube be rendered either concave or
convex, a contractile force will be developed which will tend to elevate
or depress the column.



214 LECTURES.

(105.) The equilibrinru of the capillary forces may be expressed by
the followincr general equation in which Z is the elevation or depres-

sion, T a co-efficient for each fluid and solid, R and W the radii of

curvature

^=^(i+-y (^^•)

(106.) Illustrations of the effects of curvature on the length of the
column—the exterior surface of a liquid rendered concave, the column
in the tube depressed—convex the reverse. The surface of the exterior

liquid made concave, the height of the column in the tube diminished

—

convex increased.

Column supported in a tube with a drop of liquid at the end is de-

pressed by touching the drop to a surface of liquid—effect of convex
and concave surface exhibited by means of a small inverted syphon.
Movement of a drop of water in a conical glass tube—also between

two glass plates.

Reverse movement of a drop of mercury.
Apparent attraction of two plates with film of water interposed.

Effect of double curvature of the liquid surface,

A small glass rod in a large capillary tube filled with water, does

not fall out but rebounds from the lower surface of the liquid.

Illustration of Copillai-y Fhenomena.—Surface crystallization—water
imbibed by sponge, the pores require to be previously wetted by pres-

sure. Water drawn up into sand. Oil supplied by the wick—bundle
of fine wire may be used for the same purpose. Method of oiling the

axles of the locomotive. Marble absorbs oil but not water ; the oil

extracted by clay.

Water passed through filtering paper by capillary force, collects on
the lower side into drops^ by cohesion, falls by gravity. Different

liquids separated by previously wetting the filter with one of them.
Cloth rendered air-tight by water.

The dimensions of bodies are often changed by imbibing water.
The untwisting of catgut, and of the beard of the wild oat, the short-

ening of strings and the lengthening of whalebone, all fu nish hi/gro-

scopes, or instruments for indicating the state of moisture of the air.

The intensity of the capillary action is exceedingly great ; water is

drawn into wood with such force as to split rocks. A large weight
raised by the contraction of a rope in the direction of its length, while
it is increasing in diameter. The same force is not exerted when oil

is absorbed. Cause of warping and splitting of furniture—use of oil-

ing and varnishing to prevent this.

French method of saturating timber with substances for its preser-

vation.

(107.) Apparent attraction and repulsion of floating bodies.—Two
moistened or two smoked corks approach each other; but a moistened
and a smoked cork separate. Also a moistened cork adheres to the
side of a glass vessel, partially filled with water, but it moves towards
the centre when the liquid is heaped on the vessel above the rim.

(108.) Endosmose, (from evSov and (oa/jto^). The transmission of
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one liquid into another through the pores of the suhstance which
separates them. The effect is due to an elective ca])illary attraction

and a subsequent mixing of the liquids. A bladder can he soaked

with water, but is merely infilmed with alcohol—hence the more rapid

transmission of one of these liquids through this membrane than the

other.

Same result produced with other liquids, provided they have
diiferent degrees of attraction for the membrane, and a strong ten-

dency to mix with each other.

The endosmometer exhibited.

(109.) The endosmose, (or flowing in) of the exterior liquid is

generally accompanied by the exosmose {e^co and coaixo:: or flowing

out) of the interior liquid, but to a much less extent, the difference

depending upon the greater or less attraction for the interposed sub-

stance.

Modifications of this action perform an important part in many of

the operations of vegetable and animal life.

Method of strengthening wine by a bladder over the mouth of the

bottle.

Endosmose probably takes place to a slio;ht degree, between gases

in their transfusion through porous substances, although most of the

phenomena of this kind can be explained on the principle of a differ-

ence in weight, and Dalton's law of diffusion. It is, however, certain

that capillary attraction does take place in an eminent degree between
solids and gases. Newly burnt charcoal absorbs 90 times its bulk of

ammoniacal gas, 35 times of carbonic acid, and 9.2 times of oxygen.
The gas in some of these cases must be condensed by the attraction

into a liquid.

(110.) Chemical Attraction,

Or, as it is generally called, chemical affinity, is the highest degree
of heterogeneous attraction—it takes place between the component
molecules of different kinds of matter, and produces other matter of

entirely diiferent qualities.

The peculiarities of this attraction are as follows : 1. It is elective;

the intensity of action is not the same between all bodies, so that one
substance may displace another in a compound by its superior attrac-

tion for the other ingredient. 2. It is definite ; the same quantity of

any substance has the same saturating power in reference to all matter
with which it combines. 3. It determines the pecidiar -projjerties of

the compound. In these peculiarities it differs materially from gravi-

tation, the intensity of which is the same for all matter, and does not
admit of saturation, the attraction of a for h does not interfere with
the attraction of a for c.

The operation of this attraction is intimately connected with the
electricity, ajid will be referred to again under the head of galvanism.
It forms an essential part of chemistry, and its peculiarities are fully

described and illustrated in that branch of science.
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Elasticity.

(111.) By this term we understand that property of bodies by which
they return to their original form and dimensions when an extraneous

force, to which they have been submitted, is withdrawn.
The term ehisticity is also used to express the force with which any

body resists a change of density or of form. In tliis sense the elas-

ticity of water is greater than that of air. The ambiguity may be
avoided by employing the expression elasticforce lor the latter.

All bodies in mechanics are sometimes divided into two classes,

elastic and non-elastic, and sometimes into perfectly and imperfectly

elastic. Examples.
But in realit}' all bodies are perfectly elastic within certain limits

which differ widely in different bodies. The late experiments pre-

sented to the British Association do not, I think, establish the con-

trary.

(112.) Elasticity of gases.—The molecules of gases being entirely

within the region of repulsion, they tend constantly to separate from
each other, and are only confined within a given volume by the sides

of the vessel which contains them. The range of elasticity in these is

much greater than in liquids and solids.

The laws of Boyle and Mariotte.

1. The elastic force and density of a gas are cliredly as the pressure.

2. The hidk of a gas is inversely as the iiressure.

(113.) Experimental proof of these laws. Precautions to be ob-

served. The second has been found to hold true in the case of com-
mon air, to the extent of a pressure of twenty-four atmospheres.

It is probable, however, that these laws are true for all gases only
within certain limits ; several gases have been condensed into liquids,

and analogy would lead us to infer that all of them might be reduced

to the same state if sufficient pressure could be applied. In those

which have been liquefied, the laws fail as the point of liquefaction

is approached. On the other hand, if the gases were sufficiently

expanded, we cannot doubt that the molecular repulsion' would finally

pass into the attraction of gravitation. These facts are in accordance

with the theory of Boscovich.

Experiment to illustrate this. Several gases submitted at the same
time to the same intense pressure ; condensation finally becomes
unequal.
To account for the laws of elasticity, we may suppose, with Newton,

that the force between the atoms is inversely as their distances ; but
if we adopt this hypothesis we are obliged to admit that the action of

each atom does not extend beyond the atoms nearest to it, however
greatly they may be crowded together. The explanation of Dr. Kobi-
son is more probable ; according to this, the repulsion remains the

same for a certain range of distance, and the law of elasticity is the

result of the greater number of atoms forced into the same space
;

the repulsion being in proportion to the number of tile repelling

centres.

Illustration of this by a diagram of atoms, and also by the curve of

Boscovich.
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(114.) Elasticity of liquids.—The range of elasticity in these bodies

is exceedingly small when compared with that of gases, but the

elastic force is much greater.

The diminution of bulk is found by experiment to be proportional

to the pressure. If B represent the bulk under a given pressure, P,

and other pressures be added in succession, then the corresponding

pressures and bulks will be as follows

:

P+p . . . B—

6

P-f2p . .
.' B—2&

P+3i9 . . . B— 3Z>

P-j-wp . . . B

—

nh

[t is evident that this law must have a limit ; otherwise the matter

may be annihilated by sufficient pressure.

For a long time it was supposed that liquids were incompressible

and inelastic. Canton, in 1761, was the first who compressed water
;

since then the subject has been studied and extended by Perkins,

(Ersted and others.

(115.) Perkins's apparatus ;—an iron bottle with a piston filled to

the neck
;
pressure produced by sinking this into the deep sea.

OErsted's apparatus exhibited. It consists principally of three parts

:

1st. An exterior vessel which takes the place of the deep sea, and in

which the pressure is ^(produced by a screw and piston. 2d. Of an

inner vessel containing the liquid to be compressed called a Piezo-

meter, {ruzZin and ^srpou.) 3d. Of an inverted glass tube filled with

air, the diminution of which in bulk indicates the compressing force.

Method of graduating the stem of the piezometer—each division

indicates the 2 millionths of the whole bulk.

Self-registering piezometer for pressures whicli would break the

exterior glass vessel.

Discussion as to the variation in the capacity of the piezometer.

According to Poisson it becomes smaller—according to QErsted,

larger. The opinion of the former is correct.

The following is the compressibility of liquids, according to the

experiments of Colladon and Sturm of Geneva, expressed in millionths

of the primitive bulk, for an additional pressure of our atmosphere :

Mercury, ...... 3.38

Sulphuric acid, ..... 30.35

Water not freed from air, . . . 47.85

Water freed from air, . . . . 49.65

Alcohol, (1st atmos.) .... 94.95

do.,
_

(5th do.) 91.89

Sulphuric ether, (1st atmos.) . . . 131.35

do. do. (24tbdo.) . . . 120.45

The greater the density the greater the repulsive force. Change of

temperature affects the compressibility.

(116.) The Elasticity of Solids.—This may be considered under
three heads : viz. , the elasticity of compression and dilatation^ of bend-

ing, and of torsion.

Elasticity of Compression, &c.—In masses of solids, compressed on
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all sifles, the law of diminution is the same as that which has been
given for liquids. The degree of compressibility may also be deter-

mined by the use of Oersted's apparatus. Explanation of this.

In rods and wires drawn, in the direction of their axes, the elonga-

tion within certain limits is just in proportion to the force applied.

When the force is removed the body resumes its ordinary dimensions.
With a force which exceeds the limits ol elasticity^ the position of

the molecules is permanently changed, and the body is said to take a
set. After this the molecules will oscillate around their new position

of equilibrium and the body will again be perfectly elastic, within,

however, a different limit.

The elastic force of wires of different substances may be found bj
the use of Gravesand's apparatus. Explanation of this.

In stretching a rod or a wire the diameter is diminished one-fourth

of the extension in length, and therefore the whole volume is in-

creased .

When the stretching force approaches the limit of cohesion, the

dilatation becomes very irregular.

On the principle of taking a set depends the malleability and duc-

tility of bodies, or the properties of being extended and modeled by
the hammer, and of being drawn out into wire.

Illustrati(ms. Gold is one of the most malleable substances; pla-

tinum one of the most ductile. A flat sheet of copper may be beaten

into a hollow globular vessel, with a small opening at the top, with-

out seam or joint. The rolling, coining, and stamping of metal
depend on the same princi2)le. Frequent annealing is necessary

during the process.

(117.) Elasticity of Bending.—In the case of plates and rods the

force of bending is just in proportion to the degree of bending, and
within small limits the body in this respect is perfectly elastic. This
fact was discovered by Dr. Hooke in 1660, and expressed by the

phrase
" Ut tensio sic vis."

Experimental illustrations of this law. Weights suspended from
the middle, and also from the end of a flexible bar. Elongation of a
spiral spring.

It follows from this law that all the vibrations of a thin plate fas-

tened at one end are isochronous. Proof of this—the force increases

in proportion to the distance to be passed over.

It was this relation that suggested to Dr. Hooke the application of

the hair-spring to a watch. On the same principle also depends the

operation of the extemporary weighing machine, the spring balance,

and the dynamometer.
Effect ot loading the spring ; the time of vibration must be as the

weight.

In bending a rod the molecules on the concave side are pressed

nearer together, while those on the opposite side are drawn further

apart; between these a line must exist called the neutral axis, in

which the distance of the molecules is unchanged. These inferences

from the molecular hypothesis shown to be true by means of polarized
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light, and the bending of a rectangular prism of glass. Also illus-

trated by a diagram.

(118.) Elasticity of Torsion.—Apparatus and experiments of Cou-
lomb exhibited. Double horizontal pendulum suspended by a fine

wire.

'

The force of torsion is just in proportion to the angle of torsion, or

again we have ut tensio sic vis.

All the vibrations are therefore in this case also performed in the
same time, whatever be tlie amplitude.

Because the force of torsion varies as the angle of torsion, the vibra-

tions of a torsion pendulum are governed by the same laws as those

of the cycloidal pendulum; hence we shall have by mechanics

/
In this expression, in which T is the time, / the elastic force, and L
the length of the radius of the double pendulum, the diameter of the
wire and the weight which stretches the wire are each supposed to be
equal to unity.

If the weight be increased to W, then the velocity or the measure
of the force will evidently be diminished in the same ratio, and in-

stead of / we shall have-^. Hence by substitution,
•^ W

7"
1. The time of vihration is as the square root of the lueight luhich

stretches the ivire.

If the length of the wire be increased to I, then for a given angle
of torsion the molecules will be separated inversely as the length

;

therefore the force will be expressed by_, and by substitution, we

shall have

T = .7
LI
y or

2. The other quantities remaining the same, the time varies as the

square root of the length of the luire.

Again, if the diameter of the wire becomes r, then r- will represent
the increased number of molecules, and since the mean distance of
separation of these for a given torsion will vary as r, and also the
distance from the centre to the point of application at r, it follows

that the whole force will be expressed by r^, and therefore by substi-

tuting again, we shall have

L

7 ''

The time varies inversely as the square of the radius of the ivire, the

other quantities being constant.

All these inferences are in strict accordance with the results of ac-

curate experiments.
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(119.) The application of the torsion pendulum to the measurement
of small fo]'ces,—Coulomb's balance of torsion,—Cavendish's experi-

ment of weighing the earth. The hair spring of a watch—new clock.

Torsion is a means of exhibiting the elasticity of some bodies which
ordinarily appear inelastic. The elasticity of a lead wire may be
shown by torsion ; also of a rope of moistened clay.

The degree of elasticity of some solids depends on a peculiar ar-

rangement of the molecules of the surface, called temper. Steel,

heated to a cherry red, and then plunged into cold water, has its

elastic force much increased—it becomes as hard and as brittle as

glass. If it be again heated until it exhibits a blue color, and is

again plunged into water, a "^ spring temper" is produced, or the

metal assumes a much wider range of elasticity.

A tempered bar of steel is larger than one of the same weight
which has been suffered to cool gradually ; also on breaking the bar
the temper is found to be superficial. Probable explanation of tem-
per. The outer crust is suddenly cooled over a heated and dilated

nucleus—the latter shrinks in coolings anil leaves the crust in a state

of tension. Cast iron may also be tempered by the solicRfying pro-

cess called chill-casting.

Grlass also possesses the property of receiving a temper. Large
drops of this substance let fall into water suddenly solidify at the

surface, and thus the molecules assume a state of tension analogous

to that of tempered steel. Pieces of glass of this kind are called

Prince Eupert's drops ; they will bear a considerable blow on the end,

but if the tail of the drop be broken, the whole explodes into a fine

powder.
The molecular force developed in this explosion is astonishingly great

—a thick tumbler broken by it.

The drops lose their peculiar property by being heated and gradu-
ally cooled.

The existence of a state of tension in the unannealed drop shown
by polarized light.

The method of annealing glass for domestic and other uses ex-

plained.

The Chinese gong metal, called tam-tam, which consists of four

parts of copper and one of tin, possesses the remarkable property of

becoming hard and brittle by slow cooling.

(to be continued in the next report.)
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ON ACOUSTICS

APPLIED TO PUBLIC BUILDINGS.*

BY PROFESSOR JOSEPH HENRY,

8ECRETAKT OF THE SMITII80NIAN INSTITUTION.

At the meeting of the American Association in 1854, 1 gave a ver-

bal account of a plan of a lecture-room adopted for the Smithsonian

Institution, with some remarks on acoustics as applied to apartments

intended for public speaking. At that time the room was not finished,

and experience had not proved the truth of the principles on which
the plan had been designed. Since then the room has been employed
two winters for courses of lectures to large audiences, and I believe it

is the universal opinion of those who have been present, that the ar-

rangement for seeing and hearing, considering the size of the apart-

ment, is entirely unexceptionable. It has certainly fully answered

all the expectations which were formed in regard to it previous to its

construction. The origin of the plan was as follows :

Professor Bache and myself had directed our attention to the sub-

ject of acoustics as applied to buildings, and had studied the pecu-

liarities in this respect of the hall of the House of Kepresentatives,

when the President of the United States referred to us for examina-

tion the plans proposed by Captain Meigs,, of the Engineer Corps, for

the rooms about to be constructed in the new wings of the Capitol.

After visiting with Captain Meigs the principal halls and churches

of the cities of Philadelphia, New York, and Boston, we reported

favorably on the general plans proposed by him, and which were

subsequently adopted. The facts which we have collected on this

subject may be referred to a few well established principles of sound,

which llave been applied in the construction of this lecture-room. To
apply them generally, however, in the construction of public halls,

required a series of preliminary experiments.

In a very small apartment it is an easy matter to be heard distinctly

at every point ; but in a large room, unless from the first, in the

original plan of the building, provision be made, on acoustic princi-

ples, for a suitable form, it will be difficult, and, indeed, in most

cases impossible, to produce the desired effect. The same remark
may be applied to lighting, heating, and ventilation, and to all the

special purposes to which a particular building is to be applied. I

beg, therefore, to make some preliminary remarks on the architecture

o Read before the American Association for the Advancement of Science, in August, 1856.
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of buildings bearing upon tliis point, which, though they may not
meet with universal acceptance, will, I trust, commend themselves to

the common sense of the public in general.

In the erection of a building, the uses to which it is to be applied
should be clearly understood and provision definitely made in the
original plan for every desired object.

Modern architecture is not, like painting or sculpture, a fine art
par excellence ; the object of these latter is to produce a moral emo-
tion, to awaken the feelings of the sublime and the beautiful, and we
egregiously err when we apply their productions to a merely utilita-

rian purpose. To make a fire screen of Rubens's Madonna, or a can-
delabrum of the statue of the Apollo Belvidere, would be to debase
these exquisite productions of genius, and do violence to the feelings

of the cultivated lover of art. Modern buildings are made for other
purposes than artistic effect, and in them the assthetical must be sub-
ordinate to the useful, though the two may coexist, and an intellectual

pleasure be derived from a sense of adaptation and fitness, combined
Vith a perception of harmony of parts^ and the beauty of detail.

The buildings of a country and an age should be an ethnological
expression of the wants, habits, arts, and sentiment of the time in
which they were erected. Those of Egypt, Greece, and Rome were
intended, at least in part, to transmit to posterity, without the art of
printing, an idea of the character of the periods in which they were
erected. It was by their monuments that these nations sought to con-

vey an idea of their religious and political sentiments to future ages.
The Greek architect was untrammelled by any condition of utility.

Architecture was with him in reality a fine art. The temple was
formed to gratify the tutelar deity. Its minutest parts were exquisitely
finished, since nothing but perfection on all sides, and in the smallest
particulars, could satisfy an all-seeing and critical eye. It was in-

tended for external worship, and not for internal use. It was without
windows, entirely open to the sky, or, if closed with a roof, the light
was merely admitted through a large door. There were no arrange-
ments for heating or ventilation. The uses, therefore, to which, in
modern times, buildings of this kind can be applied, are exceedingly
few ;

and though they were objects of great beauty, and fully realized
the intention of the architect by whom they were constructed, yet
they cannot be copied in our day without violating the principles
which should govern architectural adaptation.

Every vestige, of ancient architecture which now remains -on the
face of the earth should be preserved witli religious care ; but to ser-

vilely copy these, and to attempt to apply them to the uses of our day,
is as preposterous as to endeavor to harmonize the refinement and
civilization of the present age with the superstition and barbarity of
the times of the Pharaohs. It is only when a building expresses the
dominant sentiment of an age, when a perfect adaptation to its use is

joined to harmony of proportions and an outward expression of its

character, tliat is entitled to our admiration. It has been aptly said,

that it is one thing to adopt a particular style of architecture, but a
very different one to adapt it to the purpose required.

Architecture should change not only with the character of the peo-



ACOUSTICS APPLIED TO PUBLIC BUILDINGS. 223

pie, and in some cases with the climate, hut also with the material to

be employed in construction. The use of iron and of pjlass requires

a modification of style as much as that which sprung from the rocks of

Egypt, the masses of marble with which the lintels of the Grecian
temjiles were formed, or the introduction of brick by the Romans.
The great tenacity of iron, and its power of resistance to crushing,

should suggest for it, as a building material, a far more slender and
apparently lighter arrangement of parts. An entire building of iron,

fashioned in imitation of stone, might be erected at small expense of

invention on the part of the architect, but would do little credit to his

trutlifulness or originality. The same may be said of our modern
pasteboard edifices, in which, with their battlements, towers, pinna-

cles, "fretted roofs and long drawn aisles," cheap and transient mag-
nificence is produced by painted wood or decorated plaster. I must
not, however, indulge in remarks of this kind, but must curb my feel-

ings on the subject, since I speak from peculiar experience.

But to return to the subject of acoustics as applied to apartments
intended for public speaking. While sound, in connexion with its

analogies to light, and in its abstract principles, has been investi-

gated within the last fifty years with a rich harvest of results, few
attempts have been successfully made to apply these principles to

practical purposes. Though we may have a clear conception of the

simple operation of a law of nature, yet when the conditions are va-

ried, and the actions multiplied, tlie results frequently transcend our
powers of logic, and we are obliged to appeal to experiment and ob-

servation to assist in deducing new consequences, as well as to verify

those which have been arrived at by mathematical deduction. Further-
more, though we may know the manner in which a cause acts to pro-

duce a given effect, yet in all cases we are obliged to resort t > actual

experiment to ascertain the measure of effect under given conditions.

The science of acoustics as applied to buildings, perhaps more than
any other, requires this union of scientific principles with experimen-
tal deductions. While, on the one hand, the application of simple
deductions from the established principles of acoustics would be un-
safe from a want of knowledge of the constants which enter into our
formula), on the other hand, empirical data alone are, in this case,

entirely at fault, and of this any person may be convinced who will

examine the several works written on acoustics by those who are

deemed practical men.
Sound is a motion of matter capable of affecting the ear with a sen-

sation peculiar to that organ. It is not in all cases simply a motion
of the air, for there are many sounds in which the air is not concerned

;

for example, the impulses wliich are conveyed along a rod of wood
from a tuning-fork to the teeth. When a sound is produced by a
single impulse, or an approximation to a single impulse, it is called a
noise; when by a series of impulses, a continued sound, &c. ; if the

impulses are equal in duration among themselves, a musical sound.
This has been illustrated by a quill striking against the teeth of a
wheel in motion. A single impulsel'rom one tooth is a noise, from a
series of teeth in succession a continued sound; and if all the teeth

are at equal distances, and the velocity of the wheel is uniform, then
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a musical note is the result. Each of these sounds is produced by the

human voice, though they apparently run into each other. Usually,

however, in speaking, a series of irregular sounds of short duration

are emitted,—each syllable of a v7ord constitutes a separate sound of

appreciable duration, and each compound word and sentence an as-

semblage of such sounds. It is astonishing ths.t, in listening to a
discourse, the ear can receive so many impressions in the space of a

second, and that the mind can take cognizance of and compare them.
That a certain force of impulse, and a certain time for its continu-

ance, are necessary to produce an audible impression on the ear, is

evident ; but it may be doubted whether the impression of a sound on
this organ is retained appreciably longer than the continuance of the

impulse itself; except in cases of loud sounds. If this were the

case, it is difficult to conceive why articulated discourse, which so

pre-eminently distinguishes man from the lower animals^ should

not fill the ear with a monotonous hum ; but whether the ear con-

tinues to vibrate, or whether the impression remains a certain time

on the sensorium, it is certain that no sound is ever entirely instanta-

neous, or the result of a single impression, particularly in enclosed

spaces. The impulse is not only communicated to the ear, but to all

bodies around, v/hich, in turn, themselves become centres of reflected

impulses. Every impulse must give rise to a forward, and afterwards

to a return, or backward, motion of the atom.

Sound from a single explosion in air, equally elastic on all sides,

tends to expand equally in every direction ;
but when the impulse

is given to the air in a single direction, though an expansion takes

place on all sides, yet it is much more intense in the line of the im-

pulse. For example, the impulse of a single explosion, like that of

the detonation of a bubble of oxygen and hydrogen, is propagated

equally in all directions, while the discharge of a cannon, though

heard on every side, is much louder in the direction of the axis ; so also

a person speaking is heard much more distinctly directly in front

than at an equal distance behind. Many experiments have been made
on this point, and I may mention those repeated in the open space in

front of the Smithsonian Institution. In a circle, 100 feet in diame-

ter, the speaker in the centre, and the hearer in succession at different

points of the circumference, the voice was heard most distinctly di-

rectly in front, gradually less so on either side, until, in the rear, it

was scarcely audible. The ratio of distance for distinct hearing

directly in front, on the sides, and in the rear, was about as 100, 75,

and 30. These numbers may serve to determine the form in which an

audience should be arranged in an open field, in order that those on

the periphery of the space may all have a like favorable opportunity

of hearing, though it should not be recomended as the interior form of

an apartment, in which a reflecting wall would be behind the speaker.

The impulse producing sound requires time for its propagation, and

this depends upon the intensity of repulsion between the atoms, and,

secondly, on the specific gravity of the matter itself.
^

If the medium
•were entirely rigid, sound would be propagated instantaneously

;

the weaker the repulsion between the atoms, the greater will be the

time required to transmit the motion from one to the other
;
and the
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heavier the atoms, the greater will he the time required for the action

of a given force to produce in them a given amount of motion.

Sound also, in meeting an ohject, is reflected in accordance with the

law of light, making the angle of incidence equal to the angle of re-

flection. The tendency, however, to divergency in a single heam of

sound appears to he much greater than in the case of liglit. The law,

nevertheless, appears to be definitely followed in the case of all

heams that are reflected in a direction near the perpendicular. It is

on the law of propagation and reflection of sound that the philosophy
of the echo depends. Knowing the velocity of sound, it is an easy matter
to calculate the interval of time which must elapse between the original

impulse and the return of the echo. Sound moves at the rate of 1,125
feet in a second, at the temperature of 60°.*

If, therefore, we stand at half this distance before a wall, the echo
will return to us in one second. It is, however, a fact known from
general exjierience, that no echo is perceptible from a near wall,

though in all cases one must be sent back to the ear. The reason of

this is, that the ear cannot distinguish the difference between similar

sounds, as, for example, that from the original impulse and its reflec-

tion, if they follow each other at less than a given interval, which can
only be determined by actual experiment ; and as this is an important
element in the construction of buildings, the attempt was made to de-

termine it with some considerable degree of accuracy. For this pur-
pose the observer was placed immediately in front of the wall of the

west end of the Smithsonian building, at a distance of 100 feet ; the
hands were then clapped together. A distinct echo was perceived

;

the difierence between the time of the passage of the impulse from the

hand to the ear, and that from the hand to the wall and back to the

ear, was sufficiently great to produce two entirely distinct impressions.

The observer then gradually appraached the buildings until no echo or

perceptible prolongation of the sound was observed. By accurately

measuring this distance, and doubling it, we find the interval of space
within which two sounds may follow each other without appearing
separately. But if two rays of sound reach the ear after having passed
through distances the difference between which is greater than this^

they produce the effect of separate sounds. This distance we have
called the limit of percei^tibility in terms of space. If we convert this

distance into the velocity of sounds we ascertain the limit of percepti-

bility in time.

In the experiment first made with the wall, a source of error was
discovered in the fact that a portion of the sound returned was reflected

from the cornice under the eaves, and as this was at a greater distance

than the part of the wall immediately perpendicular to the observer,

the moment of the cessation of the echo was less distinct. In subse-
quent experiments with a louder noise, the reflection was observed
from a perpendicular surface of about 12 feet square^ and from this

more definite results were obtained. Tlie limit of the distance in this

case was about 30 i'eet, varying slightly, perhaps, with the intensity

* From the av<u-age of all the experiments, acci^rdiiig to Sir Joiin Herscliel, tiie velocity

of sound is 1,090 feet at the temperature of 32°, and this is increased 1.14 feet for every
degree of temperature of Fahrenheit's scale.

15 s
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of the sound and the acuteness of different ears. This will give about

the sixteenth part of a second as the limit of time necessary f }r the

ear to separately distinguish two similar sounds. From this experi-

ment we learn that the reflected sound may tend to strengthen the

impression, or to confuse it, according as the difference of time between

the two impressions is greater or less than the limit of perceptibility.

An application of the same principle gives us the explanation of some
phenomena of sound which have been considered mysterious. Thus,

in the reflection of an impulse from the edge of a forest of trees, each

leaf properly situated within a range of 30 feet of the front plane of

reflection will conspire to produce a distinct echo, and these would

form the principal part of the reflecting surfaces of a dense forest, for

the remainder would be screened; and being at a greater distance, any

ray which might come from them would serve to produce merely a

low continuation of the sound.

On the same principle, we may at once assert that the panelling of

a room, or even the introduction of reflecting surfaces at different dis-

tances, will not prevent the echo, provided they are in parallel planes,

and situated, relatively to each other, within the limit of perceptibility.

Important advantage may be taken of the principle of reflection of

sound by the proper arrangement of the reflecting surfaces behind the

speaker. We frequently see in churches, as if to diminish the effect

of the voice of the preacher, a mass of drapery placed directly in the

rear of the pulpit. However important this may be in an resthetical

point of view, it is certainly at variance with correct acoustic arrange-

ments—the great object of which should be to husband every articu-

lation of the voice, and to transmit it unmingled with other impulses,

and with as little loss as possible, to the ears of the audience.

Another effect of the transmission and reflection of sound is that

which is called reverberation, which consists of a prolonged musical

sound, and is much more frequently the cause of indistinctness of per-

ception of the articulations of the speaker than the simple echo.

Reverberation is produced by the repeated reflection of a sound from

the walls of the apartment. If, for example, a single detonation takes

place in the middle of a long hall with naked and perpendicular walls,

an impulse will pass in each direction, will be reflected from the walls,

cross each other again at the point of origin, be again reflected, and

60 on until the original impulse is entirely absorbed by the solid

materials which confine it. The impression will be retained upon the

ear during the interval of the transmission past it of two successive

waves, and thus a continued sound will be kept up, particularly if the

walls of any part of the room are within 30 feet of the ear. If a series

of impulses, such as that produced by the rapid snaps of a quill aj^ainst

the teeth of a wheel, be made in unison with the echoes, a continued

musical sound will be the result. Suppose the wheel to be turned

with such velocity as to cause a snap at the very instant the return

echo passes the point at which the apparatus is placed, the second

sound v/ill combine with the first, and thus a loud and sustained

vibration will be produced. It will be evident from this that every

room has a key-note, and that, to an instrument of the proper pitch,

it will resound with great force. It must be apparent, also, that the
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continuance of a single sound, and the tendency to confusion in dis-

tinct perception will dejiend on several conditions ; first, on the size

of the apartment ; secondly, on the strength of the sounder the inten-

sity of the impulse ; thirdly, on th» position of the reflecting surfaces
;

anil fourthly, on the nature of the material of the reflecting surfaces.

In regard to the first of these, the larger the room, the longer time

will be required for the impulse along the axis to reach the wall; and

if we suppose that at each collision a portion of the original force is

absorbed, it will require double tlie time to totally extinguish it in a

room of double the size, because, the velocity of sound being the same,

the number of collisions in a given time will be inversely as the dis-

til nee through which the sound has to travel.

Again, that it must depend upon the loudness of the sound, or the

intensity of the impulse, must be evident, when we consider that the

cessation of the reflections is due to the absorption of the walls, or to

irregular reflection, and that, consequently, the greater the amount of

orig'inal disturbance, the longer will be the time required for its com-

plete extinction. This principle was abundantly shown by our obser-

vations on different rooms.

Thirdly, the continuance of the resonance will depend upon the

position of the reflecting surfaces. If these are not parallel to each

other, but oblique, so as to reflect the sound, not to the opposite,^ but

to the adjacent wall, without passing through the longer axis of the

room, it will evidently be sooner absorbed. Any obstacle, also, which

may tend to break up the wave, and interfere with the reflection

through the axis of the room, will serve to lessen the resonance of the

apartment. Hence, though the panelling, the ceiling, and the intro-

duction of a variety of oblique surfaces, may not prevent an isolated

echo, provided the distance be sufficiently great, and the sound suffi-

ciently loud, yet that they do have an important effect in stopping the

resonance is evident from theory and experiment. In a room fifty feet

square, in which the resonance of a single intense sound continued six

seconds, when cases and other objects weve placed around the wall, its

continuance was reduced to two seconds.

Fourthly, the duration of the resonance will depend upon the nature

of the material of the wall. A reflection always takes place at the

surface of a new medium, and the amount of this will depend upon the

elastic force or power to resist compression and the density of the new
medium. For example, a wall of nitrogen, if such could be found,

would transmit nearly the whole of a wave of sound in air, and reflect

but a very small porliou ; a partition of tissue-paper would produce

nearly the same effect. A polished wall of steel, however, of sufficient

thickness to prevent yielding, would reflect, for practical purposes, all

the impulses through the air which might fall upon it. The rebound

of the wave is caused, not by the oscillation of the wall, but by the

elasticity and mobility of the air. The striking of a single ray of

sound against a yielding board would probably increase the loudness

of the reverberation, but not its continuance. On this point a series

of experiments were made by the use of the tuning-fork. In this in-

strument, the motion of the foot and of the two prongs gives a sonor-

ous vibration to the air, which, if received upon another tuning-fork
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of precisely the same size and form, would reproduce the same

vibrations.

It is a lact well established by observation, that when two bodies are

in perfect unison, and separated fit)m each other by a space filled with

air, vibrations of the one will be transmitted to the other. From this

consideration it is probable that relatively the same effect ought to be

produced in transmitting immediately the vibration of a tuning-fork

to a reflecting body, as to duration and intensity, as in the case of

transmission through air. This conclusion is strengthened by float-

ing a flat piece of wood on water in a vessel standing upon a sounding-

board
;
placing a tuning-fork on the wood, the vibrations will be

transmitted to the board through the water, and sounds will be pro-

duced of the same character as those emitted when the tuning-fork is

placed directly upon the board.

A tuning-fork suspended from a fine cambric thread, and vibrated

in air, was found, from the mean of a number of experiments, to con-

tinue in motion 252 seconds. In this experiment, had the tuning-

fork been in a perfect vacuum, suspended without the use of a string,

and, further, had there been no ethereal medium, the agitation of

which would give rise to light, heat, electricity, or some other form of

ethereal motion, the fork would have continued its vibration forever.

The fork was next placed upon a large, thin pine board, the top

of a table. A loud sound in this case was produced, which continued

less than ten seconds. The whole table as a system was thrown into

motion, and the sound produced was as loud on the under side as on

the upper side. Had the tuning-fork been placed against a partition

of this material, a loud sound would have been heard in the adjoining

room ; and this was proved by sounding the tuning-fork against a door

leading into a closed closet. The sound within was apparently as

loud as that without.

The rapid decay of sound in this case was produced by so great an

amount of the motive power of the fork being communicated to a large

mass of wood. The increased sound was due to the increased surface.

In other words, the shortness of duration was compensated for by the

greater intensity of effect produced.

The tuning-fork was next placed upon a circular slab of marble,

about three feet in diameter and three quarters of an inch thick. The

sound emitted was feeble, and the undulations continued one hundred

and jifteen seconds, as deduced from the mean of six experiments.

In all these experiments, except the one in a vacuum, the time of the

cessation of the motion of the tuning-fork was determined by bringing

the mouth of a resounding cavity near the end of the fork; this cavity,

having previously been adjusted to unison with the vibrations of the

fork, gave an audible sound when none could be heard by the unaided

ear.
. n

The tuning-fork was next placed upon a cube of India rubber, and

this upon the marble slab. The sound emitted by this arrangement

was scarcely greater than in the case of the tuning-fork suspended

from the cambric thread, and from the analogy of the previous ex-

periments we might at first thought suppose the time of duration

would be great ; but this was not the case. The vibrations continued
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only about forty seconds. The question may here he asked_, what
became of the impulses lost by the tuning-fork ? They were neither

transmitted through the India rubber nor given off to the air in the

form of sound, but were probably expended in producing a change in

the matter of the India-rubber, or were converted into heat, or both.

Though the inquiry did not fall strictly within the line of this series

of investigations, yet it was of so interesting a character in a physical

point of view to determine whether heat was actually produced, that

the following experiment was made :

A cylindrical piece of India rubber, about an inch and a quarter

in diameter was placed in a tubulated bottle, with two openings, one

near the bottom and the other at the top. A stuffing-box was attached

to the upper, through which a metallic stem, with a circular foot to

press upon the India rubber, was made to pass air-tight. The lower

tubular was closed with a cork, in a perforation of which a fine glass

tube was cemented. A small quantity of red ink was placed in the

tube to serve as an index. The whole arrangement thus formed a kind

of air-thermometer, which would indicate a certain amount of change
of temperature in the enclosed air. On the top of the stem, the

tuning-fork was screwed, and consequently its vibrations were trans-

mitted to the rubber within the bottle. The glass was surrounded

with several coatings of flannel to prevent the influence of external

temperature. The tuning-fork was then sounded, and the vibrations

were kept up for some time. No reliable indications of an increase

of temperature were observed. A more delicate method of making
the experiment next suggested itself. The tube containing the drop

of red ink, with its cork was removed, and the point of a compound
wire formed of copper and iron was thrust into the substance of the

rubber, wliile the other ends of the wire were connected with a delicate

galvanometer. The needle was suffered to come to rest, the tuning-

fork was then vibrated, and its impulses transmitted to the rubber.

A very perceptible increase of temperature was the result. The needle

moved through an arc of from one to two and a half degrees. The
experiment was varied, and many times repeated ; the motions of the

needle Avere always in the same direction, namely, in that which was
produced when the point of the compound wire v/as heated by momen-
tary contact with the fingers. The amount of heat generated in this

way is, however, small, and indeed, in all cases in which it is gene-

rated by mechanical means, the amount envolved appears very small

in comparison with the labor expended in producing it. Jule has

shown that the mechanical energy generated in a pound weight, by
falling through a space of seven hundred and fifty feet, elevates the

temperature of a pound of water one degree.

It is evident that an object like India rubber actually destroys a por-

tion of the sound, and hence, in cases in which entire non-conduction

is required, this substance can probably be employed with perfect suc-

cess.

The tuning-fork was next pressed upon a solid brick wall, and the

duration of vibration from a number of trials was eighty-eight seconds.

Against a wall of lath and plaster the sound was louder, and con-

tinued only eighteen seconds.
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From these experiments we may infer that, if a room were lined

with wainscot of thin boards, and a space left between the Avail and

the wood, the loudness of the echo of a single noise would be in-

creased, while the duration of the resonance would be diminished. If,

however, the thin board were glued or cemented in solid connexion

to the wall, or imbedded in the mortar, then the effect would be a

feeble echo, and a long continued resonance, similar to that from the

slab of marble. This was proved by first determining the length of

continuance of the vibrations of a tuning-fork on a thin board, which

was afterwards cemented to a flat piece of marble.

A series of experiments were next commenced with reference to the

actual reflection of sound. For this purpose a parabolic mirror was

employed, and the sound from a watch received on the mouth of a

hearing trumpet, furnished with a tube for each ear. The focus was

near the apex of the parabola, and when the watch was suspended

at this point it was six inches within the plane of the outer circle of

the mirror. In this case the sound was confined at its origin, and

prevented from expanding. No conjugate focus was produced, but, on

the contrary, the rays of light, when a candle was introduced, con-

stantly diverged. The ticking of the watch could not be heard at all

when the ear was applied to the outside of the mirror, while directly

in front it was distinctly heard at the distance of thirty feet, and with

the assistance of the ear trumpet at more than double that distance.

When the watch was removed from t>e focus, the sound ceased to be

audible. This method of experimenting admits of considerable pre-

cision, and enables us directly to verify, by means of sound transmit-

ted through air, the results anticipated in the previous experiments,

A piece of tissue-paper placed within the mirror, and surrounding

the watch without touching it, slightly diminished the reflection.- A
single curtain of flannel produced a somewhat greater effect, though

the reflecting power of the metallic parabola was not entirely masked

by three thicknesses of flannel ; and, I presume, very little change

would have been perceived, had the reflector been lined with flannel

glued to the surface of the metal. The sound was also audible at the

distance of ten feet, when a large felt hat, without stiffening, was inter-

posed between the watch and the mirror. Care was taken in these

experiments so to surround the watch that no ray of sound could

pass directly from it to the reflecting surface.

With a cylindrical mirror, having a parabolic base, very little in-

creased reflection was perceived. The converging beams in this case

were merely in a single plane, perpendicular to the mirror, and pass-

ing through the ear, while to the focal point of the spherical mirror a

solid cone of rays was sent.

The reflection from the cylindrical mirror forms what is called a

caustic in optics, while that from a spherical mirror gives a true focus,

or, in other words, collects the sounds from all parts of the surface,

and conveys them to one point "of space. These facts furnish a ready

explanation of the confusion experienced in the Hall of Representa-

tives, which is surmounted by a dome, the under surface of which acts

as an immense concave mirror, reflecting to a focus every sound which
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ascends to it, leaving other points of ppace deficient in sonorous im-

pulses

Water, and all liquids which offer great resistance to compression,

are good reflectors of sound. This may he shown hy the following

experiment. When water is gradually poured into an upright cylin-

drical vessel, over the mouth of which a tuning-fork is vihrated, until

it comes within a certain distance of the mouth, it will reflect an

echo in unison with the vibrations of the fork, and produce a loud

resonance. This result explains the fact, which had been observed

with some surprise, that the duration of the resonance of a newly plas-

tered room was not perceptibly less than that of one which had been

thoroughly dried.

There is another principle of acoustics which has a bearing on this

subject. I allude to the refraction of sound. It is well known that,

when a ray of sound passes from one medium to another, a change in

velocity takes place, and consequently a change in the direction or a

refraction must be produced. The amount of this can readily be cal-

culated where the relative velocities are known. In rooms heated by
furnaces, and in which streams of heated air pass up between the au-

dience and speaker, a confusion has been supposed to be produced, and

distinct hearing interfered with, by this cause. Since the velocity of

sound in air at 32° of Fahrenheit has been found to be 1,090 feet in a

second, and since the velocity increases 1.14 feet for every degree of

Fahrenheit's scale, if we know the temperature of the room, and that

of the heated current, the amount of angular refraction can be ascer-

tained. But since the ear does not readily judge of the difference of

direction of two sounds emanating from the same source, and since

two rays do not confuse the impression which they produce upon the

ear, though they arrive by very different routes, provided they are

within the limit of perceptibility, we may therefore conclude that the

indistinctness produced by refraction is comparatively little. Professor

Bache and myself could perceive no difference in distinctness in hear-

ing from rays of sound passing over a chandelier of the largest size,

in which a large number of gas jets were in full combustion. The
fact of disturbance from this cause, however, if any exist, may best be

determined by the experiment with a parabolic mirror and the hear-

ing trumpet before described.

These researches may be much extended ; they open a field of in-

vestigation equally interesting to the lover of abstract science and to

the practical builder ; and I hope, in behalf of the committee, to give

some further facts with regard to this subject at another meeting.

I shall now briefly describe the lecture room, which has been con-

structed in accordance with the facts and principles previously stated,

so far at least as they could be applied.

There was another object kept in view in the construction of this

room besides the accurate hearing, namely, the distinct seeing. It was

desirable that every person should have an opportunity of seeing the

experiments which might be performed^ as well as of hearing dis-

tinctly the explanation of them.

'By a fortunate coincidence of principle, it happens that the arange
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ments for insuring unobstructed siglit do not interfere witli those

necessary for distinct hearing.
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The law of Congress authorizing the establishment of the Smith-

sonian Institution directed that a lecture-room should he provided
;

and accordingly in the first plan one-half of the first story of the main
building was devoted to this purpose. It wan found, however, impos-

sible to construct a room on acoustic principles in this part of the

building, which was necessarily occupied by two rows of columns.

The only suitable place which could be found was, therefore, on the

second floor. The main building is two hundred feet long and fifty

feet wide ; but by placing the lecture-room in the middle of the story

a greater width was obtained by means of the projecting towers.

The general form and arrangement of the room will be understood

from the accompanying drawing, which exhibits a general plan of the

second story of the main building. In this, Gr, F, F, represent the

rear, and M, M, M, the front towers. The lecture-room is 100 feet

in its greater dimension, and 64 feet from I to C, and 88 feet to the

extremity of the upper gallery F, F, The curved dotted line repre-

sents the front of the gallery, which is in the form of a horse shoe.

The dotted line in the rear tower represents the extension of the gal-

lery into this space.
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The above illustration exhibits a perspective view of the lecture-

room from the west side under the gallery.

The speaker's platform is placed between two oblique walls. The
corners of the room which are cut off by these walls afford recesses

for the stairs into the galleries. The opposite corners are also -par-

titioned off, so as to afford recesses for the same purpose. The ceiling

is twenty-five feet high, and, therefore, within the limit of percepti-

bility. It is perfectly smooth and unbroken, with the exception of an

oval opening nearly over the speaker's platform, through which light

is admitted. The seats are arranged in curves, and were intended to

rise in accordance with the 2^anoptic curve, originally proposed by Pro-

fessor Bache, which enables each individual to see over the head of

the person immediately in front of him. The original form of the

room, however, did not allow of this intention being fully realized,

and therefore the rise is a little less than the curve would indicate.

The walls behind the speaker are composed of lath and plaster, and

therefore have a tendency to give a more intense, though less pro-

longed sound than if of solid masonry. They are also arranged for

exhibiting drawings to the best advantage.

The general appearance of the room is somewhat fan-shaped, and

the speaker is placed as it were in the mouth of an immense trumpet.

The sound directly from his voice, and that from reflection immedi-

ately behind him, is thrown forward upon the audience ; and as the

difference of distance travelled by the two rays is much within the

limit of perceptibility, no confusion is produced by direct and reflected

sound.
Again, on account of the oblique walls behind the speaker, and

the multitude of surfaces, including the gallery, pillars, stair-screens,

&c., as well as the audience, directly in front_, all reverberation is

stopped.

No echo is given off from the ceiling, for this is also within the

limit of perceptibility, while it assists the hearing in the gallery by

the reflection to that place of the oblique rays.

The architecture of this room is due to Captain Alexander, of the

corps of topographical engineers. He fully appreciated all the prin-

ciples of sound which I have given, and varied his plans until all the

required conditions, as far as possible, were fulfilled.
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DIRECTIONS FOR COLLECTING, PRESERVING, AND TRANSPORTING
SPECIMENS OF NATURAL HISTORY.

PREPARED FOR THE USE OF THE SMITHSONIAN INSTITUTION.

Br Professor S. F. BAIRD.

INTRODUCTION.

The present brief directions for collecting and preserving objects of

natural history have been drawn up for the use of travellers and

others who may desire elementary instruction on this subject. The
general principles involved are so simple as to enable any one, with

but little practice, to preserve specimens sufficiently well for the ordi-

nary purposes of science.

In transmitting specimens to the Smithsonian Institution, recourse

may be had, when practicable^ to the facilities kindly authorized by

the War, Navy, and Treasury Departments, in the annexed letters.

Parcels collected in the vicinity of military posts in the interior may
usually be sent down to the coast or the frontier in returning trains

of the quartermaster's department. From the Atlantic, Pacific, or

Mexican gulf coasts, they may be shipped on board storeships, reve-

nue cutters, or other government vessels, to some convenient Atlantic

seaport. While waiting for opportunities of shipment, packages can

generally be deposited in custom-houses or public stores.

Where it is not convenient or practicable to make use of govern-

ment facilities, the ordinary lines of transportation may be employed.

When there is time enough to communicate with the Institution, in-

structions will be supplied as to the most eligible route ;
if not, then

the cheapest but most reliable line should be selected. In every case

the parcels should be addressed to the Smithsonian Institution, Wash-
ington, with the name of sender and locality marked on the outside.

Full directions for packing specimens will be found in the pamphlet.

Collections in natural history, as complete as possible, including

the commonest species, are requested from any part of the country
;

as also lists and descriptions of species, notes of habits, &c.

For all assistance which may be rendered, either in gathering spe-

cimens or in aiding in their transportation, full credit will be given

by the Institution in the annual reports to Congress, catalogues and
labels of collections, and in other ways.

§ I. GENERAL REMARKS.*

The general principle to be observed in making collections of natural

history, especially in a country but little explored, is, to gather all the

•^ This chapter is intended especially for the guidance of travelling parties hy land, and

embraces mfiny points referred to subsequently at greater length.
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species whicli may present themselves, subject to the convenience or

practicability of" transportation. The number of specimens to be

secured will, of course, depend upon their size, and the variety of

form or condition, caused by the different features of age, sex, or

season.

As the object of the Institution in making collections is not merely

to obtain the different species, but also to determine their geographi-

cal distribution, it becomes important to have as full series as prac-

ticable from each locality. And in commencing such collections, the

most common and abundant species should be secured first, as being

most characteristic. It is a fact well known in the history of collec-

tions, that the species which, from their abundance, would be first

expected^ are the last to make their appearance. Thus, while the

rarer mammals of the plains are tolerably well represented^ the ante-

lope, i)rairie dog, the various species of wolves, the black-tail deer,

and others, so numerous in perfectly accessible localities, have scarcely

ever been seen in a preserved state.

The first specimen procured, however imperfect, should be pre-

served, at least until a better can be obtained.

V/hereasmall part only of the specimens collected can be transported,

such species should be selected as are least likely to be procured in other

localities or on other occasions. Among these may be mentioned

reptiles, fishes, soft insects, &c. ; in short, all such as require alcohol

for their preservation. Dried objects, as skins, can be procured with

less difficulty, and are frequently collected by persons not specially

interested in scientific j^ursuits.

In gathering specimens of any kind, it is important to fix, with the

utmost precision, the localities where they are found. This is espe-

cially desirable in reference to fishes and other aquatic animals, since

they occupy a very intimate relation to the waters in which they live.

The smaller quadrupeds, of the size of a mouse, may be preserved

entire in alcohol. Larger kinds should be skinned, and tlie skins put

into alcohol, or coated on the inside with arsenic, and then dried.

The skulls of the smaller kinds may be left in the skins; those of

the larger should be removed, taking care to attach some common
mark by which they may be again brought together. Large animals,

of or above the size of the wolf, may, for greater convenience, be

skicned after the method pursued by butchers, by drawing the skin

of the legs down to the toes, and there severing the joint. Tlie skins'

need not be sewed up, as is directed for the smaller kinds, but rolled

up into bales, after applying an abundance of arsenic and drying

them. In the absence of arsenic, salt applied to the skin v/ill answer

as a preservative. Immersion in a strong brine of alum and salt will

be found very efficacious. Powdered green or blue vitriol, sprinkled

on the hair, will serve a good purpose in keeping off insects.

It is very important to procure the skeletons, and at all events the

skulls, of all the species of mammals, in sufficient number to include

all the variations of age and sex. These may be roughly prepared by

cutting off the flesh, extracting the brain, and drying in the sun.

In passing through the breeding ground of species of birds whose

nidification and eggs are not known, attention should be paid to secu-
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ring abundant specimens of nests and eggs. Wiien possible, tlie skin"

of the bird to which each set of eggs may belong should be secured, as

well as the skins of birds generally.

A great obstacle in the way of making alcoholic collections while

on a march, has been found in the escape of the spirits and the

friction of the specimens, as well as in the mixing up of those from

different localities. All these difficulties have been successfully ob-

viated by means of the following arrangement: instead of using

glass jars, so liable to break, or even wooden kegs, so difficult of

stowage, a square copper can should be procured, having a large

mouth with a cap fitting tightly over it, either by a screw, or other-

wise. The can should be enclosed in a wooden box, or may be made
to fit to a division of a pannier, to be slung across the back of a

mule. Several small cans, in capacity of from a half to one-third of

a cubic foot, or even less, will be better than one large one. Small

bags of mosquito netting, lino, crinoline, or other porous material,

should be provided, made in shape like a pillow-case, and open at one

end ; these may be from six to fifteen inches long. When small

fishes, reptiles, or other specimens are procured in any locality, they

may be placed indiscriminately in one or more of these bags (the

mouths of which are to be tied up like a sack,) and then thrown into

the alcohol. Previously, however, a label of parchment, leather, or

stout paper should be placed inside the bag, containing the name of the

locality or other mark, and written in ordinary ink. The label, if dry

before being placed in the bag, will retain its writing unchanged for

a long ti'.ue. The locality, or its number, should also be coarsely

marked with a red pencil on the outside of the bag. In this way,

the specimens, besides being readily identified, are preserved from

rubbing against each other, and consequent injury. Still further to

facilitate this object, an India rubber gas-bag may be employed to

great advantage^ by introducing it into the vessel, and inflating until

all vacant space is filled up by the bag, and the consequent displace-

ment of the spirit. When additional specimens are to be added, a

portion of the air may be let out, and the bag afterwards again inflated.

Should this arrangement be found impracticable, a quantity of tow,

cotton, or rags, kept over the specimens, will be found useful ir) ])re-

venting their friction against each other, or the sides of the vcsicl.

The larger snakes should be skinned, as indicated hereafter, and
the skins thrown into alcohol. Much space will in this way be saved.

Smaller specimens may be preserved entire, togetlier with lizards, sal-

amanders, and small frogs. All of these that can be caught should

be secured and preserved. The head, the legs witii the feet^ the tail,

in fact the entire skin of turtles, may be preserved in alcohol; the

soft parts then extracted from the shell, wliich is to be washed and
dried.

Every stream, and indeed, when pn.-sible, many localities in each

stream, should be explored for fishes, which are to be preserved as

directed. For these, as well as the uiiier alcoholic collections, the

lino bags are very useful.

'Great attention should be paid to procuring many specimens of the

different kinds of small fishes, usually known as minnows, shiners,
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*clmbs, &c. Among tliese will always be found the greatest variety

of species, some never exceeding an inch in length. These fish are

generally neglected under the idea that they are merely the young of

larger kinds ; even if they should prove to be such, however, they
will be none the less interesting. Different forms will be found in

different localities. Thus the Efheostoma, or Darters, and the Cottus,

live under stones, or among gravel, in shallow clear streams, lying
flat on the ground. Others will be dislodged by stirring under roots

or shelving banks along the w^ater's edge. The Melanura, or mud fish

(a few^ inches in length,) exist m the mud of ditches, and are secured

by stirring up this mud into a thin paste with the feet, and then draw-
ing a net through. The sticklebacks and cyprinodonts live along the

edges of fresh and salt water. The Zygonedes swim in pairs slowly

along the surface of the water, the tip of the nose generally exposed.

They generally have a broad black stripe on the side. By a careful

attention to these hints, many localities supposed to be deficient in

species of fishes, will be found to yield a large number.
The alcohol used on a march may be supplied with tartar emetic.

This, besides adding to its preservative powder, will remove any temp-
tation to drink it, on the part of unscrupulous persons.

Nearly all insects, scarcely excepting the Lepidopfera, can be readily

preserved in alcohol. Crabs and small shells may likewise be treated

in the same manner.
It is not usually possible to collect minerals, fossils, and geological

specimens in very great mass while travelling. The fossils selected

should be as perfect as possible ; and especial care should be paid to

procuring the bones and teeth of vertebrate animals. Of minerals

and rocks, specimens as large as a hickory-nut will, in many cases,

be sufficient for identification.

Where collections cannot be made in any region, it will be very de-

sirable to procure lists of all the known species, giving the names
by which they are generally recognized, as well as the scientific name,
when this is practicable. The common names of specimens jirocured

should also be carefully recorded.

All facts relating to the habits and peculiarities of the various

species of animals should be carefully recorded in the note book,

especially those having relation to the peculiarities of the season of

reproduction^ &c. The accounts of hunters and others should also be
collected, as much valuable information may thus be secured. The
colors of the reptiles and fishes when alive should always be given,

when practicable^ or, still better, painted on a rough sketch of the

object.

LIST OF APPARATUS USEFUL FOR TRAVELLING PARTIES.

1. Two leather panniers, supplied witn back strap for throwing
across a mule. One of these is intended to contain the copper kettles,

and their included alcohol, together with the nets and other apparatus

;

the other to hold the botanical apparatus, skins of animals, minerals,

&c. These, when full, should not weigh more than one hundred and
fifty pounds the pair.
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2. Two copper kettles in one of the panniers^ to contain the alcohol

for such specimens as require this mode ol'preserv^ation, viz : reptiles,

fishes, small quadrupeds, most insects, and all soft invertebrates. The
alcohol, if over 80 per cent., should have one-fourth of water added.

3. An iron wrench to loosen the screw-caps of the copper kettles,

when too tight to be managed by hand.

4. Tavo India rubber bags, one for each kettle. These arc intended,

to be inflated inside of the kettles, and by displacing the alcohol cause

it to rise to the edge of the brass cap, and thus fill the kettle. Unless
this is done, and any unoccupied space thus filled up, the specimens
will be washed against the sides of the vessel, and much injured.

5. Small bags made of lino, mosquito netting or cotton, of different

sizes, and open at one end. These are intended, in the first place, to

separate the specimens of different localities from each other ; and, in

the second place, to secure them from mutual friction or other injury.

The number or name corresponding to the locality is to be marked on
the outside with red chalk, or written with ink on a slip of parchment,
and dropped inside. The specimens are then to be placed in the bag,

a string tied round the open end, and the bag thrown into alcohol.

The ink of the parchment must be dry before the slip is moistened in

any way.
N. B. Fishes and reptiles over five or six inches in length should

have a small incision made in the abdomen, to facilitate the introduction

of the alcohol. Larger snakes and small quadrupeds may be skinned,

and the skins placed in alcohol.

6. Red chalk pencils for marking the bags.

7. I'archment to serve as labels for the bags. This may also be cut

up into labels, and fastened by strings to such specimens as are not

suited for the bags. Leather, kid, buckskin, &c., will also answer this

purpose.

8. Fishing-line and hooks.

9. Small seines for catching fishes in small streams. The two ends
should be fastened to brails or sticks (hoe-handles answer well), which
are taken in the hands of two persons, and the net drawn both up and
down stream. Fishes may often be caught by stirring up the gravel

or small stones in a stream, and drawing the net rapidly down the cur-

rent. Bushes or holes along the banks may be inclosed by the nets,

and stirred so as to drive out the fishes, which usually lurk in such
localities. These nets may be six or eight feet long.

10. Casting-net.

11. Alcohol. About five gallons to each travelling jiarty. This

should be about 80 per cent, in strength^ and medicated by the addi-

tion of one ounce of tartar emetic to one gallon of alcohol, to prevent

persons from drinking it.

12. Arsenic in two-pound tin canisters. This may be applied to the

moist skins of birds and quadrupeds, either dry or mixed with alcohol.

13. Tartar emetic for medicating the alcohol, as above.

14. Cotton or tow for stuffing out the heads of birds and mammals.
To economize space, but little should be put into the bodies of the ani-

mals. The skulls of the quadrupeds had better be removed from the

skins, but carefully preserved wth a common mark.
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15. Paper for wrapping up the skins of birds and small quadrupeds,

each separately. The paper supplied for botanical purposes will

answer for this.

16. Butcher-knife, scissors, needles, and thread, for skinning and
sewing up animals.

1 1. Blank labels of paper with strings attached for marking locali-

ties, sex, &c., and tying to the legs of the dried skins, or to the stems

of plants.

18. Portfolio for collecting plants.

19. Press for drying plants between the blotting paper. Pressure

is applied by straps.

20. Very absorbent paper for drying plants.

21. Stifter paper for collecting plants in the field. The same paper

may be used for wrapping skins of birds and quadrupeds, as well as

minerals and fossils.

22. Small bottles for collecting and preserving insects.

23. Geological hammer.
24. Double-barrelled gun and rifle.

25. Fine shot for small birds and mammals. Numbers 3, 6, and 9,

are proper sizes: the latter should always be taken.

26. A pocket case of dissecting instruments will be very convenient.

27. Blowpipe apparatus for mineralogical examinations.

28. Pocket vial for insects.

29. Bottle of ether for killing insects.

30. Insect pins.

31. Cork-lined boxes.

§11. INSTRUMENTS, PRESERVATIVE MATERIALS, &c.

1. IMPLEMENTS FOR SKINNING.

The implements generally required in skinning vertebrated animals

are: A sharp knife or a scalpel. 2. A pair of sharp-pointed scissors,

and one with strong short blades. 3. Needles and thread for sewing

up the incisions in the skin. 4. A hook by which to suspend the car-

cass of the animal during the operation of skinning. To prepare the

hook, take a string, of I'rom one to three feet in length, and fasten one

end of it to a stout fish-hook which has had the barb broken off. By
means of a looj) at the other end, the string may be suspended to a

nail or awl, which, when the hook is inserted into the body of an
animal, will give free use of both hands in the operation of skinning.

2. rKESERVATIVES.

The best material for the preservation of skins of animals consists

of powdered arsenious acid, or the common arsenic of the shops. This

may be used in two ways, either applied in dry powder to the moist

skin, or else mixed with alcohol or water to the consistency of molas-

ses, and put on with a brush. A little camphor may be added to the

alcoholic solution. There are no satisfactory substitutes for arsenic
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but, in its entire absence, corrosive sublimate, arsenical soap, cam-
phor, alum, &c., may be em|)loyeil.

The proper materials I'or stuffinyj out skins Avill depend much upon
the size of the animal. For small birds and quadrupeds, cotton will

be found most convenient; for the larger, tow. For those still larger,

dry grass, straw, sawdust, bran, or other vegetable sul)stances, may
be used. Whatever substance be used care must be taken to have it

perfectly dry. Under no circumstances should animal matter, as

hair, wool, or feathers, be employed.

§ III. SKINNING AND STUFFING.

1. BIRDS.

Whenever convenient the following notes should be made previous

to commencing the 0[)eration of skinning, as they will add much to

the value of the sjiecimens :

1. The lengtli, in inches, from tip of bill to the end of the tail
;

the distance between the two extreu)ities of the outstretched wings;
and the length of the wing from the carpal or wrist-joint. The num-
bers may be recorded as follows : 44, 66, 12, (as for a swan.) without
any eXj)lanation ; it being well understood that the above measure-
ments ibllow each other in a fixed succession. These numbers may
be written on the buck of the label attached to each specimen.

2. The color of the eyes, that of the feet, bill, gums, membranes,
caruncles, &c.

3. The date, the locality, and the name of the collector.

4. The sex. All these points should be recorded on the label.

Immediately after a bird is killed, the holes made by the shot,

together with the mouth and internal or posterior nostrils, should be
plugged up with cotton, to prevent the escape of blood and the juices

of the stomach. A long narrow paper cone should be made ; the bird,

if small enough, thrust in, head foremost, and the open end folded

down, taking care not to break or b. nd the tail feathers in the opera-
tion .

*

When ready to proceed to skinning, remove the old cotton from
the throat, mouth, and nostrils, and replace it by fresh. Then take
the dimensions Irom the point of the bill to the end of the tail, from
the tip of one wing to that of the otlier, when both are extended, and
from the tip of the wing to the first or carpal joint, as already
indicated.

This being done, make an incision through the skin only, from the
lower end of the breast bone to the anus. Should the intestines pro-
trude in small specimens, they had better be extracted, great care
being taken not to soil the feathers. Now proceed carefully to sepa-
rate the skin on each side from the subjacent parts, until you reach
the knee and expose the thigh; wlien, taking the leg in one hand,
push or thrust the knee u[)on the abdomen, and loosen the skin around

Cruinplt'd or hent (eathtrs may liave much of their elasticity and original shape resloied
by dipjiiiifr in iiot water.

IGs
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it until you can place the scissors or knife underneath, and separate

the joint with the accompanying muscles. Place a little cotton be-

tween the skin and the body to prevent adhesion. Loosen the skin

about the base of the tail, and cut through the vertebras at the last

joint, taking care not to sever the bases of the quills. Suspend the

body by inserting the hook into the lower part of the back or rump, and

invert the skin, loosening it carefully from the body. On reaching the

wino-s, which had better be relaxed previously by stretching and pull-

ing, loosen the skin from around the first bone, and cut through the

middle of it, or, if the bird be small enough, separate it from the next

at the elbow. Continue the inversion of the skin by drawing it over

the neck, until the skull is exposed. Arrived at this point, detach

the delicate membrane of the ear from its cavity in the skull, if pos-

sible, without cutting or tearing it ; then, by means of the thumb-

nails, loosen the adhesion of the skin to the other parts of the head,

until you come to the very base of the mandibles, taking care to cut

through the white nictitating membrane of the eye, when exposed,

without lacerating the ball. Scoop out the eyes, and by making one

cut on each side of the head, through the small bone connecting the

base of the lower jaw with the skull, another through the roof of the

mouth at the base of the upper mandible, and between the jaws of the

lower, and a fourth through the skull behind the orbits, and parallel

to the roof of the mouth, you will have freed the skull from all the

accompanying brain and muscle. Should anything still adhere, it

may be removed separately. In making the first two cuts care must

be taken not to injure or h-evev the zygoma, a small bone extending

from the base of the upper mandible to the base of the lower jaw-bone.

Clean off every particle of muscle and fat from the head and neck,

and, applying the preservative abundantly to the skull, inside and

out, as well as to the skin, restore these parts to their natural posi-

tion. In all the preceding oj)erations the skin should be handled as

near the point of adhesion as possible, especial care being taken not

to stretch it.

Finely powdered plaster of Paris, chalk, or whiting, may be used

to great advantage by sprinkling on the exposed surface of the car-

cass and inside of skin to absorb the grease and blood.

The next operation is to connect the two wings inside of the skin

by means of a string, which should be passed between the lower ends

of the two bones forming the forearm, previously, however, cutting

off the stump of the arm, if still adhering at the elbow. Tie the two

ends of the strings so that the wings shall be kept at the same dis-

tance apart as when attached to the body. Skin the leg down to the

scaly part, or tarsus, and remove all the muscle. Apply the arsenic

to the bone and skin, and, wrapping cotton round the bone, pull it

back to its place. Remove all the muscle and fat which may adhere

to the base of the tail or the skin, and i)ut on plenty of the preserva-

tive wherever this can be done. Lilt up the wing, and remove the

mu?cle from the forearm by making an incision along it, or in many
cases the two joints may be exposed by carefully slipping down tiie

skin towards the wrist-joint, the adhesion of the quills to the bone

being loosened.
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The bird is now to be restored to something like its natural shape

by means of a filling of cotton or tow. Begin by opening tlie mouth
and putting cotton into the orbits and u])per part of the throat, until

these parts have tlieir natural sha[)e. Next take tow or cotton, and,
after making a roll rather less in thickness than the original neck,

put it into the skin, and push firmly into the base cf the skull. By
means of this you can reduce or contract the neck if too much stretched.

Fill the body with cotton, not quite to its original dimensions, and
sew up the incision in the skin, commencing at the upi)er end, and
passing the needle from the inside outwards; tie the legs and mandi-
bles together, adjust the feathers, and, after preparing a cylinder of

paper the size of the bird, push the skin into it so as to bind the wings
closely to the sides. The cotton may be put in loosely, or a body the

size of the original made by wrapping with threads. If the bird have
long legs and neck, these had better be iblded down over the body,
and allowed to dry in that position. Economy of space is a great

object in keeping skins, and such birds as herons, geese, swans, &c.,

occupy too much room M'hen outstretched.

In some instances, as among ducks, Avoodpeckers, &c., the head i's^

so large that the skin of the neck cannot be drawn over it. In such,

cases, skin the neck down to the base of the skull, and cut it off there.

Then draw the head out again, and, making an incision on the cut--

side, down the back of the skull, skin the head. Be careful not to.

make too long a cut, and to sew up the incision again.

The sex of the specimen may be ascertained after skinning, by
making an incision in the side near the vertebrae, and exposing the

inside surface of the ''small of the back." The generative organs.,

will be found tightly bound to this region, (nearly opposite to the last,

ribs,) and separating it from the intestines. The testicles of the male •

will be observed as two spheroidal or ellipsoidal whitish bodies^ vary-

ing with the season and species, from the size of a pin's head to that

.

of a hazel-nut. The ovaries of the female, consisting of a flattened

mass of s[)heres, variable in size with the season, will be found in the

same region.

For transportation, each skin of mammals, as well .as of birds.^

should, when possible, be wrapped in paper.

2. MAMMALi?.

The mode of preparing mammals is precisely the same as for birds,
in all its general features. Care should be taken not to make too
large an incision along the abdomen. The priucipal difficulty will be
experienced in skinning the tail. To effect this, pass the slipknot of
a piece of strong twine over the severed end of the tail, and, fasten-
ing the vertebrfe firmly to some support, pull the twine towards the
tip until the skin is forced off. Should tlie animal be large, and an
abundance of preservative not at hand, the skin had better remain
inverted. In all cases it should be thoroughly and rapidly dried.

The tails of some mammalia cannot be skinned as directed above.
This is particularly the case with beavers, opossums, and those species
which use their tail for prehension or locomotion. Here the tail is
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usually supplied with numerous tendinous muscles, which require it

to he skinned hy making a cut along tlie lower surface or right side,

nraily I'oni one end to the other, and removing the bone and flesh.

It sht)uld then he sewed up again, after previous stuffing.

For the continued preservation of hair or fur of animals against

the attacks of moths and other destructive insects, it will he neces-

sary to soak the skins in a solution of corrosive suhlimate in alcohol

or whiskey, allowing them to remain from one day to several weeks,
according to the size. After removal, the hair must he thoroughly
'washed or rinsed in clean water, to lemove as much as possible of

the sublimate; otherwise, exposure to light will bleach all the colors.

Finely ])Owdered green vitiiol, or copperas, sprinkled on either hair

or feathers will have an excellent effect in keeping out moths. Cover-

ing with tobacco leaves will also answer the same end.

In some instances, large skins may he preserved by heing salted

down in casks.

3. REPTILES.

~The larger lizards, such as those exceeding twelve or eighteen

inches in length, may be skinned according to the principles above

mentioned, although preservation in spirit, when possible, is preleia-

ble for all reptiles.

Large frogs and salamanders may likewise he skinned, although

cases where this will be advisable are very rare.

Turiles and large snakes will require this operation.

To one accustomed to the skinning of birds, the skinning of frogs

or other reptiles will present no difficulties.

The skinning of a snake is still easier. Open the mouth and sepa-

krate the skull from the vertebral column, detaching all surrounding

mufcles adherent to the skin. Next, tie a string round the stump of

the neck thus exposed, and, holding on by this, strip the skin down

to the extremity of tne tail. The skin thus inverted should be restored

to its proper state, and then ])ut in spirit or stutied, as convenient,

bkins of re])tiles ujay be stuffed with either sand or sawdust, by the

use of which their shape in more easily restored.

Turtles and tortoise are more difficult to prepare in this way,

although their skinning can he done quite rajudiy. "The breastplate

must be sei)arated by a knife or saw from the back, and, when the

viscera and fleshy jiarts have been removed, restored to its j)osition.

T.he skin of the head and neck must be turned inside out, as far as

the heail, and the vertebrre ami flesh of the neck should be <letacheil

from the head, which, after being freed from the flesh, the brain, and

the tongue, may be preserved with the skin of the neck. In skin-

ninii: the legs and the tail, the skin must be turned inside out, and,

the flesh having been removed from the bones, they are to be returned

to their places by redrawing the skin over them, flrst winding a little

cotton or tow around the bones to prevent the skin adhering to them

when ir, dries."— IticUAUD OwE.v.

Anotlier way of pieparing these reptiles is as follows : Make two

incisions, one from the anterior end of the breastplate to the sym-
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physis of the lower jaw, and another from tlie posterior end of the

breastplate to the vent or tip of the tail; skin oif these regiojis and
remove all fleshy parts and viscera without touching the breat[)late

itself. Apply preservative, stuff, and sew up again both incisions.

" When turtles, tortoises, crocodiles, or alligators, are too large to

be preserved whole in liquor, some parts, as the head, the whole vis-

cera stripped down from the neck to the vent, and the cloaca, should
be put into spirits or solution."—R. Owen.

4. FISHES.

As a general rule, fishes, when not too large, are best preserved

entire in spirits.

Nevertheless, they may be usefully skinned and form collections,

the value of which is not generally appreciated. In many cases, too,

when spirits or solutions cannot be procured, a fish may be preserved

which would otherwise be lost.

There are two modes of taking the skin of a fish : 1. The whole
animal can be skinned and stuffed like a bird, mammal, or reptile.

2. One-half of the fish can be skinned, and nevertheless its natural

form preserved.

Sharks, skates, stwgeons, garpikes or garfishes, mudfishes and all

those belonging to the natural orders of Placoids and Ganoids, should

undergo the same process as given above for birds, mammals, and
reptiles. An incision should be made along the right side, the left

always remaining intact, or along the belly. The skin is next re-

moved from the flesh, the fins cut at their bases under the skin, and
the latter inverted until the base of the skull is exposed. The inner

cavity of the head shoidd be cleaned, an application of preservative

made, and the whole, after being stuffed in the ordinary way, sewed
up again. Fins may be expanded when wet, on a piece of stiff" paper,

which will keep them sufficiently stretched for the purpose. A var-

nish may be passed over the whole body and fins, to preserve some-
what the color.

In the case of Ctenoids, perches, and allied genera, and Cycloids,

trouts, suckers, and allied genera, one half of the fish may be skinned

and preserved. To effect this, lay the fish on a table with the left

side up; the one it is intended to preserve. Spread out the fins by
putting underneath each a piece of paper, to which it will adhere on
drying. When the fins are dried, turn the fish over, cut with scissors

or a knife all around the body, a little within the dorsal and ventral

lines, from the upper and posterior part of the head, along the back

to the tail, across the base of the caudal fin down, and thence along

the belly to the lower pgirt of the head again. The dorsal, caudal,

and anal fins, cut below their articulations. This done, separate the

whole of the body from the left side of the skin, commencing at the

tail. When near the head, cut off the body with the right ventral

and pectoral fins, and proceed by making a section of the head and
removing nearly the half of it. Clean the inside, and pull out the

left eye, leaving only the cornea and pupil. Cut a circular piece of

black paper of the size of the orbit and place it close to the pupiL
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Apply the preservative
; fill the head with cotton as well as the body.

Turn over the skin and fix it on a board prepared for that purpose.
Pin or tack it down at the base of the fins. Have several narrow
bands of paper to place across the body in order to give it a natural
form, and let it dry. The skins may be taken off the board or re-

main fixed to it, when sent to their destination, where they should be
placed on suitable boards of proper size, for permanent preservation.
Such a collection of well prepared fishes will be useful to the practi-

cal naturalist, and illustrate, in a more complete matter, to the public,
the diversified forms and characters of the class of fishes which speci-

mens preserved in alcohol do not so readily show.
These skins may also be preserved.in alcohol.

§ IV. PRESERVING IN LIQUIDS, AND BY OTHER MODES
BESIDES SKINNING.

1. GENERAL REMARKS.

The best material for preserving animals of moderate size is alcohol.
When spirits cannot be obtained, the following substitutes may be
used :

I. Goadby's Solution.—A. The aluminous fluid, composed of rock-
salt, 4 ounces; alum, 2 ounces; corrosive sublimate, 4 grains; boiling
water, 2 quarts. B. The saline solution, composed of rock-salt, 8
ounces; corrosive sublimate, 2 grains; boiling water, 1 quart. To be
well stirred, strained, and cooled.

II. A strong brine, to be used as hereafter indicated for Goadby's
solution.

III. In extreme cases, dry salt may be used, and the specimens
salted down like herring, &c.
The alcohol, when of the ordinary strength, may be diluted with

one-fifth of water, unless it is necessary to crowd the specimens very
much The fourth proof whiskey of the distillery, or the high wines,
constituting an alcohol of about 60 per cent., will be found best suited
for collections made at permanent stations and for the museum. Lower
proofs of rum or whiskey will also answer, but the specimen must not
be crowded at all.

To use Goadby's solution, the animal should first be macerated for

a few hours in fresh water, to which about half its volume of the con-
centrated solution may then be added. After soaking thus for some
days, the specimens may be transferred to fresh concentrated solution.

"When the aluminous fluid is used to preserve vertebrate animals, these
should not remain in it for more than a ^inv^ days; after this they are
to be soaked in fresh water^ and transferred to the saline solution. An
immersion of some weeks in the aluminous fluid will cause a destruction
of the bones. Specimens must be kept submerged in these fluids. The
success of the operation will depend very much upon the use of a weak
solution in the first instance, and a change to the saturated fluid by
one or two intermediate steps.

The collector should have a small keg, jar, tin box, or other suitable

vessel, partially filled with liquor, into which specimens may be thrown
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(alive if possible) as collected. The entrance of the spirit into the

cavities of the body should be facilitated by opening the mouth,

making a small incision in the abdomen u half or one incb long, of

by injecting the liquor into the intestines through the anus, by means

of a small syringe. After the animal has soaked for some weeks in

this liquor, it should bo transferred to fresh. Care should be taken

not to crowd tlie specimens too much. When it is impossible to transfer

specimens to fresh spirits irom time to time, the strongest alcohol

should be originally used.

To pack the specimens for transportation, procure a small keg,

which has been i)roperly swelled, by allowing water to stand in it for

a day or two, and from this extract the head by knocking off the upper

hoops. Great care must be taken to make such marks on the hoops and

head, as will assist in their being rejdaced in precisely the same relative

position to each other and the keg that they originally held. At the

bottom of the keg place a layer of tow or rags, moistened in liquor,

then one of specimens, then another of tow and another of specimens,

and so on alternately until the keg is entirely filled, exclusive of the

spirit. Replace the head, drive down the hoops, and fill completely

with spirits by pouring through the bung-hole. Allow it to stand at

least half an hour, and then supplying the deficiency of the liquor,

insert the bung and fasten it securely. An oyster-can or other tin

vessel may be used to great advantage, in which case the aperture

should be soldered up and the vessel inclosed in a box. A glass jar or

bottle may also be employed, but there is always a risk of breaking

and leaking. In the absence of tow, or rags, chopped straw, fine

shavings, or dry grass may be substituted.

It will conduce greatly to the perfect preservation of the specimens,

during transportation, if each one is wrapped up in cotton cloth, or

even paper. A number of smaller specimens may be rolled succes-

sively in the same wrapper. In this way friction, and the consequent

destruction of scales, fins, &c., will be prevented almost entirely.

The travelling bags, already described, will answer the same purpose.

Should the specimens to be packed vary in size, the largest should

be placed at the bottom. If the disproportion be very great, the deli-

cate objects at the top must be separated from those below, by means

of some immovable partition, which, in the event of the vessel being

inverted, will prevent crushing. The most imperative rule, however,

in packing, is to have the vessel perfectly full, any vacancy exposing

the whole to the risk of loss.

It is sometimes necessary to guard against the theft of the spirit em-

ployed, by individuals who will not be deterred from drin'ang it by

the presence of reptiles, &c. This may be done by adding a small

quantity of tartar emetic, ipecacuanha, quassia, or some other disa-

greeable substance. Tlie addition of corrosive sublimate will add to

the preservative power of the spirit.

2. VERTEBRATA.

Fishes under five or six inches in length need not have the abdom-

inal incision. Specimens with the scales and fins perfect should be

selected, and, if convenient, stitched,, pinned, or wrapped in bits of



218 NATURAL HISTORY.

muslin, &c., to preserve the scales. In general, fishes, under twelve
or fifteen inches in length should be chosen. The skins of larger ones
may be put in liquor. It is important to collect even the smallest.
The same princii)les apply to the other vertebrata.

The smallest and must delicate specimens may be placed in bottles

or vials, and packed in the larger vessels with the other specimens.

3. INVERTEBRATA.

Insects, Bugs, &c.—The harder kinds may be put in liquor, as
above, but the vessel or bottle should not be very large. Butterflies,

wasps, flies, &c., may be pinned in boxes, or packed in layers with
soil paper or cotton. Minute species should be carefully sought under
stones, bark, dung, or flowers, or swept with a small net from grass
or leaves. The}'- may be put in quills, small cones of paper, or in

glass vials. They can be readily killed by immersing the bottles, (fee,

in which they are collected, in hot water, or exposing them to the
vapor of ether.

When possible, a number of oz. or 2 oz. vials, with very wide mouths,
well stopped by corks, should be procured, in which to place the more
delicate invertebrata, as small Crustacea, worms, mollusca^ &c.

It will frequently be found convenient to preserve or transport in-

sects pinned down in boxes. The bottoms of these are best lined with
cork or soft wood. The accompanying figures will explain, better

than any description, the particular part of different kinds of insects

through which the pin is to be thrust: beetles being pinned through
the right wing-cover or elytra; all others through the middle of the
thorax.

The traveller will find it very convenient to carry about him a vial

having a broad mouth, closed by a tight cork. In this should be con-
tained a piece of camphor, or, still better, a sponge soaked in ether,

to kill the insects collected. From this the specimens should be trans-

ferred to other bottles. They may, if not hairy, be killed by immers-
ing directly in alcohol.

The camphor should always be fixed in the box containing insects,

as it would break the feet and antennae of the latter if in a loose and
crystalline state. It may be kept in a piece of muslin or canvass, and
then pinned at the bottom of the box.

Sea-urchins and starfishes may also be dried, after having been pre-

viously immersed for a minute or two in boiling water, and packed up
in cotton, or any soft material which may be at hand.
The hard parts of coral and shells of mollusca may also be pre-

served in a dried state. The soft parts are removed by immersing
the animals for a minute or two in hot water, and washing clean after-

wards. The valves of bivalve shells should be brought together by
a string.

Wingless insects, such as spiders, scorpions, centipedes or thousand-
legs, earth-worms, hair-worms, and generally all worm-like animals
found in the water, should be preserved in alcoholic liquor, and in

small bottles or vials.
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§ V. EMBRYOS.

Much of the future ])ro<^resa of zoology will depend upon the extent

and variety of the collections which may he made of the emhryos and

foetuses of animals. No opportunity should be omitted to procure

these and preserve them in spirits. All stages of development are

equally interesting, and complete series for the same species would be

of the highest importance. Whenever any female mammal is killed,

the uterus should be examined for embryos. Wiien eggs of birds,

reptiles, or fish are emptied of their young, these should be preserved.

It will be sufficiently evident that groat care is required to label the

specimens, as in most cases it will be impossible to determine the

species from the zoological characters.

§ VI. NESTS AND EGGS.

Nothing forms a more attractive feature in a museum, oris more

acceptable to amateurs, than the nests and eggs of birds. These

should be collected whenever they are met with, and in any amount

procurable for each species, as they are always in demand for purposes

of exchange. Hundreds of eggs of any species with their nests (or

without, when not to be had) will be gladly received.

Nests require little preparation beyond packing so as to be secure

from crumbling or injury. The eggs of each nest, when emptied,

may be replaced in it and the remaining space filled with cotton.

Eggs, when fresh, and before the chick has formed, may be emptied

by making a small pin-hole at each end, and blowing or sucking out

the contents. Should hatching have already commenced, an aperture

may be made in one side by carefully pricking with a fine needle

round a small circle or ellipse, and thus cutting out a piece. The

larger kinds should be well washed inside, and all allowed to dry be-

fore packing away. If the egg be too small ior the name, a number

should be marked with ink corresponding to a memorandum list.

Little precaution is required in packing, beyond arranging in layers-

with cotton and having the box entirely filled.

The eggs of reptiles, provided with a calcareous shell, can be pre-

pared in a similar way.

The eggs of fishes, salamanders, and frogs may be preserved in

spirits, and kept in small vials or bottles. A label should never be

omitted.

§ VII. SKELETONIZING.

Skulls of animals may be prepared by boiling in water for a few

hours. A little potash or lye added will facilitate the removal of

the flesh.

Skeletons may he roughly prepared by skinning the animal and

removing all the viscera, together with as much of the fle^^h as possi-

.ble. The bones should then be exposed to the sun or air until com-

pletely dried. Previously, however, the brain of large animals should

be removed by separating the skull Irom the spine, and extracting
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the contents through the large hole in the back of the head. In case

it becomes necessary to diisjoint a skeleton, care should be taken to

attach a common mark to all the pieces, especially when more than

one individual is packed in the same box.

Skulls and skeletons may frequently be picked up already cleaned

by other animals or exposure to weather. By placing small animals
near an ant's nest, or in water occupied by tadpoles, or small Crus-

tacea, very beautiful skeletons may often be obtained. The sea-beach

fsometimes affords rich treasures in the remains of porpoises, whales,

large fishes, as sharks, and other aquatic species.

§ VIII. PLANTS.

The collector of plants requires but little apparatus ; a few quires

or reams of unsized paper, of folio size, will furnish all that will be

needed. The specimens, as gathered, may be placed in a tin box, or,

still better, in a portfolio of paper, until reaching home. About forty

or fifty sheets of the paper should be ])ut into the portfolio on setting

out on an excursion. Put the specimens of each species in a sepa-

rate sheet as fast as gathered from the plant, taking a fresh sheet for

each additional species. On returning to camp place these sheets

(without changing or disturbing the plants) between the absorbent

drying papers in the press, and draw the straps tight enough to pro-

duce the requisite pressure. The next day the driers may be changed,

^nd those previously used laid in the sun to dry; this to be continued

until the plants are perfectly dry. If paper and opportunities of

transportation be limited, several specimens from the same locality

may be combined in the same sheet after they are dry.

Place in each sheet a slip of paper having a number or name of

locality written on it corresponding with a list kept in a memorandum
book. Record the day of the month, locality, size, and character of

the plant, color of flower, fruit, &c.

If the stem is too long, double it or cut it in two lengths. Collect,

if possible, half a dozen specimens of each kind. In the small speci-

mens collect the entire plant, so as to show the root.

In many instances old newspapers will be found to answer a good
purpose both in drying and in keeping plants, although the unprinted

paper is best—the more porous and absorbent the better.

When not travelling pressure may be most conveniently applied

to plants by placing them between two boards, with a weight of about

fifty pounds laid on the top.

Wliile on a march the following directions for collecting plants,

drawn uj) by Major Rich, are recommended :

Have thick cartridge, or envelop paper, folded in quarlo form, and
kept close and even by binding Avith strong cord ;

newspapers will

-answer, but are liable to chafe and wear out ; a few are very convenient

to mix in with the hard paper as dryers. This herbarium may be

rolled up in the blanket while travelling, and placed on a pack-animal.

The specimens collected along the road may be kept in the crown of

the hat when without a collecting box, and placed in paper at noon

or at night. Great care should be taken to keep the papers dry and
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free from mould. When there is not time at noon to dry the papers

in the sun they should he dried at night hy the fire, when, also, the

dried specimens are placed at the hottom of the hundle, making room

on top for the next day's collection. A tin collecting box is very

necessary; plants maybe preserved for two or three days in one if

kept damp and cool.
'
It is also convenient in collecting land shells,

which is generally considered part of a botanist's duty. A collector

should also always be provided with plenty of ready made seed papers^

not only for preserving seeds, but mosses and minute plants. Many
seeds and i'ruits cannot be put in the herbarium, particularly if of a

succulent nature, causing mouldiness, ard others iorm irregularities

and inequalities in the papers, thus breaking specimens and causing

email ones and seeds to drop out. Fruits of this kind should be

numbered to correspond with the specimen, and kept in the saddle-

bag, or some such place. It is necessary, in order to make good

specimens, to avoid heavy pressure and keep the papers well dried,

otherwise they get mouldy, turn black, or decay.

The seeds and i'ruits of' plants should be procured whenever prac-

ticable, and slowly dried. These will often serve to reproduce a

species, otherwise not transportable or capable of preservation.

On board ship it is all-important to keep the collections from get-

ting wet with salt water. The papers can generally be dried at the

galley. The whole herbarium should be exposed to the sun as often

as possible, and frequently examined, and the mould brushed off with

a feather or camel-hair pencil.

Jn collecting alga?, corallines, or the branched, horny, or calcareous

corals, care should be taken to bring away the entire specimen with

its base or root. The coarser kinds may be dried in the air, (but not

exposed to too powerful a sun,) turning them from time to time.

These should not be washed in fresh water, if to be sent any distance.

The more delicate species should be brought home in salt water, and

washed carefully in fresh, then trantferred to a shallow basin of clean

fresh water, and floated out. A piece of white paper of proper sjze

is then slipped underneath, and raised gently out of the water with

the specimen on its proper surface. After finally adjusting the

branches with a sharp point or brush, the different sheets of specimens

are to be arranged between blotters of bibulous paper and cotton

cloth, and subjected to gentle pressure. These blotters must be fre-

quently changed till the specimens are dry.

§IX. MINERALS AND FOSSILS.

The collections in mineralogy and pala3ontology are, amongst all,

those which are most easily made; whilst, on the other hand, their

weight, especially when on a march, will prevent their being gathered

on an extensive scale.

All the preparation usually needed for preserving minerals^ and

fossils consists in wrapping the specimens separately in paper, with a

.label inside for the locality, and packing so as to prevent rubbing.

Crumbling fossils may be soaked to advantage in a solution of glue.

Fossils of all kinds should be collected. Minerals and samples of
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rocks are also desirable. The latter should be properly selected, and
cut to five by three inches of surface and one to two inches thick.

The vertebrate fossils of North Ameiica are of the highest interest

to naturalists. These are found 'n fjreat abundance in those portions
known as "Mauvaises Terres," or ''Bad Lands," and occurring along
the Missouri and its tributaries, White River, Milk River, Platte, Eau
qui Court, &c. The banks and beds of these and other streams like-

wise contain rich treasures of fossil bones. Similar remains are to

be looked for in all caves, peat bogs, alluvial soil, marl pits, fissures

in rocks, and other localities throughout North America.
The floor of any cavern, if dug up and carefully examined, will

generally be found to contain teeth, bones, &c. These, however simi-

lar in appearance to recent or domesticated species, should be care-

fully preserved.

Specimens ought to be tightly packed up in boxes, taking care that
each one is wrapped up separately, in order that the angles or crystal-

line surfaces should not be destroyed by transportation ; their value
depending upon their good condition. The same precautions will be
required for corals. The interstices between the specimens in the
box or cask may be occupied by sawdust, sand, shavings, hay, cotton,

or other soft substance. It is absolutely essential that no cavity bo
left in the vessel or box.

§ X. MINUTE MICROSCOPIC ORGANISMS.

It is very desirable to procure specimens, from many localities, of

the various forms of microscopic animals and plants, not only on ac-

count of their intrinsic interest, but for their relation to important
general questions in physical and natural science. These will almost
always be found to occur in the following localities

:

1. In all light colored clays or earths, as found in peat bogs, mea-
dows, soils, &c., particularly when these are remarkably light.

2. In the mud from the bottom of lakes and pools. A small hand-
ful of this mud or of the confervoid vegetation on the bottom, if diied
ivithout squeczmg, will retain the Diatomacea^ and DesraidiesB.

3. In the mud (dried) from the bottom and along the margins of
streams in any locality. The muds from brackish and from fresh

waters will differ in thoir contents.

4. In soil from the banks of streams. The surface and subsoils

should both be collected.

5. In the soundings brought up from the bottom of the sea or

lakes. These should be collected from the greatest })ossihle dej)ths.

If an armature be used to the lead, it should be of soap rather than
fatty matter, as being more readily removed from the organisms. The
mud which adheres to anchors, to rocks, &c., below Idgh water mark,
as well as below loio water, should also be carefully gathered,

G. In bunches of damp moss irom rocks, roofs of houses, trees,

about pumps, &c.
7. In the de))osits in the gutters and spouting of roofs of houses.

8. In the dust which at sea collects upon the sails or decks of vessels.

"When not in sufficient quantity to be scraj)ed off, enough may be ob-
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tained for examination by rubbing a piece of soft clean paper over the

Burtkce aflt'Cted.

Specimens of all these substances should be gathered, and, when
moist, dried tvilhout squeezing. The quantity may vary from a few

grains to an ounce, de[)ending on the mode of transportation to be

adopted. Eoertj specimen, as collected, should have the dale, locality

,

def)fh below the sicr/ace, collector, dec, marked imniediatelij upon the

envelope.

It is also very important to collect filterings from river, brackish,

and sea waters. To do this, take a circular piece of fine chemical

filtering paper, six inches, or thereabouts, in diameter, (the patent

blotting paper will answer if the other cannot be procured,) and weigh
it caretLilly in a delicate balance. Pass a quantity of the water, vary-

ing witli its turbidity^ from a pint to a gill, through the paper, and
allow this to dry. Mark the pai)er or its envelope with the original

weight of the paper, the amount of water passed through, date, place,

&c. It is-desirable to have specimens thus prepared for every locality

and for every month in the year. They may be sent, as well as light

packages of dried muds, &c., by mail, and should be transmitted as

epeedily as possible.

When the water of lakes and ponds has been rendered turbid by
minute green or brown specks, these should be gathered by filtration

through ])aper or rag, which may then be dried, or, still better, have
this matter scraped ofi" into a small vial of alcohol.

ON THE FISHES OF NEW YORK.

BY THEODORE GILL, ESQ.

New York, April 14, 1856.

The Secretary of the Smithsonian Institution.

SipT: Learning that you were collecting facts in behalf of the

Smithsonian Institution with regard to the geogra|)hical distribu-

tion, habits, ifec, of the various animals of North America, a short

time since I tendered my services to you, through my friend, Mr.

John Gr. Bell, and offered to prepare for you a brief list of the fishes

observed by me in the markets of the city of New York. This offer

Mr. Bell has informed me you were pleased to accept; and I have
therefore drawn up such a catalogue, which I now forward to you.

For u)ore than a year I have, with the exception of one or two in-

terru[ttions of shctrt dutaiion, visited Fulton market at least twice a

week, and occasionally Washington market.

As it is intere^*titlg to know Nomething respecting the localities in

which the observations recorded were made, although in this case not

important, a shoit account is given of the two chief places which have
been the theatres of my labors.
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Fulton market is the chief wholesale fish mart of the city. The
general place of traffic occupies the whole block bounded on the north
by Beekman street, south by Fulton street, east by South street, and
on the west by Front street. The stalls at which fish are sold by re-

tail are situated on an elevated platform, along the north side of the
general market, with the stands on both sides of a walk of moderate
width. The wholesale fish market is separated from the chief market
by South street, and consists of mere sheds, which front on South
street, and are on the rear bounded by the East river. Here the
staple fish are principally sold—cod, flounders, porgies, sea bass, &c.

—

while those that are only occasionally brought to the city—the exotic

fishes, if I may so call them—are sold in tlie retail Fulton, and oftener

in Washington market. In the rear of these sheds are also moored
the vessels^ called wells, containing the living cod, which are takeri

from them as occasion requires.

Washington market is situated on a corresponding block on the
opposite or western side of the city, and, like the other, fronts on the
south on Fulton street. A greater variety appears to be brought to

this than the other market, and I have here seen most of the rarer

species that are mentioned in my catalogue.

My visits to this market were commenced with the intention of in-

vestigating and recording the time of arrival and disappearance of

the fishes most useful as food to man, as I was persuaded that the
earliest visitors are waited for with impatience, and as soon as they
arrive in our waters they are for sale, because they bring a higher
price than they do in the season of greatest plenty. Their compara-
tive abundance and other facts connected with their economical his-

tory could also be best learned here.

You will notice that I mention in my catalogue seventy-nine species

in fifty-six genera and twenty families, all of which I have myself
seen. I have made mention of none that have not come under my
own observation ; and this accounts for the absence from my list of

species noticed by Dr. DeKay, and others, as being occasionally

brought to the New York markets.

I have here discovered some fishes that I little expected to find sold

as food, while others that I have thought to see have not yet come
under my notice. These deficiencies are mostly included in the fam-
ilies of Scombridie and Clupidas. The great variety of species has sur-

prised me. The number seen by Tuyself nearly equals the whole
number described by Dr. Storer in his report of 1839 on the fishes of

Massachusetts. All of these species are occasionally found in the

waters of the State of New York, and most of them are common here.

I have only walked leisurely through the market in i],e morning,
and have nt)t especially sought for rarities, anil probably several

species have been exposed for sale that have escaped my notice.

Ko new species, unless, perhaps, one of Pomoxis, have been seen by
me. All have been descril)ed by Dr. DeKay, in his Zoology of New-

York, except the Pomoxis Esox nobilior, Th., and the Labrus appen-

dix of Dr. Mitchell, which DeKay did not describe from personal

observation, but merely abstracted the notice of it given by Dr. Mit-

chell in the second volume of the American Monthly Magazine (1818),
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and transferred it to its proper genus Pomotis. I have found it to be

quite common here during the cokler months of the year.

It is a very difficult matter to obtain any satisfactory information

respecting the h)calities in and the circumstance under which the

various fishes are caught. The dealers of the markets purchase the

fishes from others. The true fishermen, whose business is restricted

to the catching of them, and having but little of that intelligent

curiosity which would lead them to inquire into the habits and the

peculiarities of the animals which they make it their employment

to buy and sell, do not ask any questions concerning them, and

cannot therefore dispense any knowledge to others ;
with them it is

sufficient to know in what State or on what coast the fish is caught,

and even in this respect we cannot be certain that the information is

always correct. The exact locality is rarely known. I have therefore

seldom particularized the places in which they are caught.
_

My observations do not always agree in all respects with the re-

marks made by the author of the New York Fauna respecting the

appearance and departure of the migratory fishes occurring on the

coast of this State.

For the sake of convenience the classification, and generally the

nomenclature used by Dr. DeKay in his New York Fauna, is adopted.

In those cases where the species noticed are placed in different genera

from those to which they were referred by their original describers, I

have enclosed the name of the author of the specific name in paren-

theses, and that of the naturalist who transferred it to the genus

adopted in the catalogue after it in open space. For convenience of

reference, I have mentioned the pages where the species are described

in Dr. DeKay's New York Fauna.

I am fully aware of the imperfectness of this catalogue, and had

hoped to have made a more full one, but various causes have deterred

at present. I may, perhaps, at some future time, make out a more

complete and extended list, in the hope, however, that this will prove

of some small service to you.

DSSCRIPTIVE LIST OF FISHES OF THE NEW YORK MARKET.

PERCIDAE, Cuv.

1. Perca Flavescens (Mit.) Cuv. and Vol.

DeKay, N. Y. Fauna, p. 3, fig. 1.

The yellow perch is sent to the markets in considerable numbers

and quite regularly from the beginning of September till the end of

April. It is sold at from eight to ten cents per pound.

This species, as far as I can learn, is not very abundant in any of

the streams in the vicinity of this city.

2. Labrax lineatus, (Block) Cuv. and Vol.

DeKay, N. Y. Fauna, p. 7, fig. 3.

The striped bass is common with us during the whole year, but is

"brought to market in finer condition, as well as in larger quantities,

in the winter and earlier spring months ; I have then seen individuals
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weighinc^ as much as seventy pounds. In April, young fishes, measur-

ing from two to lour inches, are also broujijht, which have several

narrow, indistinct, transverse bands, as described in the notice of the

fishes of Beesley's Point.

I have seen a specimen that I considered as only a variety of this

species, agreeing in its maiking with the L. n itatus of !Sir John
Richardson, as noticed by Dr. DeKay. In form and. every other

particular it resembled the common bass.

The striped bass is one of the most esteemed fishes found in our

waters, and sells readily at from ten to twelve cents a pound, and it

occasionally biings even eighteen cents. It is sent to market in con-

siderable numbers from the shores of Long Island, and many are also

caught on the New Jersey side of New York bay^ a short distance

below Jersey city.

3. Labrax rufus, {Mlt.,) DeKay.

DeKay, N. Y. Fauna, p. 9, fig. 7.

This species is found in our markets from the first of September till

as late as the end of June, but in the greatest numbers in the early

spring. The average size is less than ten inches long. It is sold at

from six to eight cents, and occasionally at ten cents per poimd.

This fish is generally known to the fisherman under the simple

name of "Perch;" the Perca flavescens being distinguished as the

'' Yellow Perch."
Fishes are occasionally brought which are a shade lighter in their

color than the general color of this species, but they agree in every

other respect, even to the most minute points, with the L. rufus.

4. LucioPERCA Americana, {Cuv. and Val.)

DeKay, N. Y. Fauna, p. 17, fig. 163.

This percoid is occasionally sent to our markets from the first of

Se])tember till towards the middle of spring. It is called by the

fishermen " Lake Pike," and by some " Matsknlonge."

This and many other species found in the interior of the State of

New York, are j)acked in saw dust and sent to this city by express. I

am informed that most of them are caught in the small lakes of cen-

tral New York, Cayuga, &c.

5. Serranus erytiirogaster, DeKay.

DeKay, N. Y. Fauna, pi 21, fig. 52.

This species is sometimes sent to our maiket from Key West and
the reefs of Florida in May and the summer months. I have never

seen more than two or three exposed for sale at a single time. It a[)-

pears to be considerably esteemed and is sold at from twelve to fifteen

cents per pound.
This fisli is generally called by the fishermen "red snapper." I

have been told by them that it takes the hook in the same manner as

the Black tish, {Tautoga a^uencana,) and that it otherwise resenihles

that labroid in its hahits. lluw much reliance is to be placed on this

information I do not know.
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6. Centropristes nigricans, (Block) Cuv. and Vol.

DeKay, N. Y. Fauna, p. 24, fig. 6.

This fisli is generally known by our citizens as the "sea bass."
It is first brought to market towards the latter part of April or the
beginning of May, and continues to be exposed for sale till the mid-
dle of October. A very iew are brought to the end of that month
and even later, but none are to be seen in winter. It is a delicious
fish, but being very common does not s^U for more than eight to
twelve cents per pound.

7. Grystes fasciatus, {Les.) Agassiz.

HuRO NIGRICANS, Cuv. and Val. DeKay, N. Y. Fauna, p. 15, fig.

224. Centrarcuus fasciatus, ib. p. 28, fig. 8.

The black bass is rather common—more so than any other of the
lacustrine species—in our markets during the milder parts of winter
and the first half of spring. I have been informed that they are
sent from Lakes Erie and Ontario, as well as Lake Cayuga, and that
a few are caught in the Hudson river, where they have been intro-
duced since the opening of the great Erie canal. They appear to be
much esteemed by our citizens and are generally sold at twelve cents
per pound. They are called by our fishermen " lake bass."

8. Ambloplites ^neus, {Les.) Agassiz,

Centrarchus J3NEUS, Cuv. and Val., DeKay, N. Y. Fauna, p. 27, fig. 4.

This species had not, as late as last fall, received any popular name
from the fisliermen. It is brought from the same localities, according
to the fish dealers, as the black bass, but not in so large numbers.
It is most common during the early part of spring, when it brings
about ten cents per pound.

9. POMOXIS.

A species of the genus Pomoxis, of Rafinesque, as characterized by
Professor Agassiz, is occasionally brought to the New York markets
with the two preceding, and Irom the same locality. I have only
seen Rafinesque's description of the P. annularis, Raf., of the Ohio
river in the first volume of the Transactions of the Philadelphia
Academy of Natural Sciences, and the brief notice of the Centrarchus
hexacanthus of Cuv. and Val., given by Dr. DeKay in his N. Y.
Fauna, and from both of these it appears to differ—from the P. an-
nularis widely if Rafinesque's description and figure are correct.

Professor Agassiz, in his " Notice of the Fishes of the Tennessee
River," in the American Journal, vol. XVII, p. 298, in his re-

marks on the geographical distribution of the genus, states that he
has received a species " Irora the western part of New Yoik," and the

species brought to this market is probably identical with his. As I

have never seen his description, however, I will give a short notice

of it.

The body is very much compressed ; the greatest depth contained
little less than twice in its total length. The dorsal and abdominal

17 s
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outlines are nearly equally convex. The head is nearly a third of

the total length of the body, and there is a considerable depression

immediately over the eyes, which causes the snout to appear turned

up. The mouth is large, and the maxillary bones reach a point ver-

tical to the posterior borders of the eyes. The eyes are a third nearer

the snout than the opercular spine, and are large, their diameter

being to the length of the head as two to nine. The lateral line runs
nearly parallel with the dorsal outline. The dorsal fin commences
nearer the snout, and is supported anteriorly by seven spinous rays.

The first spine is very low, and, in a specimen seven inches long, was
little more than one-sixth of an inch in length, and about half the

length of the second ; from the latter they rapidly but regularly in-

crease in size to the seventh, which is about an inch long. The anal

fin commences under the fourth spinous ray of the dorsal, and seven

of its soft rays extend beyond the posterior part of that fin. The
spines are in nearly the same proportion to each other as those of the

dorsal fin. The suines of both fins are all curved slightly backwards.

D. VII, 16. a'. VI, 16. P. 13. V. 15. C. 17f ?

The general color of the body is a dark bronze yellow, shaded with

green and with golden reflection above, and many of the scales are darker

on the margins. The dorsal and anal fins are colored with six or

seven rows of round, yellowish spots, most of which cover the rays as

well as the connecting membrane. There are fewer of these spots on
the spinous parts of both fins. The pupils are of an intense dark
blue, and the irides a dark straw yellow.

This description was drawn from a specimen about seven inches in

length, and is, perhaps, in some respects defective, as I was called off

before I was able to finish my notes, and have not been able to pro-

cure another since. The color is drawn entirely from memory, but

is, I think, correct.

This percoid is not often brought to market, but when exposed for

sale it is mingled with the two following species

:

10. PoMOTis APPENDIX, {31it.) DeKay.

DeKay, N. Y. Fauna, p. 32.

This species is brought to market in considerable numbers in winter

and spring from Cayuga Lake, &c.. It is a matter of surprise that

Dr. DeKay never saw this species, as I have been toid that it is very

common in all the lakes of central iSIew York. It reaches a much
larger size than the common Muifish,

11. PoMOTis VULGARIS, Citv. and Vol.

DeKay, N. Y. Fauna, p. 31, fig. 166.

This handsome sunfish is sent to market from the same places as

the preceeding, according to the fishermen, although it is very com-

mon in almost all of the neighboring streams. This and the two

former species are sold at from eight to ten cents per pound. Some
of the fishermen are under a singular error in regard to Pomoxis auJ

Pomotis. They believe them to constitute a single species, of which

Pomoxis is the male, and Pomotis vulgaris and Pomotis appendix
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females. It is only necessary to revert to the different geographical

areas in which the various species are found to be at once convinced

of the absurdity of this opinion.

TRIGLIDAE, (Cuv.) DeKay.

12. Prionotus lineatus, (Mit ) DeKay.

DeKay, N. Y. Fauna, p. 45, fig. 12.

The ^^ Robin," ''Sea Robin," and flying fish, as this species is

indifferently called by our fishermen, is occasionally brought to the

markets in the mouth of May. It does not appear to be much
esteemed, and is eaten from necessity rather than irom choice. They
generally sell for about twelve cents a dozen. The average size is

about twelve inchejs long.

13. Sebastes novregicus, {3IuUer) Cuv. and Vol.

DeKay, N. Y. Fauna, p. 60, fig. 11.

I observed a few specimens of this trigloid in the third week of

February of this year. The man in whose possession they were

called them '' Red Snap[)ers," the same name which they apply to the

Serranus morio, DeKay, and furthermore told me that they were

eent from Charlesfonf They agreed with the description and figure

gives of the Sebast-es norvegicus by DeKay, who also gives " snap-

per," as one of the popular names by which they are known. May
not this be the species to which the " intelligent fisherman" alluded,

who informed Dr. DeKay that the Serranus erythrogaster, DeKay,
"^^ is occasionally, but very rarely, taken off our coast?" The fish-

monger, on whose stand the species in question was exposed, is the

only one in whose possession I have seen the Serranus erythroga-ster.

SCI^ENID.E, Cuv.

14. Leiostomus obliquus, (Mit.) DeKay.

DeKay, N Y. Fauna, p. 69, fig. 195.

The '' Lafayette" appears to be rather late in their arrival on the

coast of this State. Last year I saw none in market until the first of

September. After that they were brought in greater or less numbers

until nearly the end of October. Most of those that I saw were

under sis inches in length. I asked the fishermen if they did not

usually visit us earlier ; they replied that they were nearly as early

this year as usual.

15. Otolithds regalis, {Schneider?) Cuv. and Vol.

DeKat, N. Y. Fauna, p. 71,' fig. 24.

The weak fish is brought to the markets in quite large quantities

from the first of May to the middle or end of October, It appears to

be rather more abundant in July and August.

Dr. DeKay gives an average length of only "six or eight inches"
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to this fisli, which is, I think, too low. Ten inches would he nearer

the average length of those brought to market last year.

The weak fish is seldom sold at more than six or eight cents per
pound.

•

16. CoRViNA ocELLATAj {Mit.) Cuv. and Vol.

DeKay, N. Y. Fauna, p. 70, fig. 61.

This scienoid is known to our fishermen under the name of "red
fish" and sometimes "branded drum." It is seldom sold in the New
York markets. I saw a few in the month of February of the present

year which, I was informed by the fishermen, were sent from Charles-

ton, S. C. Fifteen cents per pound were asked for them.
I have never seen the Corvina argyroleuca, Cuv. and Val., in the

markets.

17. Umbrina alburnus, {Lin.) Cuv. and Val.

DeKat, N. Y. Fauna, p. 78, fig. 20.

This most excellent fish is brought to market during almost the

same periods as the weak fish. It appears, however, to be slightly

later in its arrival on our coast, for last summer the weak fish had
been brought to market two weeks before I saw any king fish. The
king fish is not quite as abundant as the weak fish. It hardly brings

a price commensurate with its good qualities, being rarely more than
twelve cents per pound, and often not over ten cents.

18. LOBOTES SURINAMENSIS.

DeKat, N. Y. Fauna, p. 88, fig. 49.

I saw a single specimen of this species in Fulton market last year,

which remained exposed on the stall from the thirtieth of August till

the sixth of September. It did not seem to be known. The owner
called it "flasher;" why it was so named, I was unable to learn.

The individual on sale was about fifteen inches in length, and a
dollar was demanded for it.

19. PoGONiAS cHROMis, {Lin.) Cuv. and Val.

DeKat, N. Y. Fauna, p. 80.

A few "drums" w^ere brought to market last year in the early part

of June, and again towards the end of September. These are the only

occasions on which I remember to have seen them. Most of them
were, I should think, about thirty inches in length.

SPARID^, Cuv.

20. Sargus ovis, {Mit.) Cuv. and Val.

DeKay, N. Y. Fauna, p. 89, fig. 23.

This species, so well known to our citizens as the "sheepshead," is

brought to market during the months from May to October, inclusive

—
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rather more frequently and abundantly in June—but rarely in any
great numbers. I have never seen more than thirty at a single time,
and it is seldom that more than five or six are seen. It is very much
esteemed hy the New Yorkers and brings a high price.

I do not recollect having seen the sand porgee {Sargus arenosuSy
DeEay,) in market.

21. Pagrus argyrops.

DeKay, N. Y. Fauna, p. 95, fig. 25.

The porgee is the most common fish of the summer months, and
our markets are supplied with them to excess. Owing to this abund-
ance, although an excellent article of food, they are sold very cheap,
three to six cents being the retail price per pound.
They were brought last year towards the end of April, and were as

abundant on the first day that I saw them in market as at any subse-
quent period, none' appearing forerunners of larger bands, as appears
to be the case with some of our summer visitants. Unlike their
arrival, however, they disappear by degrees, and become fewer in
number as the autumn advances. Some linger till about the end of
November.

SCOMBRIDiE, Cuv.

22. Scomber vernalis, {Mit.) Cuv. and Val.

DeKay, N. Y. Fauna, p. 101, fig. 34.

Brought to market in the months of May, June, and July, and sold
for ten or twelve cents a pound.

23. Scomber qrex, {Mit.) Cuv. and Val.

DeKay, N. Y. Fauna, p. 103, fig, 32.

Two or three months intervene between the time that the former
species disappears from the markets and the one in question is first

brought here,

24. Scomber colias, Cuv. and Val.

DeKay, N. Y. Fauna, p. 104, fig. 33.

This species does not appear to be very abundant here. I saw but
very few last year during the months of July and August.

25. Pelamys sarda, (Block) Ctcv. and Val.

DeKay, N. Y. Fauna, p. 106, fig 27.

A few specimens of this species were exposed for sale last year at
different times in the months of August and September.

26. Cybium MACULATUM, {Hit.) Cuv. and Val.

DeKay, N, Y, Fauna, p, 108, fig, 232,

This species, known to our citizens as the " Spanish mackerel," is

brought to market during the same months as the preceding species.

It is not very common.
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27. Palinurus perciformis, {3Iit.) Be Kay.

DeKay, N. Y. Fauna, p. 118, fig. 75.

The only occasion on which I have seen this species in market was
on the 3d of September, 1855, when some twenty or thirty were ex-
posed on one of the stalls.

28. Caranx chrysos, (Mit.) Cuv. and Val.

DeKay, N. Y. Fauna, p. 121, fig. 85.

I only saw a very few specimens of this species in Washington
market, in the month of October of last year.

29. Temnodon saltator, (Lin.) Cuv. and Val.

DeKay, N. Y. Fauna, p. 130, fig. 81.

The blue fish are very common in our markets during summer and
autumn, and are sold at from six to eight cents per pound. They
arrived last year on our coasts towards the last of May, and remained
till November.

30. Coryph^na globiceps, (Mit.) Be Kay.

DeKay, N. Y. Fauna, p. 132, fig. 29.

I saw a single specimen of this Scombroid considerably over two
feet long, in Washington market, on the 24th of August, 1855.

31. Ehombus triacanthus, (Peck) Be Kay.

DeKay, N. Y. Fauna, p. 137, fig. 80.

This fish is brought to market in September, October, and Novem-
ber. It is called by the fishermen "harvest fish," and "butter fish."

MUGILID^, Cuv.

32. MUGIL ALBULA, Lin.

DeKay, N. Y. Fauna, (fi.) p. 146.

Mullets are exposed for sale in the markets during February and
the spring months, principally in February and March, but in no very
great numbers.

GOBID^, Cut.

33. ZoARCES ANGUiLLARis, (Peek) Cuv. and Val.

DeKay, N. Y. Fauna, p. 155, fig. 45.

34. ZoARCEs FiMBRiATUs, Cuv. and Val.

DeKay, N. Y. Fauna, p. 156, fig. 44.

Both of these fishes are occasionally brought to the markets in the

months of March and April. The former is the more common of the

two. They do not appear to be much esteemed, probably on account

of the repulsiveness of their appearance.
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LABRID^, Cuv,

35. Ctenolabuus ceruleus, (Mif,)

DeKay, N. Y. Fauna, p. 179, fig. 93.

36. Ctenolabuus uninotatus, (3IU.)

DeKay, N. Y. Fauna, p. 174, fig. 90.

Both of these species, called by our fishermen under the common

name of "Bergalls," are brought to market in spring and autumn.

The C. ceruleus is the most common. Some are exposed for sale in a

perfect condition, but most of them are skinned, gutted, and the head

cut ofi", and strung on sticks, &c., through the middle of the body in

numbers of about two dozen.

37. Tautoga AMERICANA, (ScJin.) Cuv. and Val.

DeKay, N. Y. Fauna, p. 175, fig. 39.

We have the black fish with us during almost the entire year, but

it appears to be comparatively rare in winter, becoming more abundant

towards the commencement of April.

SILURID^, Cuv.

38. PiMELODUs CATUS, (Lin.) Cuv. and Val.

DeKay, N. Y. Fauna, p. 189, fig. 119.

Catfish are brought to market in small quantities in the spring

months. They are usually sold at about eight cents per pound.

CYPRINID^, Cuv.

39. Cyprinus carpio, Lin.

I saw several European carp in the Washington market last year,

in the month of April. The person on whose stand they were exposed

informed me that they were caught in the Hudson river
;
this was all

I could learn respecting them.

40. Leucosomus americanus, Girard.

Abramis versicolor, DeKay, N. Y. Fauna, p. 191, fig. 103.

This species is very rarely brought, and rather by accident^ with

sun-fish and suckers, caught near this city.

41. Catastomus oblongus, (Mit.) Les.

DeKay, N. Y. Fauna, fi. p. 193, fig. 136.

Occasionally brought to market in winter and early in spring,_I

have seen the adult male in winter dress, (C. oUongus,) the same in

his nuptial dress (C tuherculatus Les.) and the young male {C. gibbosus,

Les.) all in market at the same time. They are called by our fisher-

men, chub, chub-suckers, and often by the simple name of sucker.
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42. Catastomus communis, Les.

DeKay, N. Y. Fauna, fi. p. 196, fig. 100.

This species is brought to market in autumn, winter, and spring.

It is simply called " sucker." The fishermen have, however, no clear

perception of the diiFerence between this species and the C. ohlongus.

None of our species of catastomus are held in much repute. The
species brought to market are sold at four cents generally, and more
rarel_y at six cents per pound. The larger specimens are sometimes
called by the fishermen, " Fresh water pollack."

CYPRINODONTES, Agassiz.

43. FuNDULUs ZEBRA, DeKay, N. Y. F. fi. p. 218.

44. FuNDULUS vmiDESCENS, (Hit.,) DeKay, N. Y. F., p. 217, fig. 99.

45. Hydrargyra flavula, (Hit.) Storer.

FoNDULUS FAsciATus, DeKay, N. Y. Fauna, fi. p. 216, fig. 98.

A considerable number of these species were brought to market in
the early part of April, last year, and were sold by the measure at

twelve cents per quart. I perceive that in the notice of the fishes of
the New Jersey coast you are inclined to regard the F. viridiscens of
DeKay, as merely the female of F. zebra, DeKay.

ESOCID.E, Cut.

46. ESOX RETICULATUS, Les.

DeKay, N. Y. Fauna, fi. p. 223, fig. 107.

The pickerel appears in our markets in the beginning of the au-
tumn, and thenceforth continues to be brought till spring has far ad-
vanced. They are worth from twelve to fifteen cents a pound.

47. Esox FASCIATUS, DeKay.

DeKay, N. Y. Fauna, fi. p. 224, fig. 110.

Brought in less numbers and more irregularly than the preceeding.

48, Esox ESTOR, (Les.) Thompson.

DeKay, N, Y. Fauna, f. p. 222.

This lacustrine species is frequently to be seen in our markets in the
fall and spring months, and when the weather is mild and the com-
munication with the '' lakes" iminterrupted, it is also brought in

winter. It brings from twelve to fifteen cents per pound.

49 Esox NOBiLiOR, Tliompson.

Quite a number of this excellent species was brought to market in

February of this year. It appears to be muck esteemed and is sold

at about eighteen cents per pound.
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50. Belonh truncata, Les.

DeKay, N. Y. Fauna, p. 227, fig. 112.

This fisli docs not ajipear to be verycommon here. During the months
of September and October, 1855, several dozen were brought to market.
They were called by tht5 fishmongers " bill fish."

SALMONIDiE, Cuv.

51. Salmo fontinalis, Mit.

DeKay, N. Y. Fauna, fi. p. 235, fig. 120.

The common trout is sent to market from Long Island from No-
vember to April ; more abundantly in spring. In the markets they
are sold at a very high price : from thirty-seven to fifty cents per
pound. Occasionally they are exposed for sale in the streets—prin-
cipally Wall street—at twenty-five cents a pound.

52. Salmo confinis, DeKay.

DeKay, N. Y. Fauna, p. 238, fig. 123.

The lake trout is sometimes brought in considerable numbers from
northern and western New York during the autumn, winter, and
spring months. It is much less relished than the common brook
trout.

Salmo salar, Lin.

DeKay, N. Y. Fauna, p. 241, fig. 132.

Sent in limited quantity during the same months as the preceding_,

from Nova Scotia,

OSMERUS VIRIDISCENS^ LeS.

DeKay, N. Y. Fauna, p. 243, fig. 124.

The smelt is also one of our most esteemed fishes, and is sold at a
price varying from twelve to twenty-five cents a pound. The price

appears to be very fluctuating, thus in the latter part of February,
they brought twenty-two cents per pound ; on the first of April,

twelve cents was all demanded; they were at least as common in the

preceeding month as in April.

COREGONUS ALBUS, LeS.

DeKay, N. Y. Fauna, p. 247, fig. 198.

The white fish of the northern lakes is brought to the New York
markets at considerable intervals of time, and in small numbers in
spring and fall. I have seen them in May, September, and October.
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CLUPIDiE, Cuv.

54. Clupea elongata, Les.

DeKay, N. Y. Fauna, f. p. 250.

A species of clupea, whicli agreed in most respects with the C. elon-

gata, Les., as described by that naturalist, was exposed in our markets

in quite large numbers during the months of March and April, The
market men called them '^' English herring;" one of them told me
they were sent from Nova Scotia, and another, from St. John's, New
Brunswick. They were sold at eight cents a pound. Dr. DeKay has

committed a great error in his description of the species.

55. Alosa praestabilis, DeKay.

DeKay, N. Y. Fauna, fi. p. 255, fig. 41.

The shad is sent to our city from Charleston (S. C.) in considerable

numbers as early as the latter part of January and February, but does

not arrive on our own coast until March. An average sized fish sells in

early spring at seventy-five cents to a dollar, and sometimes even

more ; but as the season advances, and they become more plenty, the

price is reduced to about twenty-five cents each.

56. Alosa tyrannus, {Latrohe) jDeKay

,

DeKay, N. Y. Fauna, fi. p. 258, fig. 38.

Sent to market occasionally in spring.

57. Alosa menhaden, {Mit.) Storer.

DeKay, N. Y. Fauna, p. 259, fig. 60.

Mossbunkers appear in the markets in the fall months ;
but in no

great quantity. '

58. Alosa mattowacca, {Mlt.^De Kay.

DeKay, N. Y. Fauna, fi. p. 260, fig. 127.

The fall herring is rather common in autumn and winter. A few

appear towards the end of summer.

COELACANTHS, Agassiz.

59. Amia occiDENTALis, Z^e^ai/.

DeKay, N. Fauna, p. 269, fig. 125.

A single specimen of this ganoid, about two feetlong^ was ofiered for

sale in Washington market on the fifteenth of May, 1855. I could

learn nothing in regard to it from the fishmonger on whose stand it

was. It appeared to be totally unknown to him, and he could not

even tell me the name of it.
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» GADIDiE, Ciiv.

60. MORRHUA AMERICANA, StoreV.

DeKay, N. Y. Fauna, p. 274, fig. 140.

The universally kr^wn cod is tlie most abundant of fishes during

the entire year. The price is more uniform than that of most of our

fishes, and is hardly ever over six or less than five cents a pound.

61. MoRRHUA PRUINOSA, (3Iit.) DeKay.

N. Y. Fauna, fi., p. 278, fig. 142.

Brought to market in large numbers in the fall and winter months

and the greater part of spring. It is sold from six to ten cents a

pound.

62. MORRHUA iEGLiriNA, {Liu.) Cuv.

DeKay, N. Y. Fauna, p. 279, fig. 138.

Less common than its congener, the cod, and not brought so con-

stantly to market ; in the autumn and first months of winter it is

comparatively rare. Although by many esteemed as inferior to the

cod, it is generally sold for the same price and occasionally higher.

63. Merlangus carbonarius, {Lin.,) Cuv., De Kay, N. Y. Fauna.

p. 287, fi. 144.

64. Merlangus purpureus, {Mit.) Storer, N. Y. Fauna, p. 286, fi. 147.

Both species are brought to the New York markets in September.

October, and November. The M. purpureus is rarer of the two.

65. Phycis americanus, (Schn.) Storer.

This gadoid was brought to market this year in considerable num-

bers. I have also seen a few on the last of May. It attains a large

size apparently, as I have never seen one in market less than two feel

long, and generally they are much larger. To the fisherman it is

known as the hake or codling.

66. Phycis punctatus, {31{t.) Richardson.

DeKay, N. Y. Fauna, p. 292, fig. 149.

This phycis appears to be a rare species on the coast of New York,

and is seldom brought to market. I saw a few last year on different

days of October. They were sold under the simple name of " Ling.''

PLANID.E, Cuvier.

67. HiPPOGLOSSUS VULGARIS, CuV.

DeKay, N. Y. Fauna, f. p. 294, fig. 157.

The halibut is brought to market all the year. It is cut up ir

steaks and sold at a price varying from ten to fifteen cents a pound.
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68. Platessa plana, (Hit.) Sforer.

DeKay, N. Y. Fauna, p. fig.

This is tlie most common species of flounder that is brought to the
city markets in the winter and spring nionths. It is seldom sold at
a higher price than eight to ten cents per pountl.

Flounders are chiefly sold by the weight ; occasionally they are
strung through the branchial apertures on twigs and nominally sold
by the bunch.

69. Platessa pusilla, DeKay

.

DeKay, N. Y. Fauna, f. p. 296, fig. 153.

I have rarely seen this species in market. When brought to market
they are always mingled with the P. plana.

70. Platessa dentata, {Mit.,) Storer.

DeKay, N. Y. Fauna, f. p. 298.

71. Platessa ocellaris, DeKay.

DeKay, N. Y. Fauna, f. p. 300, fig. 152.

The common flounders of the summer months.

72. Platessa oblonga, (Mit.) DeKay.

DeKay, N. Y. Fauna, p. 299, fig. 156.

This species is most common in the autumn months and the early
part of winter.

In August of last year I observed a specimen of this species with
the dark side doubled. The dextral was as dark as the sinistral side

to within a short distance of the opercle ; the brown color then ab-
ruptly ceased, following the curve of the opercle, and the remainder
of the inferior surface of the body and the head were of the usual
color.

73. Pleuronectes maculatus, Mit.

DeKay, N. Y. Fauna, f. p. 301, fig. 151.

This fish is not often brought to the New York markets. I only
saw a few last year in the early part of May.

74. AciiiRUS mollis, (Mit.,) Cuv.

DeKay, N. Y. Fauna, f. p. 303, fig. 159.

I have never seen this species in either Washington or Fulton
markets ; but last year, on the last of February, I saw a single speci-

men on the fish stall of a private market in the city.
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ANGUILLIDil*; Ouvicr.

75. Anguilla tenuirostris, DeKmj.

DeKay, N. Y. Faima^-f. p. 310, fig. 173.

The common eel is brought to market in almost every month of

the year. Few are sold entire ; most of them are exposed cleaned,

skinned, and with the head cut off. In this state they are generally

sold at twelve cents a pound.

STURIONES.

76. ACIPENSER OXYRIIYNCIIUS, Mlt.

DeKay, N. Y. Fauna, fi. p. 346, fig. 189.

In the spring young specimens of this sturgeon, agreeing with the

description and figure of Dr. De Kay, are occasionally brought to

market. These young range from ten inches to two feet in length.

Larger individuals are cut into transverse sections or steaks and sold

by the pound. Whether these larger fish are the Acipenser oxyrhyn-

cus of Mit., or some other species, lam at present unable to say with

confidence, as I have not examined an unmutilated specimen. I have

been told they are occasionally brought entire, and even alive, into the

markets, and will, therefore, probably soon have an opportunity of

examining one.

RAIADAE.

77. Raia diaphanes^ 31it.

DeKay, N. Y. Fauna, fi. p. 366, fig. 218.

This species is occasionally brought to market in winter and spring,

and sold under the name of " French skate."

78. Rata l^evis, Mit.

DeKay, N. Y. Fauna, f. p. 370.

This ray is also brought to market occasionally in winter, but more
seldom than the preceding.

Only the fleshy pectoral fins of this species are exposed for sale, the

head and tail being always cut off. The Raiadiaphanes, on the con-

trary, is generally to be seen entire, and is only cut up at the desire

of the purchaser. Neither of the species is much valued as food.

PETROMYZONIDAE.

79. Petromyzon Americanus, Les.

DeKay, N. Y. Fauna, f. p. 379, fig. 216.

The sea lamprey rarely appears in our market, and never in any

great quantity. I have seen them in small numbers in the month ol

April. Specimens two feet long, living and writhing on the stalls,

have then been offered at twelve to eighteen cents each. This hardly

corroborates the statement made by Dr. DeKay respecting the esti-

mation in which they are held by the epicures.
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ANCIENT INDIAN EEMAINS, NEAR PRESCOTT, C. W.

BY W. E. GUEST.

One of the oft reiterated assertions of foreigners on visiting our

country as they pass rapidly from the Atlantic to the lakes, and from

the lakes to where the "Father of Waters rolls his flood," is that "the
country is too new ; that it has no ancient time-marked monuments,
no ivy-rohed ruins with gray turrets pointing to the distant past, or

storied urns rich with the records of human greatness to serve as models

for the present."

A greater error, perhaps, was never committed. Hundreds, aye

thousands of years before the white man's foot had pressed the soil of

the New World, there lived and flourished a race of men who called

this continent their home. Had they a written history, what deeds

of chivalry might we not peruse; what tales of forest " Agamem-
nons " and unknown "kings of men" Alas! for their glory^ their

ardor, and frheir pride !

"They have all passed away,
That noble race and brave,

Their light canoes have vanished •

From oft the crested wave.

Tlieir name is on your waters,

You may not wash it out !

"

Many are the traces of their existence that lie widely scattered

over the surface of the country, such as burial grounds, places of sacri-

fice or defence, and earthern mounds of various shapes and sizes ; the

latter class being so numerous that as many as two hundred and fifty

have been examined and surveyed in the State of New York alone. All

these interesting relics, however, like the remnant of the race to which
they belong, are fast disappearing before the progress of civilization,

and will probably in time be entirely obliterated ; a fact calling for

energetic exploration and earnest investigation while yet the oppor-

tunity is offered.

Having been informed of the existence of some ancient Indian works
in the vicinity of Prescott, C. W., I made a visit to one of great in-

terest on July 17, 1854. The work in question is situated in the town-

ship of Augusta, about eight miles and a half northwest of Prescott,

on a farm occupied by Mr. Tarp. Jas. Keeler, esq., who resides within

a mile of the works, accompanied me, and to him I am indebted for

much valuable information not only respecting this locality, but also

of a similar work in the town of Edvvardsburgh, near Spencerville,

about one mile and a half in a northerly direction.

This ancient work in Augusta is about eighty rods in length, its

greatest width twenty rods. The westerly part has a half moon em-
bankment, extending some ten rods across a neck of land, terminating
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to the north in a swamp, and to the southwest near the edge of a creek.

It has three openings, which are from twenty to twenty-five feet wide.

Upon the embankments there is a pine stuiu p four aad a half feet across,

five feet from the ground, with its root extending over the embank-
ment, showing that it has grown there since the erection of the earth
work.

This place, from present appearances, was doubtless the only one
approachable by land, and a rise of a few feet of water almost surround-
ing the work, would insulate it and add very much to its defence.

The eastern and southeastern portions where there are tumuli, and
where, from appearances, the inhabitants resided, is from fifteen to

eighteen feet above, and descends abruptly to the now swampy grounds.
On the north is a large tamarack swamp, which is said to contain about

twelve thousand acres. The "Nation" river is about a mile to the
northeast, and the intervening land is low, while the southeast and
south ground rises gently at a distance of fifty or eighty rods. The
soil on this table land is rich, and at every step evidences are beheld
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of its having "been once thickly inhabited. The ground is strewed

with broken pieces of earthen ware, and hollow and smooth ])ieces of

stone^ doubtless used for culinary purposes. The timber, which was

mostly pine, is, except a small portion on the westerly part all cut

down, indeed the original forest is entirely gone within the enclosure

proper.

It will be necessary to consult the diagram to obtain a proper idea

of the locality of the mounds and embankments. The tumuli are

four in number, situate at the corners of a parallelogram, containing

between one and two acres of ground, within which are to be seen the

regular streets and lines of a village ; outside of the mounds, on three

sides are double lines of circumvallation ; on the fourth side, which
faces the southeast side, there is but one.—(See fig. 1.)

The elevations of ground which we have called tumuli, or mounds,
are at present but slightly raised above the general level—say from

two to four feet. On opening these they were found to be composed
of earth, charcoal and ashes ; and contained human bones, pointed

bones from the leg of the deer, horns and skulls of the same animals,

human skulls, and hones of the beaver, muscle shells of the genus

Unio, such as are now found on the shores of the St. Lawrence river,

and which were doubtless used as food, since they are very common
about such mounds. With these were great quantities of earthen-

ware, some of which was of the
Fi^. 2.

KXCAVATED STONE.

most elaborate workmanship.
On the surface of the ground
were scattered numbers of

smoothed pieces of quartz and
sandstones. One stone or boul-

der of hornblendic gneiss (fig.

2,) was hollowed out into a

cavity of sixteen inches in

length, twelve, in breadth,

and four and a half inches in

depth; had it not been broken
off at one end it would probably

have held a gallon.

Fio". 3.On the 3d of August I re-

visited this place'with some
friends, and, with the aid

oftw6 laborers, we exliuni

ed a large variety of bones,

bone points, broken pieces

of pottery, earthenware,

pipes, needles, and a part

of the tooth of a walrus^

(fig. 3.) This had holes

drilled through it as ^\^i'i '

though it had be.en used for ornament.
I then proceeded to the work, previously mentioned, in Edwards-

burgh, near Spencerville, about half a mile west of the village, on an
elevated piece of ground. This is well chosen for defence—overlooking

18 s



274 ANCIENT INDIAN REMAINS.

the surronnding country to a great distance. Here (fig. 4) we traced

the i'aint lines in part and holder in other parts of an emhankment
in the sha})e of a moccasined foot, the heel pointing to the south and

Fig. 4.

ANCIENT WORK NEAR SPENCERVILt-E.

the toes north, enclosing about three and a half acres of ground. It

is situated on the front of the west half of lot twenty-seven, seventh,

concession in Edwardshurgh, on the farm of John McDonald, esq.,

who, with Messrs. Imrie and Mitchell, kindly accompanied us, and,

from their acquaintance with the locality, aided very much in explor-

ing the emhankment, which was in some places almost obliterated.

This enclosure has been cultivated for some years, and at the time
of the visit was mostly covered with luxuriant crops, so that we
were unable to make excavations. Some parts of the embankments
are from two to three feet high ; on these, also, are some enormous
pine stumps, one of which was nearly five feet across its top.

Some few pieces of pottery were obtained here, similar to those found

in Augusta ; also pieces of clay pipes, one of them richly ornamented,,

andastone implement sharpened to a point, which was doubtless used

Fig. 5 Fig. 6.

for dressing skins. There were also human bones scattered over the

field which the plough had thrown up. The "terra cotta" found
here is elaborate in its workmanship, and is as hard as the stone-
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ware of the present day. It seems to "be composed of quartz pounded up

and mixed with cLay, which adds to its hardness ; and as to heauty

of shape, some of the restored articles (see figs. 5, 6 and 7) will at

Fig. 7.

least compare favorably with any form of Indian manufacture hitherto

discovered. These vessels have been found from four to eight and
three-quarter inches inside. We likewise found a few rounded pieces

of pottery in the shapeof coin, (figs. 8 and 9,) about the size of a quarter

Eig. 8. Fig. 9.

^\ (̂r^^rtl^^ \\

FRAGMENTS OP POTTERY ARTIFICIALLY ROUNDED.

of a dollar and less, as well as some small rounded pieces of steatite,

Fig. 10. with holes through the centre, (fig. 10.) There was

one beautifully polished bone needle, about five inches

long, with an eye rudely perforated, and a piece of ivory

in the shape of a knife (iig. 11), made of a shark's tooth,

Eig. 11.

FRAGMENT OF STEATITE.

which had some marks upon it transversely, by which the owner
evidently intended to identify it. In a subsequent visit to these

remains we obtained an earthen pipe complete, and a piece of a human
skull polished and with several notches cut in its edge. The bowl
of a pipe was shown us with a face strongly characteristic of the

^vestern aborigines.
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The great size of the trees, the stumps of which remain upon the
embankments, are, in some degree, chronological evidence of the long
time that has elapsed since these monuments were erected ; and the
fact of the bones of the walrus and shark being found, shows their

acquaintance and communication with the sea, while the entire ab-
sence of stone pipes and arrow heads of the same material, (which
belong comparatively to a more recent age,) as well as the entire
deficiency of metals, or anything European to connect them with the
western or southern tribes of Indians, and the significant fact that
no remains of this kind have been found upon the borders of the St.

Lawrence, but that they are aliuays situated upon terraces from one
hundred and twenty feet (the height of these) to two hundred feet

above the present level of the water, is all strong *proof of their great
antiquity, compared with those of a mucli lower level, in which, to

this day, stone pipes and copper articles are found. Further investi-

gation may change this view, but facts at present would seem to point
to a time, previous to the breaking away of the great northern bar-
rier, when the sea was on a level with some of the terraces of Lake
Ontario.

These vestiges of a proud and once powerful race are traceable from
the rude earthen embankments of the North to the extended ruins of

Central America, and are worthy of patient and continued investiga-
tion, though their unwritten history may never be fully revealed.

It is by the careful collection and preservation of facts, minute
though they may be in detail, that a sufficiency of data will be
gathered from which some future historian may do justice to the
memory of the earlier inhabitants of this continent, and erect a beau-
tifully ]3roportioned and massive ethnological structure.



CORRESPONDENCE.

PHONOGRAPHY.

To the Secretary of the Smithsonian Institution :

The system of writing called j^honography has acquired some inte-

rest for the public from its singular success as applied to verbatim

reporting, for which purpose it is rapidly supplanting all former

methods of short hand. But independent of its merits in this regard,

it has claims of a scientific character from its philosophic basis, its

simplicity, and its adaptedness to a general system of education, which

have been less appreciated.

With a view of calling attention to these points, this communica-

tion has been prepared in the belief that, if it shall lead any to inves-

tigate the system, they will find it not the least among the means of

promoting " the increase and diffusion of knowledge among men."

The inventor of phonography, Isaac Pitman, of Bath, England,

has sought to combine the perfect phonetic representation of the Eng-

lish language with a selection of signs so simple as to furnish, like-

wise, a system of short hand. For the phonetic representation of a

language, we require, first, an analysis of the sounds heard in speak-

ing it, so as to determine the elements of which it is composed ;
and,

secondly, the selection of a special sign for each distinct sound as thus

derived. This done, all that is needful for the representation of any

word in writing is to set down the signs agreed on for the sounds in

the order in which such sounds appear in the given word
;
and con-

versely reading is but the rapid utterance of the sounds indicated by

the signs or letters with which the given word is written.

The original from which European alphabets are derived was doubt-

less phonetic ; that is, it had a letter for each sound to be represented,

and such sound was uniformly represented by that letter ;
but at

present the traces of such an origin are more or less obscured.

In English this is especially the case, insomuch that we have many
elementary sounds in our speech which we have no means of certainly

representing ; and, on the other hand, letters professedly selected to

denote certain sounds are employed for other sounds as well. Asa
consequence, instead of the harmony and simplicity of a phonetic

system, we have one which is essentially arbitrary. Our spelling_ is

determined, not on any fixed principles, but by the force of authority

and custom ; so that if a word be presented to us for the first tinie,

we cannot feel assured of its spelling from the pronunciation, or of its

pronunciation from its spelling, without first referring to the diction-

ary. Hence the very foundation of modern knowledge, the art of

. reading and spelling, is beset with peculiar difficulties
;
and that

which, through a phonetic alphabet, is acquired without annoyance

in a few months, demands, through the imperfection of our present

alphabet, the labor of as many years. An analysis of the English

tongue shows that, for its complete phonetic representation, an alpha-

bet "of thirty-four elementary sounds is demanded. These sounds are

those indicated by the italicized portion of the following words, viz :

^it, to, cot,yat, theme, seal, rush,

bit, do, got, vat, them, zeal, rouge.
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wiap, wap, v'mg, o-aj, ?ay, he, ive, ye.

eel, ail, are, awed, ope, fool.

*11, ell, at, odd, wp, foot.

The received alphabet has but twenty effective letters, (since x, q,
j, c, i, and u are duplicates, or compounds of simpler elements,) so
that fourteen additional letters are required to fit it for the phonetic
representation of our language. It is from this deficiency that a con-
sistent system of spelling is rendered impracticable, and that a resort
must be had to arbitrary and confusing expedients.

Were the settling of our alphabet and orthography now for the first

time proposed as an original question, a phonetic system would of course
be adopted ; and there are not wanting those who believe that the advan-
tages it would secure in averting the difficulties attendant on acquiring
the art of reading, would justify, even now, a reform in that direction.

But the inconvenience of a transition from an established to a new
system will probably be held to countervail such advantages.

These inconveniences, however, are not encountered in the adoption
of a phonetic alphabet for short hand purposes.

In such a case, no acquired knowledge is to be unlearned ; no printed
books are to be discarded

; and the inventor may apply himself to the
development of a perfect system, untrammelled by antecedent re-

straints. Such being the case, it is somewhat surprising, considering
the unquestionable advantages of phonetic representation, that Isaac
Pitman's system of short hand is the first which has been erected on
that basis

; and its success affords another illustration of the import-
ance of founding an art on scientific principles, in place of arbitrary
rules. For it is in consequence of certain analogies, only clearly

brought to notice in his investigation of the phonetic elements of our
language, that Isaac Pitman was enabled to secure, what is essential

to the success of phonography as a system of short hand—a selection

of a simple sign for each simple sound.
It is, of course, impracticable, with the ordinary resources of the

printing office, to give here the forms of the letters employed in pho-
nography. It may suffice, in general terms, to explain, that the
simplest mathematical signs—the right line, the curve or the segment
of a circle, the dot and the dash—furnish the material of the phono-
graphic alphabet. Each sound is expressed by a simple and easy
motion of the hand. It follows that the system thus developed
meets every requirement for the most rapid writing. It is, in fact,

the most perfect metliod of reporting which has ever been invented,
and its phonetic basis renders it also as easy to be read as to be written

;

so that, in fact, it lacks no requisite for a thoroughly philosophical sys-

tem of writing
; easy to learn, easy to read, capable of reporting the

most rapid speech, and indicating the nicest shades of pronunciation.
It may be observed, further, that our language, being derived from

'

a variety of sources, embraces an unusual variety of elementary sounds
;

comprising nearly all those requisite for the representation of the
languages of Europe. By the enlargement of the phonographic alpha-
bet with the few additions requisite for foreign languages, we are able

to employ it not merely for English, but for other tongues as well

;

recording by it with unerring certainty the infinite diversities of
peech and pronunciation in use among civilized nations.
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A system whose scientific basis is siicli as has been indicated, and

capable of being written with the ra])idity previously without a par-

allel, approves itself to the judgment without argument, as deserving

a place in any loell ordered plan of education. As a means of devel-

oping distinctness and accuracy of pronunciation, and a clear knowl-

edge of its nice shades and varieties, nothing can be more useful tlian

the study and practice of phonographic writing and reading ;
since

from the very necessity of writing the sound of the words, our atten-

tion is constantly directed towards differences of pronunciation and

the ascertainment of that which is correct. Indirectly, therefore, and

more thoroughly, it teaches all which is included in the st'jdy of

orthoepy ; and if it were only useful in this particular, it would be

well worthy of attention. But when we consider, further, its advan-

tages as a system of short hand, there appear few studies, if we except

the very elements of learning, more likely to prove useful, both in

the process of acquisition and in the attainment.

The system of long hand writing is far from answering all the re-

quirements of our present state of social and mental advancement. It

is not a fancied, but a real want, which, phonography meets, whenit

furnishes a method which makes the representation of words by writ-

ten characters as facile and easy as is their expression in speech

;

which combines, in short, the legibility and distinctness of long hand

with the brevity and facility of short hand.

Such a system enables students at schools and colleges to secure a

verbatim record of the valuable information presented in their course

of instruction, and which the unassisted memory is wholly unable to

retain. The importance of such information for present use, and as a

treasury for future reference, cannot well be over estimated. Nor does

the utility of a knowledge of phonography by any means_ cease when,

after completing the studies of youth, we enter on the business of life.

The lawyer, the physician, the clergyman, the author, the scholar,

and the merchant, versed in the art, will find abundant opportunities

to apply it to practical advantage, as a labor-saving instrument in sub-

stitution for the cumbrous long hand.

We have already an abundant store of facts proving the practical

value of phonography. 'Apart from its use for reporters' purposes, it

is employed among many thousands of persons in this country and

Great Britain in interchanging correspondence ; by preachers in pre-

paring for the pulpit ; and by authors in writing for the i)ress ;
in

which case the printers are taught to set up from phonographic man-
• uscript. Several periodicals are published in lithographed phonog-

raphy, and find patrons who read them with the facility of ordinary

manuscript. But the most striking examples of the value of the sys-

tem are found among those who adopt it for the purpose of pro-

fessional reporting. Lads, many years short of manhood, who have

had the advantage of acquiring this art, find it the means, not merely

of support, but of lucrative remuneration, by becoming amanuenses,

or reporters of judicial or legislative proceedings, some of them having

been selected for the responsible position of reporters for the Congress

of the United States.

The usefulness of the system would be more apparent, were it fairly

introduced into our schools as part of an elementary system of educ£-
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tion, for which purpose, by its simplicity and attractiveness, it is
eminently fitted. But, thus far, the knowledge of the art has been
spread mainly through self instruction, and under many disadvan-
tages. It is gratifying to know, however, that phonography, having
passed through the ordeal of experiment, is rapidly becoming ac-
knowledged as a necessary branch of education, and is now introduced
and taught in a large number of our leading colleges and seminaries,
a list of which is appended to this communication.
On behalf of the Philadelphia Phonographic Society

TOWNSEND SHARPLESS.
ROBERT PATTERSON.

Philadelphia, January 10, 1857.

Institutions in tvMcJi jjJionograpJiy is taught.

Antioch College, Yellow Springs, Ohio.
Oberlin College, Oberlin, Oliio.

Yale College, New Haven, Connecticut.
Green Mount College, Richmond, Indiana.
New York Central College, McGrawville, New York.
Lafayette College, Easton, Pennsylvania.
Williams College, Williamstown, Massachusetts.
Victoria College, Cobourg, Canada West.
College, New Wilmington, Pennsylvania.
American Female College, Glendale, Ohio.
Eleutherian College, Neal's Creek, Indiana.
College, Athens, Ohio.
College, Evanston, Illinois.

Fort Edward Institute, Fort Edward, New York.
Public School, Waltham, Massachusetts.
High School, Providence, Rhode Island.
Madison University, Hamilton, New York.
Union School, Bellefontaine, Ohio.
Delaware Literary Institute, Franklin, New York.
Biblical Institute, Concord, Hew Hampshire.
Theological Seminary, Fairftix county, Virginia.
Conference Seminary, Charlotteville, New York.
Wyoming Seminary, Kington, Pennsylvania.
Goodrich's Seminary, New Haven, Connecticut.
Bedford Harmonial Seminary, Calhoun county, Michigan,
Holly Springs Seminary, Marshall county, Mississippi.
Western Reserve Seminary, Farmington, Ohio.
McNeely Normal School, Hopedale, Ohio.
Southwestern Normal School, Lebanon, Ohio.
University of Michigan, Michigan.
Union School, Granville, Ohio.
Normal School, Oskaloosa, Iowa.
Friends' Boarding School, Richmond, Indiana.
Male Institute, Arkadel{)hia, Arkansas.
Hopedale Seminary, Milford, Massachusetts.
High School, Philadelphia, Pennsylvania.
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CORRESPONDENCE.

PoKT OF Spain, Trinidad, April, 1857.

My Dear Sir : In my last letter I gave you some idea of the geo-

logical structure of this singular island; and also the meteorological fact

that hurricanes are never known here, although they have occurred at

Tobago, 30 miles east of us. By the accompanying registers you will

he enabled to see the minute variations of our mountain barometer,

made by Messrs. Troughton & Simms, London. Our aneroids have

done good service, particularly that invented by Bou.rdon & Richards.

Our boiling water experiments have not been so satisfactory ; I am
induced to attribute this to the great humidity of our atmosphere.

I enclose you also a copy of our report, as it may interest you.

Our future operations will be over a more interesting country. This

report you must not regard as a scientific document, but one writ-

ten to meet the capacities of the inhabitants of this island. As
our future labors are published, if you take any interest in them, I

shall have much pleasure in sending them to you. They will em-
brace our survey of that interesting object, the " Pitch Lake." The
difficulty of transit over the low lands during the rainy seasons pre-

vents our carrying on the survey with that system of regularity so

desirable. Moreover, we have to limit our researches to very superfi-

cial examinations, as they are intended for mineralogical rather than
for geological purposes. Various local causes operate against us, partic-

ularly the density of the vegetation, which surpasses that of every

other country I have visited except the portion of New Granada near

the Isthmus of Panama.
I remain, my dear sir, yours, very sincerely,

JAMES G. SAWKINS.
Professor Joseph Henry.

REPORT OF PROGRESS, FROM AUGUST 25, 1856, TO FEB-
RUARY 24, 1857, OF THE SURVEY OF THE ECONOMIC
GEOLOGY OF TRINIDAD.

BY G. P. WALL AND JAS. SAWKINS.

An examination of the Economic Geology of a country necessarily

includes several kinds of observations and investigations, viz :

Those appertaining to a Geological Survey proper, in which the

nature of the different rocks and strata are ascertained, their mutual
relations to one another defined, and the various disturbing causes
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which may have aifected the district under consideration are deter-

mined, with an amount of accuracy which it is permissible to give the

investigation.

Should an inspection establish the existence of sedimentary strata,

these would probably contain fossils, in which case an examination of

these organic remains would be of high importance, whether with the

view of discovering the relative geological age of the formation, or for

the purpose of comparing them with fossiliferous strata already classi-

fied in countries which have been thoroughly surveyed. To render

these researches complete, it is also important to institute jjurely

physical investigations, such as the determination of the height relative

to the sea level, of characteristic elevations, or depressions, either by
barometrical measurements or geodesical operations.

The economic value of the rocks, or minerals contained in the given

district, should such be ascertained. Their existence would probably

be revealed during the execution of the geological survey, and it

would be requisite, either during the progress of that work, or

after its completion, before concluding as to their value, to deter-

mine as far as possible the nature and extent of such deposits of

the useful metals ; the feasibility of extracting them, of preparing

them for commerce, or the industrial processes to -which it maybe
necessary to subject them, before they became available for the use in

the arts or manufactures.

In connexion with this department, a series of assays and chemical

analyses are highly useful to define the per centage of available

product contained in metallic ores, or the relative purity of gypsum,
marbles, and other non-metallic substances.

The prospects of obtaining a supply of water by means of Artesian

wells are dejiendent on geological conditions ; and as works of this na-

ture prosecuted under favorable geological indications have so often

been attended with success, a review of the circumstances which render

probable the existence of subterraneous accumulations of water under

hydrostatic pressure should not be omitted from any comprehensive

survey of the mineral resources of a country.

Another subject which deserves attention is the influence of geolo-

gical structure on agriculture, as exercised through the medium of the

soils, which are derived either from the decomposition of the subjacent

strata, or from detrital matter transported by aqueous agency from

more elevated land at a distance. Experience proves that alter a certain

time the richest lands become exhausted by cultivation, and only re-

acquire their fertilizing properties alter a lengthened period of repose;

during which the mineral constituents present in the soil are decom-

posed ; thus rendering accessible to vegetative processes those mineral

ingredients so essential to the life of phmts. An examination, then,

of a district under cultivation in connexion with its geological struc-

ture may frequently afford data for conclusions as to the relative

duration of its fertility, and if exhausted, of the time necessary for its

restoration to the productive condition.
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The application of chemical analysis to the determination of the

elementary constitnents of soil may also he included under the head
of economic geology. Its utility is manifest, since the comparison

of the composition of virgin soil with those cultivated, and of others

exhausted, will readily show what elements are extracted by certain

plants, and consequently what substances should be contained in the

manures applied by the cultivator to regenerate his estates.
•

Such are the principles which the surveyors appointed to report on
the economic geology of Trinidad liave kept steadily before them in

the execution of their task. In those respects in which they have
failed to accomplish the ends indicated above, they trust such defects

will be ascribed not to a deficiency of zeal on their part, but rather to

the limited means at their disposal ; to the difficulties opposed to

works of this nature in tropical countries, where many facts of vital

importance to correct conclusions are unfortunately concealed, or ob-

scured by the depth of the soil, and where the examination of localities

remote from lines of regular traffic is attended with a considerable

expenditure of time.

The district examined is comprised between the islands at the Bocas
on the west, and the hills above St. Joseph and Ancona Valley on tlie

east. In meridianal extension it ranges from the plain of Caroni to

the northern coast. Passing visits were also made to Cedros, Point-a-

Pierre, and the Pitch Lake, for the satisfaction of the late governor,

Sir Charles Elliot ; but the observations were not sufficiently detailed

to justify description. The following remarks will therefore relate to

the first named section of the country only.

The geological structure of this district consists of a metamorphized
strata, probably underlaid by gneiss, which nowhere comes to the

surface in Trinidad, but is the rock forming the point of Paria on the

adjacent coast of the main land.

This metamorphic series may be divided into the following mem-
bers :

A. Dark blue, sometimes nearly black limestone, laminar, or com-
I^act, not generally crystalline or micaceous, but traversed by nume-
rous veins of calc spar, (carbonate of lime ;) it occurs in layers inter-

stratified with shale containing laminar gypsum, and sometimes thin

beds of sandstone. This limestone deposit forms the island of Pato,
near the coast of the main land, the island of Gasparillo within the
gulf, and the southwest portion of the Laventille hills. This is the
uppermost number of the series, and has an average dip to the south at

a>'ariable angle. The beds are sometimes horizontal, at others nearly
vertical. Numerous faults traverse these districts, and the limestones
are at times much shattered. This division, as well as the succeeding,

are entirely unfossiliferous.

B. A series of beds, consisting of clay slates, sandstones, subordi-

nate mica slates, and a number of shales, often talcose ; but little

limestone appears in the group ; when i)resent its texture is crystal-

line. Extensive segregations of quartz have been induced between
tlie laminas of the beds of this system, often attaining a width of two
to three feet ; contortions are frequent, cleavage imperfect and irregu-
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lar, pyrites very abundant. Since clay slates occur in considerable
quantity in this system, they may be considered typical of the series.

C consists of crystalline and micaceous limestones not generally
traversed by veins of calc spar, in color varying from white to blue,
containing numerous caves often partially filled with stalagmitic
deposits of crystalline carbonate of lime.

D is composed of mica, chlorite, and quartzose slates
; ferruginous

shales, especially in the upper portion, whilst the lower is often
characterized by dark, apparently carbonaceous slates ; the original
structure very generally obliterated, but foliation exists in a "high
degree. The mica usually distinguished by a green color, contortions
frequent, aud quartz veins of still larger dimensions than in section
B, attaining a width of from four to six feet. The average dip of

this system is from S. 10° W. to S. 10° E.
The valleys intersecting this district contain alluvial deposits,

formed from the degradation of the adjacent hills, and consisting of,

1st, large rounded boulders of quartz and tabular pieces of the various
rocks just described.

2d. Beds of smaller boulders and pebbles.
3d. Soil and vegetable mould ; between them beds of variegated

clay often occur, and indeed the boulders, &c., are usually deposited
in the matrix of the sa,me nature.

MINERAL SUBSTANCES ENCOUNTERED IN THE ABOVE FORMATIONS WHICH MAY
POSSESS ECONOMIC VALUES.

The compact limestone of section A forms an excellent material
for macadamizing, and is further applicable for the purposes of quick-
lime, and for building where roughness of finish is not objectionable,

but the production of smooth surfaces, such as characterize firestone,

would require too great an expenditure of labor.

It has been proposed to apply the white limestone (section C) for

buildings or inferior marbles ; they would, however, probably be
available only for ornamental purposes, as these crystalline limestones
require very careful cutting to produce surfaces adapted for construc-
tion

; mica contained in these limestones might often communicate a
fissile structure, inducing the too facile separation of a block into

several pieces. To test their real value it would be judicious to make
experiments on the same scale of magnitude as the articles proposed
to be manufactured. The portions free from mica are tolerably pure,
containing 9G to 97 per cent, of carbonate of lime. (See analysis
furnished to the Colonial Secretary.)

QUARTZ.

The scattered boulders of this substance, found on the hill-sides or

in the beds of rivers, might be employed with advantage for the

repair of roads when the limestones are not present. Although very

hard, it is not sufficiently tough to resist severe friction. In Saxony
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a considerable portion of the roads are repaired with this material,

and when subject to heavy trafiic become very uneven, from unequal
resistance. On adjacent portions of tlie lines of communication, Avhere

basalt, a rock both hard and tough, is used, a very even surface is

preserved.

GYPSUM

Occurs in beds of shale between the limestone, in a tubular form,
but only in small quantities. It exists in abundance near St. Joseph,
formino; a bed at least twenty feet thick, lyin<T unconformably on
highly inclined shales and calcareous slates. This deposit is very
pure, containing 93 per cent, sulphate of lime, (analysis furnished to

the Colonial Secretary,) and would probably more than suffice in quan-
tity for the wants of the colony.

ALUM

Is found efflorescing on cliffs of mica slate on the north of the Boca
Islands ; and near Macaripe, on the north coast of Trinidad. An abun-
dant supply of this article might be obtained, but the low price it

commands in commerce, and the limited demand for it in this colony,
would scarcely justify the outlay of capital for its manufacture.

SULPHUR,

In small quantities, is associated with alum and gypsum deposits^
but does not require more than a mere notice of the fact.

SLATES.

The essential properties of good slates are a fine texture, compact-
ness, cohesion in one direction, resisting flexure, and at right angles
to this direction a highly fissile structure, depending more or less on
cleavage, and which should preserve a straight course in one and
the same place. For the advantageous working of a bed of slate it

must have a moderate width, and be tolerable free from quartz veins,
and other extraneous matter, which might destroy the regularity of
the structure. Although small pieces fulfilling all the requisites

may be obtained from the quarry at St. Ann's, generally the coarse-
ness of texture, the absence of transverse cohesion, the irregularity of
cleavage, and the interference of quartz veins, will prevent the appli-
cation of these slates to roofing purposes, but they may possess some
slight value in cases where the qualities just described can be partially
or wholly dispensed with.

GOLD.

. Reports have been circulated of the discovery of gold in the oxides
of iron, associated with quartz veins traversing clay slates at St. Ann's
quarry

; to ascertain the accuracy of such reports, four specimens of
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ferruginous quartz and three of gravel from the stream flowing at the
base of the section exposed were submitted to the gold assay without,
however, detecting the slightest trace of that metal.

Another specimen in Mr. Cruger's possession, given to him as
auriferous, and as proceeding from the slate quarry, was a dark green
slate, with disseminated pyrites, but quite dissimilar to any of the
strata detected in the section at the quarry. On examination it yielded
the remarkably insignificant amount of .00009 per cent, of silver, or

.03 ounce per ton, containing also a minute quantity of gold. It may
be remarked that traces of gold are often present in pyrites, but not
to such an extent as to warrant extraction, for which, in the case refer-

red to, about 250 tons, the amount indicated, would be requisite.

QUARTZ VEINS AND MINERAL LODES.

In reference to quartz veins it may be well to explain that they
must be distinguished from mineral veins, or lodes, which are mechan-
ical fissures, first open, and afterwards filled with metallic ores and a
variety of other minerals. No indication of the existence of such fis-

sures has been detected during the geological survey. The former
are due to metamorphic action, which has induced the segregation of

the excess of quartz into the lines of weakness between the lamina3 of
the strata produced by the stratification or cleavage ; the instances of
metals or metallic ores associated with these veins are exceptional,
although the substance next to be considered affords an illustration

of its occurrence, viz :

IRON.

The oxide of this metal is intimately mixed with quartz in certain

strata of this district, belonging to the mica slate or lowest division,

and found especially abundant in the " Quebrada de Hierro." Mag-
netic and sjjecular iron ores, free from quartz and containing 60 to 66
per cent, of metallic iron are found traversing quartzose slates, and
sandstones parallel to the laminar structure, and filling joints, or any
minor crevices which may exist. These iron ores are present in con-
siderable quantities, and the metal might undoubtedly be produced
from them, as the abundance of wood in the vicinity furnishes the
charcoal necessary for smelting; it is also probable the iron would be of

good quality, but the experience of other countries shows that the seg-

regated ores of iron contained in the metamorphic rocks are both ex-

pensive in extracting and difficult of reduction to the metallic state.

Considering these facts in connexion with the high price of skilled

labor, and the low price at which imported iron is furnished, it is

doubtful whether the attempt to work these deposits would be attended
with profit. The ores of iron are found so abundantly in the coun-
tries, which are the seats of its m^anufacture, that the expenses of ex-

traction and transport would scarcely allow the colonial ores, however
rich, to be advantageously exported. The blocks of iron ore found at

Gasparilla, though rich, are apparently present to a limited extent
only.
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CHROMIC IKON ORE.

This valuable mineral was said to have been met with in Laventille.
The specimen obtained bears a striking resemblance to titanic iron,

and on analysis was proved to contain only 1.02 per cent, chromic acid
;

while to be available as a commercial article, it should contain from
40 to 45 per cent, of this substance, which gives importance to the
mineral.

SILVER LEAD ORE.

This mineral, so often reported to exist in the district of Santa Cruz,
and of which samples have been frequently exhibited, was the su])ject

of a careful search in the localitife indicated, but nothing differing
from the features of the adjacent country could be detected, no signs
of mineral deposits, no trace of metallic combinations, or the usually
associated minerals; the specimens produced were those of an ordinary
lead ore, and contained 81 per cent, of lead, and 3.33 ounces of silver

to the ton, which small amount would not repay extraction.

QUICKSILVER.

It has also been currently reported and believed that there exists

a deposit of mercury in strata adjacent the Dry river ; without any
desire to discredit the fact of the mercury having been found there, it

may be stated that a particular examination of the locality appears
to indicate that its j)resence was the result of accident, and not due
to any natural deposit of that metal.

MINERAL SPRINGS.

The only one in this district likely ever to be of importance is the
tepid sulphur spring, which rises in the bed of the St. Joseph's river,

not far from the valley leading to the Cascade ; it is similar to those
mineral waters which have proved so highly beneficial in cutaneous
diseases. The White Sulphur Spring, in Virginia, is annually re-

sorted to by many thousands of visitors, who, whilst adding to the
wealth of the vicinity, derive great benefit from the use of the waters.

PITCH DEPOSITS WHICH MAY PROVE AVAILABLE POR GAS.

These remarks on the mineral value of the portion of the island
explored sliDuld not be concluded without allusion to the abundant
supply of pitch existing in the marls and clays of the western section

of the country, since so many applications of this are proposed and
the question of the success of some is now in course of solution.

The substance itself, and more particularly the adjacent strata im-
pregnated with pitchy matters, bear a resemblance in mineral char-
acter to the bituminous shales of Scotland, now attracting so much
attention in the home country, on account of the large proportion of
gas extracted from them, for which reason they command a price far
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exceeding that of ordinary coals. The latter are merely earthy beds
impregnated with hitumen, not applicable as fuel, from the circum-
stance that the combustible portion melts, and flows through the bars
of the furnace, but generating an amount of gas ,in some instances,
double the volume of that obtained from the regular coals. The
Trinidad pitch formation also consists of bituminous elements inti-

mately mixed with a variable per centage of earthy matter. It is

natural to conclude that well directed experiments might produce
results ajipoximating to those afforded in the instances referred to.

ATMOSPHERIC INFLUENCES.

Atmospheric variations in all climates have a material influence on
the harvests of a country, and nfthing less will suffice to the full

understanding of the peculiarities of climate than the comparison ot

observations on atmospheric phenomena made throughout entire
years. On this account, a record of meteorological data has been
executed by the geological department, and on a scale as complete as
circumstances would allow.

ANALYSIS OF SOILS.

The elementary constitutions of the soils, as well as their exhaus-
tion by cultivation, has also received attention, and a series of chemical
analysis of typical soils, and subsoils, is in progress, but the great
expenditure of time involved in researches of this nature has rendered
it difflcult to combine them with the duties more especially apper-
taining to the department.

PICTORIAL REPRESENTATIONS.

No written descriptions of a country can convey so faithful an idea
of its structure or appearance as when accompanied by pictorial

representations. The district geologically examined is amply illus-

trated by drawings' of interesting scenery and peculiar geological
features,

SPECIMENS.

The specimens collected during the examination, and illustrative of
the geology of the island, are arranged at the office of the survey, for
the inspection of such as experience an interest in the progress of the
inquiry.
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ON TABLES OF THE CONSTANTS OF NATURE AND ART.

BY CHARLES BABBAGB.

Amongst those works of science which are too large and too labori-

ous for individual efforts, and are therefore fit objects to be undertaken
by united institutions, I wish to point out one which seems eminently
necessary at the present time, and which would be of the greatest

advantage to all classes of the scientific world.

I would propose that its title should be '^The Constants of Nature
and of Art." It ought to contain all those facts which can be ex-

pressed by numbers in the various sciences and arts. A better idea

will be formed by giving an outline of its proposed contents, and it

may, perhaps, be useful to indicate the sources whence much of the

information may be drawn.
These constants should consist of

—

1. All the constant quantities belonging to our system : as distance

of each planet
;
period of revolution ; inclination of orbit, etc.

;
pro-

portion of light received from sun ; force of gravity on surface of each.

These need not be further enumerated, as they have already been
collected, and need only be copied.*

2. The atomic weights of bodies.

These may be taken from Berzelius, Thompson, or Turner.

The proportions of the elements of various compounds ; acids with

bases ; metals with oxygen, etc.

These may be taken from the best treatises on chemistry.

3. A list of metals, with columns containing specific gravity, elas-

ticity, tenacity, specific heat, conducting power of heat, conducting

power of electricity, melting point, refractive power, proportion of

rays reflected out of 1,000, at an incidence of 90°.

List of specific gravities of all bodies.

4. List of refractive indices.

dispersive indices,

polarizing angles.

4. List of angle formed by the axes of double refraction in crystals.

. * A work of this kind, embodying the results of eicence, has been projected for sometime
by M. PoggendorfF, of Berlin, and a specimen of it may be seen in his Jinnalen, xxi, p. 603

19 s
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These may be extracted from the writings of Brewster, Mitscherlich,
Herschel, Biot.

5. Number of known species of mammalia, birds, reptiles, fishes,

mollusca, worms, Crustacea, insects, zoophytes.

These classes might be further subdivided.

Additional columns should show how many of each are found in a
fossil state, and the proportion between the fossils of existing and ex-
tinct species.

6. List of mammalia, containing columns expressing height, length,
weight, weight of skeleton, weight of each bone, its greatest length,

its smallest circumference, its specific gravity; also the number of
young at a birth, the number of pulsations per minute whilst the
animal is in repose, the number of inspirations in the same circum-
stances, period of blindness after birth, period of sucking, period of
maturity, temperature, average duration of life, proportion of males
to females produced.

It would be desirable to select some bone for the unity of weight,
and perhaps of measure, and to give the proportion of all the other

bones to this standard one. The numerical relations thus established

might perhaps in some cases identify the sexes, or even the races of

the human species, when only a few bones were found. It would also

be highly interesting to compare the relative weight of the bones of

persons employed in different trades, and of persons dying from certain

constitutional diseases.

7. Of man. Average weight at various periods of existence^ height
of ditto, tables of mortality in various places, average duration of

reigns of sovereigns
;

proportions of the sexes born under various

circumstances
;
proportion of marriages under various circumstances

;

quantity of air consumed per hour
;
quantity of food necessary for

daily support ; average proportion of sickness amongst working
classes

;
proportion of persons dying from different diseases.

Many of these facts may be found in the writings of Villerme, Quete-
let, Bailly, Milne, etc.

8. Power of man and animals.

A man laboring ten per hours per day will saw ( ) square feet of deal,

ditto ( ) elm, ditto ( ) oak, etc., ditto Portland stone, ditto Purbeck
;

days labor in mowing, ploughing, etc., etc., every kind of labor,

raising water one foot high, horse ditto, ox or cow ditto, camel.

Power of steamengines in Cornwall.
Inclination of a road, both in degrees and number of feet, etc., or

of a base on wkich carriages and horses can trot, walk ; on which
horses cannot ascend, on which man cannot, on which a cart cannot
ascend.

9. Vegetable kingdom. Number of species known of monocotyle-
donous plants; number of species of dicotyledonous plants.

Number of species of the various natural groups.
Additional columns should show the number of species known in a

fossil state, together with that of extinct fossil species.

Also, average weight of vegetable produce of one acre in a year,
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when under different modes of cultivation ; hay, straw, wheat, tur-

nips, and mangel wurzel, potatoes, clover ; etc. produce of timber

per acre.

10. Tables of the geographical distribution of animals and of plants

;

of the average period of maturity and decay in various woods ; increase

in weight annually at different periods ; weight of potass produced
from earth

;
proportion of heat produced by burning given weight.

11. Atmospheric phenomena. Weight of air above a square inch;

square foot ; an acre ; a square mile of the earth's surface, barometer
at 30 inches. Weight of oxygen, of nitrogen^ of carbonic acid, above
the same spaces, under the same circumstances.

Weight of water in vapor above ditto at various degrees of hy-
grometer. Depth of rain falling annually at various places, in inches,

columns for number of year's observation, mean temperature, mean
height of barometer, height of places above the sea ; drainage of sur-

face-water for one, two, three, to ten inches, from each square of 100
feet side, each acre, or square mile, expressed in cubic feet, in gallons,

and in hogsheads ; water discharged per" or 1', per hour or per day^

under various circumstances, as found by experiment; velocity of rivers

and torrents to carry stones of given weight.

12. Materials. Height to which a column of any substance used in

building may be carried before the lowest layer is crushed ; weight
necessary to crush a cubic inch of each ; weight of cubic foot or cubic
yard. Angles at which sand, gravel of various sized pebbles, snow,
etc., support themselves. Strength necessary to pull asunder various
woods

; bars of metal of various dimensions ; weight to break ropes
and chains of various sizes ; column for weight to be safely borne by
them

; friction under various circumstances ; resistance of fluids.

Weight of coal to burn 10 bushels of lime ; weight of ashes to burn
10,000 brick ; of coke to make ton of wrought-iron ; tallow to make
soap, etc. ; and constants in all trades.

See Rennie, Tredgold, Prony, Eytelwein, Yenturi, etc.

13. Velocities. Arrow, musket ball at several distances, cannon ball,

sound, telegraph, light, birds.

Day'sjourney. Man, horse, heavy wagon, stage-coach, mail-coach,

camel, elephant, steam carriage, steamboat, balloon, greatest; average
passage Liverpool to New York, etc., of steamboats, Dublin to Liver-

pool ; London to Edinburgh, etc.

14. Length of all rivers ; water discharged Y>ev hour ; seas
;
pro-

portion of water to land on globe ; area of all seas and lakes in square
miles ; areas of all island's and peninsula and continents ; heights of

mountains ; depth of mines from surface
;

quantity of water
pumped out of mines.

Heights of above 7,000 points in Europe may be found in OrograpJiie,

the third volume of the Transactions of the Geographical Society of
Paris.

15. Poi^ulation, extent in square miles, revenue, etc., of kingdoms;
births, deaths, marriages, rate of increase, population of great towns.



292 TABLES OF CONSTANTS OF NATURE AND ART.

16. Buildings. Height of all temples, pyramids, churches, towers,
columns, etc.; also all single stones, as obelisks, and area covered by
ditto ; area of all great public buildings. Dimensions of all columns
in ancient temples

; lengths of all bridges ; of span of each arch, and
height, also breadth of piers.

Such tables may be found in Wiebeking, Architecture Civile, in—

.

17. Weights, measures, etc., factors and their logarithms to convert
all money of every country into English pounds sterling.

Factors and their logarithms to convert weights of every country
into English pounds avoirdupois.

foot and all measures in every country into English feet,

measures of area, acres, etc., into English acres,

liquid measures in every'country into English imperial gallons.
These are already collected in several works of Lohmann, of Dresden.

See also Universal Cambist.

18. Tables of the frequency of occurrence of the various letters of
the alphabet in different languages

; of the frequency of occurrence of
the same letters at the beginnings or endings ol words ; as the second
or as the penultimate letters of words ; of the number of double letters

occurring in different languages ; of the proportion of letters com-
mencing surnames amongst different nations.

See Quetelet, Correspondence math., also Dissertatio inauguralis
mathematica de literarum proportionibus, Ed. Hayez, Bruxelles, 1829.

19. Table of number of books in great public libraries at given
dates

;
number of students at various universities. Observatories of

the world; transit, its length, diameter of object- glass, maker; circle^

length of telescope, aperture, diameter of divided circle, maker.
It would be desirable to give the date of the different eras by which

time is computed, and perhaps tables of the reigns of sovereigns.
Also a chronological table, at least of scientific discoveries and their

authors.

In the above enumeration, which is far from complete, some few of
the uses of such a volume are noticed ; others will present themselves
to every reader, and probably many unexpected ones will arise. The
facts being all expressed in numbers, if printed in small type and
well arranged, would not occupy a large space. Most of the constants
mentioned in this list already exist, and the difficulty of collecting
them would consist chiefly in a judicious selection of those which
deserve the greatest confidence. The labor of extracting them from
a great variety of volumes, and of reducing the weights and measures
of othei- countries to our own, could be jierformed by clerks. To any
individual who might attempt it, it must be a work of great labor and
difficulty, and there are few persons possessing the varied knowlege
which such a task implies, wliose talents might not be differently

employed with more advantage to science. It is also certain that
such an assemblage of facts, emanating from the collected judgment
of many, would naturally command greater attention than if it were
the produce of any single individual, however eminent.

It appears, then, that such a work is particularly fitted to be the
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production of a body of men of science, and I would appeal to the
great academies of Europe whether they would not, by combining in

one volume so vast a collection of facts, confer an imjiortant advantage
upon science and upon all who are occupied with its pursuits. I

would suggest that three of the academies of Europe, perhaps the
Koyal Society, the Institute of France, and the Academy of Berlin,

should each publish at intervals of six years their own table of the
CONSTANTS OF NATURE AND ART. Thus thcse publications might succeed
each other at intervals of two years, and the man of science would
always be able to refer to the most recent determinations of the con-
stants he employs.

In order to execute the work, sub-committees of one or two persons
must be appointed to each department, who should be directed in the
first instance to prepare the outline of the constants they propose to

insert. These views should then be considered and classed by a small
committee, consisting of persons of general views and various knowl-
edge. The sub-committee should then collect and reduce to certain

standards the constants committed to them, and the whole should be
printed under the general superintendence of the committee, but each
part should be specially revised by its own sub-committee.
A preface should be prepared, stating as briefly as possible the

reasons for preferring or rejecting particular experiments or observa-
tions and also, generally, the degree of accuracy the several subjects

admit of. A good and concise system of reference should be made to

all the authorities for the numbers given. Whoever should undertake
the first work of this kind would necessarily produce it imperfect,

partly from omission, and partly from the many facts connected with
natural history, which, although measured by number, have not yet
been counted.

But this very deficiency furnishes an important argument in favor
of the attempt. It would be desirable to insert the heads of many
columns, although not a single number could be placed within them,
for they would thus point out many an unreaped field within our
reach which requires but the arm of the laborer to gather its produce
into the granary of science.

It is, however, to be hoped that no fear of the imperfection of a first

attempt will deter either any individual or any body of men from an
immediate endeavor to produce a work fraught with so many advan-
tages to knowledge. The task of revising it at each period of six years
will be comparatively easy, and the discussions of new observations or
additional experiments made during those intervals will have an
admirable eifect in exciting the ambition of the inquirers to bestow
such care as shall claim for their results a place in the volume, in

which the academy shall record the condensed expression of the knowl-
edge of their age and nation.

If I should be successful in inducing any scientific institution to enter
in the task, I am confident that many a weary hour, now wasted in

the search for existing knowledge, will be devoted to the creation of
.new, and that it will thus call into action a permanent cause of ad-
vancement towards truth, continually leading to the more accurate
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determination of established facts, and to the discovery and measure-
ment of new ones.

The following list ot those facts relating to mammalia, which can
be expressed by numbers, was first printed in 1826. It was intended
as an example of one chapter in a great collection of facts which the
author suggested under the title of the " Constants of nature and
ART." About 200 copies were circulated at that period. The num-
ber of persons, however, then engaged in cultivating science was small,

and the author's own pursuits prevented him from attempting to fill

up any part of the details of the subject. The want of some
central body to which individual results might be confided for the
purpose of arrangement also impeded the publication of such results

as may have been collected.

The present time ofiers a far more favorable combination of circum-
stances. Science itself is cultivated by a much larger number of per-

sons. Stationary scientific societies have become more special in their

particular objects. Other societies assembling periodically in different

cities have brought into personal acquaintance men of all countries

following kindred pursuits. The newest feature of the times, "con-
gresses for special objects," bring together men who have deeply
studied those objects, who have felt the want of union as an impedi-
ment to their advancement, and who assemble together to agree upon
principles and methods of observation, which^ whilst they shorten the

labor of individual research, contribute towards rendering most pro-

ductive the united efforts of the collective body of inquirers.

The accompanying skeleton of facts susceptible of measure, apper-
taining to mammalia alone, might occupy usefully a large number of

different inquirers. If those distinguished men who are at the head
of the great schools of comparative anatomy would suggest to their

pupils the measurement and weight of the various skeletons of animals
occasionally coming under their control, much advantage would be
derived from the exercises afforded to the students, whilst, by causing
these successive measurements of the same individual to be made and
recorded by several pupils, any casual error would be corrected.

The directors of zoological gardens and other menageries might
readily supply a daily account of the food consumed by the animals,

whilst every intelligent visitor might himself count and register the

inspirations of the animals. Even in the farm-house and in the

country village several of these inquiries might be successfully pur-

sued. The proportion of the sexes amongst our poultry and our
domesticated animals,, the rates of their pulse and their inspirations,

are at present unrecorded in works of natural history.

In order to promote and render useful these contributions of indi-

viduals, it is essentially necessary tliat some centre of action should
be arranged, to which all communications should be addressed, and
by which they should be recorded from time to time in the periodical

publications of the day. AVhen a sufficient number had thus accu-

mulated, a special memoir on the subject might be contributed to some
philosophical society, in which the deductions arising from these facts

might be pointed out, and the most interesting direction of further

researches indicated.
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It is scarcely to be expected that any one individual will, even for

a single animal, be able to fill np the whole of the measures pointed

out in this short paper, and it would be much to be regretted if this

enumeration should from its extent discourage any observer. As,

however, some definite portions of this labor, within reach in the

course of the next twelvemonth, might perhaps, if accomplished,

supply a stimulus to more extensive inquiries, I would propose to

those who possess microscopes the determination of the diameter of

the globules of the blood of various animals, and to those who are not

in the possession of such instruments, or cannot spare the time neces-

sary for their use, I would propose the determination of the rate of

breathing of various mammalia. The numerous collections of animals

now distributed over the continent would render this limited portion

of the task a work of comparatively little difiiculty.

OBSERVATIONS.
Name.

1. Length from tip of tail to end of nose.

2. Height from ground to top of shoulder.

3. Length of tail.

4. Length of head.

5. Greatest breadth of head.

6. Weight of animal.

7. Weight of skeleton.

8. Number of mamma;.

9. Period of gestation, in da)'s.

10. Period of blindness after birth.

IL Period at which they cease sucking.

12. Period of maturity.

13. Period of old age.

14. Number of young at a birth.

15. Proportion of males to females.

16 Animal heat ; thermometer centigrade.

17. Number of pulsations per minute, awake, asleep.

18. Number of inspirations per minute, awake, asleep.

19. Number of species known.

20. Number of toes or claws on fore foot.
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OBSERVATIONS.
Name.

21. Number of toes or claws on hind foot.

22. Divisions of hoof.

23. Facial angle.

24. Nature of food, average weight in 24 hours.

25. Excretions, solid and fluid, in 24 hours.

26. Velocity in motion.

27. Day's journey.

28. Weight carried.

29. Greatest length.

30. Breadth at ears.

31. Height.

32. Weight.

33. Specific gravity.

34. Breadth between iua r corner ^ of eyes.
^

Cranium.

35. Length.

36. Greatest breadth.

37. Specific gravity.

38. Length.

39. Distance from tip to tip.

40. Weight of each.

41. Specific gravity.

42. Weight.

43. Specific gravity.

44. Weight.

45. Specific gravity.

46. Greatest length.

-Lower jaw.

Horns.

I Clavicula.

VSca,pula.

1

47. Greatest diameter at upper end.

48. Greatest diameter at lower end.

49. Smallest diameter.

50. Weight.

-Humerus.

51. Specific gravity.
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OBSERVATIONS.
Name.
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62.
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OBSERVATIONS.
Name.

82.

83.

84.

85.

86.

87.

Length.

Smallest diameter.

Weight.

Spec. grav.

Number.

Weight of ditto.

89. Spec. grav.

90. Number.

9L Length of each or of largest.

92. Weight of ditto.

93. Spec. grav. of ditto.

94. Length.

95. Spec. grav.

96. Total number.

97. Total length.

Number of cervical.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Total length of ditto.

Weight of each.

Spec. grav. of each.

Number of dorsal.

Total length of ditto.

Weight of each.

Spec. grav. of eacli.

Number of lumbar.

Total length of ditto.

Weight of each.

Spec. grav. of each.

Number of sacral.

Total length of ditto.

Weight of each.

Spec. grav. of each.

1

}- Fibula.

Length of each or of largest.

-Tarsal bones.

\- Metatarsal bones.

Sternum.

Vertebra;.

Vertebra.

J

}- Vertebrae.

>- Vertebra?.

I- Vertebne
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OBSERVATIONS.
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Name.

114.

115.

116.

117.

lis.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Number of caudal.

Total lengtli of ditto.

Weight of each.

Spec. gray, of each.

Grinders. Number.

Weight of each.

Spec. grav. of eacli.

Canine.

Weight of each.

Spec. gray, of each.

Incisiye.

Weight of each.

Spec. grav. of each.

Grinders.

Weight of each.

Spec. grav. qf each.

Canine.

Weight of each.

Spec. grav. of each.

Incisive.

Weight of each.

Spec. gray, of each.

Structure of grinders.

1

} Vertebra.

Upper jaw"!

^ Teeth.

-Lower jaw
^

Proportion of weight of cerebrum to that of body.

Proportion of weight of cerebrum to cerebellum.

Length of intestinal canaL

Proportion of intestinal canal to length of body.

Proportion of intestinal canal to its circumference.

Diameter of the globules of blood.
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Blank table cf measitranenis for mammals adopted by the Smithsonian Inditulion.

Species—
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Blank table of measurementsfor fishes.

Species—

Rays. P. V. D. A.

Body.

General shape

Greatest height -

Greatest thickness

Greatest height to length, as :;

Greatest thickness to greatest height, as ::

Head—(side) to length, as ::

Head—(ahove) to length, as ::

Mouth.

Most projecting jaw, mouth shut

Distance from centre of eye to the snout to same distance

to end of operculum, in diameters of eye, as

Distance from snout to tip of operculum, in diameters of

eye

Relation of nape to angle between lines from centre of

eye to two extremities of commissure

Eolations of the eye to anterior edge of operculum

Mucous lines

Fins.

Dorsal—Relation to centre of axis

" " ventral

" " anal.
'

' Base to height ;:

" Last ray to longest ::

Total length of lOOths

Pectoral—Relation to dorsal

•

'

" to ventral

Total length in lOOths

Ventral—Relation to anal

Total length in lOOths

Anal—Base to height ::

' * Last ray to longest ::

Total length in lOOths

Caudal—Shortest central ray to longest ;:

Total length in lOOths

Scales.

Curve and position of the lateral line

Number of scales in lateral line

Rows from dorsal line in front of dorsal ray to lateral line-

Rows from lateral line to base of ventral

Rows encircling body posterior to dorsal fin -

Rows around the tail

Oblique rows from nape to dorsal.

Oblique rows from dorsal to caudal

Number of vertebrae ._

C.
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The capital letters at the head of the preceding table refer: P. to the pectoral fin ; V. to

the ventral ; D. to the dorsal ; A. to the anal ; C. to the caudal ; and the blanks after

each are to be filled up with the number of bony rays in each fin.

The unit of measure h considered to be the total length of the fish divided into 100
equal parts. All the dimensions may be given in terms of this unit. In order to obtaia

the number of hundredths of the total length of the fish in any given amount, it is only
necessary to use the total length in inches and hundredths as a constant denominator.
Thus, in a fish 7, 35 inches long, a height of 2. 55 inches would be_f^|, or about . 35 of the

total length.

The most important measurements for birds are: the length from
point of bill to end of tail, the distance between the tips of the out-

stretched wings, and the distance from the first or carpal joint to the

end of the longest primary quill. These should always be taken
before skinning, and recorded on the label; other important measure-
ments which can be taken from the dried specimen, however, are, the

length of the bill along the upper edge and along the cleft of the

mouth, the length of the tarsus, and the length of the longest and
shortest tail feathers. The colors of the iris, the inside of the mouth,
the bill and the feet, may also be recorded to advantage, especially

the first mentioned.
[The physical tables now in process of stereotyping, which have

been prepared under the direction and at the expense of the Smith-
sonian Institution by Professor Guyot, will form a part of the impor-
tant work proposed in this article.]
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ON THE MODE OF TESTINa BUILDINQ MATERIALS,

AND AN ACCOUNT OF THE MARBLE USED IN THE EXTENSION OF THE UNITED
STATES CAPITOL.

BY PROFESSOR JOSEPH HENRY,
SECRETART OF THE SMITUSONIAN INSTITUTION.

[Read before the American Association for the advancement of science.]

A commission was appointed by the President of tlie United States,

in November, 1851, to examine the marbles which were offered for the
extension of the United States Capitol, which consisted of Greneral
Totten, A. J. Downing, the Commisioner of Patents, the Architect,
and myself. Another commission was snbsequently appointed in the
early part of the year 1854 to repeat and extend some of the experi-
ments, the members of which were General Totten, Professor Bache,
Captain Meigs, and myself.

A part of the results of the first commission were given in a report
to the Secretary of the Interior, and a detailed account of the whole
of the investigations of these committees will ultimately be presented
in full in a report to Congress, and I propose here merely to state

some facts of general interest, which may be of importance to those
engaged in similar researches.

Though the art of building has been practised from the earliest

times, and constant demands have been made, in every age, for the
means of determining the best materials, yet the process of ascertain-
ing the strength and durability of stone apjjears to have received but
little definite scientific attention ; and the commission, who had never
before made this subject a special object of study, were surprised with
unforeseen difiiculties at every step of their progress, and came to

the conclusion that the processes usually employed for solving these
questions are still in a very unsatisfactory state.

It should be recollected that while the exterior materials of a build-
ing are to be exposed for centuries, the conclusioms desired are to

be drawn from results produced in the course of a few weeks.
Besides this, in the present state of science, we do not know all the

actions to which the materials are subjected in nature, nor can w© fully

estimate the amount of those which are' known.
The solvent power of water, which even attacks glass, must in time

produce an appreciable effect on the most solid material, particularly
where it contains, as the water of the atmosphere always does, car-
bonic acid in solution. The attrition of silicious dusts, when blown
against a building, or washed down its sides by rain, is evidently
operative in wearing away the surface, though the evanescent portion
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removed at each time may not be indicated by the nicest balance.
An examination of the basin which formerly received the water from
the fountain at the western entrance of the Capitol, now deposited in
the Patent Office, will convince any one of the great amount of action
produced principally by water charged with carbonic acid. Again,
every flash of lightning not only generates nitric acid—which, in
solution in the rain, acts on the marble—but also by its inductive
efiects at a distance produces chemical changes along the moist wall,
which are at the present time beyond our means of estimating. Also,
the constant variations of temperature from day to day, and even from
hour to hour, give rise to molecular motions which must affect the
durability of the material of a building. Recent observations on the
pendulum have shown that the Bunker Hill monument is scarcely for

a moment in a state of rest, but is constantly warping and bending
under the influence of the ever varying temperature of its different sides.

Moreover, as soon as the polished surface of a building is made rough
from any of the causes aforementioned, the seeds of minute lichens and
mosses, which are constantly floating in the atmosphere, make it a
place of repose, and from the growth and decay of the microscopic
plants which spring from these, discoloration is produced, and disin-

tegration assisted. But perhaps the greatest source of dilapidation in

a climate like ours is that of the alternations of freezing and thawing
which take place during the winter season ; but though the effect of

this must be comparatively large, yet, in good marble, it requires the

accumulated results of a number of years in order definitely to estimate

its amount.
From a due consideration of all the facts, the commission are con-

vinced that the only entirely reliable means of ascertaining the com-
parative capability of marble to resist the weather is to study the actual

effects of the atmosphere upon it, as exhibited in buildings which for

years have been exposed to these influences. Unfortunately^ however,
in this country, but few opportunities for applying this test are to be
found. It is true some analogous information may be derived from
the examination of the exposed surfaces of marble in their out crops

at the quarry ; but in this case the length of time they have been ex-

posed, and the changes of actions to which they may have been sub-

jected during, perhaps, long geological periods, are unknown ; and
since different quarries may not have been exposed to the same action,

they do not always afford definite data for reliable comparative
estimates of durability, except where different specimens occur in the

same quarry.

As we have said before, the art of testing the quality of stone for

building purposes is at present in a very imperfect state ; the object is

to imitate the operations of nature, and at the same time to hasten

the effect by increasing the energy of the action, and, after all, the

result may be deemed but as approximative, or, to a considerable de-

gree, merely probable.

Al3out twenty years ago an ingenious process was devised by M.
Brard, which consists in saturating the stone to be tested with a solu-

tion of the sulphate of soda. In drying, this salt crystallizes and ex-

pands, thus producing an exfoliation of surface which is supposed to
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imitate the effect of frost. Though this process has been much relied

on, and generally employed, recent investigations made -by Dr. Owen
lead us to doubt its perfect analogy with that of the operations of na-
ture. He found that the results produced by the actual exposure to
freezing and thawing in the air, during a portion of winter, in the
case of the more porous stones, produced very different results from
those obtained by the use of the salt. It appears from his experiments
that the action of the latter is chemical as well as mechanical.
The commission, in consideration of this, have attempted to produce

results on the stone by freezing and thawing by means of artificial

cold and heat. This process is, however, laborious ; each specimen
must be inclosed in a separate box fitted with a cover, and the amount
of exfoliation produced is so slight that in good marble the operation
requires to be repeated many times before reliable comparative results
can be obtained. In prosecuting this part of the inquiries unforeseen
difiiculties have occurred in ascertaining precisely the amount of the
disintegration, and it has been found that the results are liable to be
vitiated by circumstances which were not foreseen at the commence-
ment.

It would seem at first sight, and the commission when they under-
took the investigation were of the same opinion, that but little diffi-

culty would be found in ascertaining the strength of the various spe-
cim^ens of marbles. In this, however, they were in error. The first

difliculty which occurred was to procure the proper instrument for the
purpose. On examining the account of that used by Eennie, and
described in the Transactions of the Koyal Society of London, the com-
mission found that its construction involved too much friction to allow
of definite comparative results. Friction itself has to be overcome as
well as the resistance to compression, and, since it increases in pro-
portion to the pressure, the stronger stones would appear relatively
to withstand too great a compressing force.

The commission first examined an hydraulic press, which had pre-
viously been employed in experiments of this kind, for the use of the
government, but found that it was liable to the same objection as that
of the machine of Eennie. They were, however, extremely fortunate
subsequently in obtaining, through the politeness of Commodore Bal-
lard, commandant of the navy yard, the use of an admirable instru-
ment devised by Major Wade, late of the United States army, and
constructed under his direction for the purpose of testing the strength
of gun metals. This instrument consists of a compound lever, the
several fulcra of which are knife edges, opposed to hardened steel sur-
faces.

_
The commission verified the delicacy and accuracy of the

indications of this instrument by actual weighing, and found, in
accordance with the description of Major Wade, the equilibrium was
produced by one pound in opposition to hvo hundred. In the use of
this instrument the commission were much indebted to the experience
and scientific knowledge of Lieutenant Dahlgreen, of the navy yard,
and to the liberality with which all the appliances of that important
public establishment were put at their disposal.
"Specimens of the different samples of marble were prepared in the

form of cubes of one inch and a half in dimension, and consequently

20 s
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exhibiting a base of two and a quarter square inches. These were
dressed by ordinary workmen with the use of a square, and the oppo-

site sides made as nearly parallel as possible by being ground by hand
on a flat surface. They were then placed between two thick steel

plates^ and in order to insure an equality of pressure, independent of

any want of perfect parallelism and flatness on the two opposite sur-

faces, a thin plate of lead was interposed above and below between the

stone and the plates of steel. This was in accordance with a plan

adopted by Rennie, and that which appears to have been used by most,

if not all, of the subsequent experimenters in researches of this kind.

Some doubt, however, was expressed as to the action of interposed lead,

which induced a series of experiments to settle this question, when
the remarkable fact was discovered that the yielding and approxi-

mately equable pressure of the lead caused the stone to give way at

about half the pressure it would sustain without such an interposition.

For example, one of the cubes precisely similar to another, which
withstood a pressure of upwards of 60,000 pounds when placed in

immediate contact with the steel plates, gave way at about 30,000 with

lead interposed. This interesting fact was verified in a series of ex-

periments, embracing samples of nearly all the marbles under trial,

and in no case did a single exception occur to vary the result. The
explanation of this remarkable phenomenon, now that the fact is

known, is not difiicult. The stone tends to give way by bulging out

in the centre of each of its four perpendicular faces, and to form two
pyramidal figures with their apices opposed to each other at the centre

of the cube and their bases against the steel plates.

In the case where rigid equable pressure is employed, as in that of

the thick steel plate, all parts must give way together. But in that of

a yielding equable pressure, as in the case of interposed lead, the stone

first gives way along the outer lines or those of least resistance, and
the remaining pressure must be sustained by the central portions around
the vertical axis of the cube.

After this important fact was clearly determined, lead and all other

interposed substances were discarded, and a method devised by which

the upper and lower surfaces of the cube could be ground into perfect

parellelism. This consists in the use of a rectangular iron framo, into

which a row of six of the specimens could be fastened by a screw at

the end. The upper and lower surfaces of this iron frame were

wrought into perfect parallelism by the operation of a planing ma-
chine. The stones being fastened into this, with a small portion of

the upper and lower parts projecting, the whole were ground down to

a flat surface, until the iron and the face of the cubes were thuji

brought into a continuous plane. The frame was then turned over,

and the opposite surfaces ground in like manner. Care was, of course,

taken that the surfaces thus reduced to perfect parallelism, in order to

receive the action of the machine, were parallel to the natural bed of

the stone.

All the specimens tested were subjected to this process, and in their

exposure to pressure were found to give concordant results. The
crushing force exhibited was therefore much greater than that hereto-

fore triv^en for the same material.
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The commission also determined the specific gravities of the different

samples submitted to their examination, and also the quantity of water

which each absorbs.

They consider these determinations, and particularly that of the re-

sistance to crushing, tests of much importance, as indicating the cohe-

sive force of the particles of the stone, and its capacity to resist most
of the influences before mentioned.
The amount of water absorbed may be regarded as a measure of

the antagonistic force to cohesion, which tends, in the expansion of

freezing, to disintegrate the surface. In considering, however, the

indication of this test, care must be taken to make the comparison
between marbles of nearly the same texture^, because a coarsely crystal-

lized stone may ai)parently absorb a small nuantity of water, while in

reality the cement which unites the crystals of the same stone may
absorb a much larger quantity. That this may be so was clearly

established in the experiments with the coarsely crystallized marbles
examined by the commission. When these were submitted to a liquid

which slightly tinged the stone, the coloration was more intense around
the margin of each crystal, indicating a greater amount of absorption

in these portions of the surface.

The marble chosen for the Capitol is a dolomite, or, in other words,
is composed of carbonate of lime and magnesia in nearly atomic pro-

portions. It was analyzed by Dr. Torrey of New York, and Dr. G-enth

of Philadelphia. According to the analysis of the former it consists

in hundredths parts of

—

Carbonate of lime 54.621
Carbonate of magnesia 43.932
Carbonate of protoxide of iron 365
Carbonate of protoxide of manganese (a trace) mica .472
Water and loss 610

The marble is obtained from a quarry in the southeasterly part of
the town of Lee, in the State of Massachusetts, and belongs to the
great deposit of primitive limestone which abounds in that part of the
district. It Is generally white, with occasional blue veins. The struc-
ture is fine grained. Under the microscope it exhibits fine crystals of
colorless mica, and occasionally also small particles of bisulphuret of
iron.

^
Its specific gravity is 2.8620; its weight 178.87 lbs. per cubic

foot ; it absorbs .103 parts of an ounce per cubic inch, and its porosity
Is great in proportion to its power of resistance to pressure. It sus-
tains 23.917 lbs. to the square inch. It not only absorbs water by
capillary attraction, but in common with other marble suffers the dif-

fusion of gases to take place through its substance. Dr. Torrey found
that hydrogen and other gases, separated from each other by slices of
the mineral, diffuse themselves with considerable rapidity through the
partition.

This marble, soon after the workmen commenced' placing it in the
the walls, exhibited a discoloration of a brownish hue, no trace ot
which appeared so long as the blocks remained exposed to the air in
the stonecutter's yard. A variety of suggestions and experiments
were made in regard to the cause of this remarkable phenomenon,
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and it was finally concluded that it wa& due to the previous absorp-
tion by the marble of water holding in solution a small portion of

organic matter, together with the absorption of another portion of

water from the mortar.

To illustrate the process let us suppose a fine capillary tube, the
lower end of it immersed in water, and of which the internal diameter
is sufficiently small to allow the liquid to rise to the top, be exposed
to the atmosphere ;

evaporation will take place at the upper surface

of the column, a new portion of water will be drawn up to supply the
loss ; and, if this process be continued, any material which may be
dissolved in the water, or mechanically mixed with it, will be found
deposited at the upper orifice of the tube, or at the point of evapora-
tion.

If, however, the lower portion of the tube be not furnished with a

supply of water, the evaporation at the top will not take place, and
the deposition of foreign matter will not be exhibited, even though the

tube itself may be filled with water impregnated with impurities.

The 23ores of the stones, so long as the blocks remain in the yard, are

in the condition of the tube not supplied at its lower end with water,

and consequently no current takes place through them, and the amount
of evaporation is comparatively small ; but when the same blocks are

placed in the wall of the building, the absorbed water from the mortar
at the interior surface gives the supply of the liquid necessary to carry

the coloring materials to the exterior surface, and deposit it at the
outer orifices of the pores.

The cause of the phenomenon being known, a remedy was readily

suggested, which consisted in covering the surface of the stone to be
embedded in mortar with a coating of asphaltum. This remedy has
apparently proved successful. The discoloration is gradually disap-

pearing, and in time will probably be entirely imperceptible.

This marble, with many other specimens, was submitted to the

freezing process fifty times in succession. It generally remained in

the freezing mixture for twenty-four hours, but sometimes was I'rozen

twice in the same day. The quantity of material lost was .00315

parts of an ounce. On this data Captain Meigs has founded an in-

teresting calculation which consists in determining the depth to which
the exfoliation extended below the surface as the effect of its having
been frozen fifty times. He found this to be very nearly the ten thou-

sandth part of an inch. Now, if we allow the alternations of freezing

and thawing in a year on an average to be fifty times each, which, in

this latitude, would be a liberal one, it would require ten thousand
years for the surface of the marble to be exfoliated to the depth of one

inch. This fact may be interesting to the geologist as well as the

builder.

Quite a number of different varieties of marble were experimented
upon. A full statement of the result of each will be given in the

reports of the committees.

At the meeting of the Association at Cleveland, I made a commu-
nication on the subject of cohesion. The paper, however, was pre-

sented at the last hour ;
the facts were not fully stated, and have

never been published. I will, therefore, occupy your time in briefly
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presenting some of the facts I then intended to commuuicatej and
which I have since verified b}^ further experiments and observations.

In a series of experiments made some ten years ago, I showed that
the attraction of the particles for each other of a substance in a liquid
form was as great as that of the same substance in a solid form. Con-
sequently_, the distinction between liquidity and solidity does not
consist in a difference in the attractive power occasioned directly by
the repulsion of heat ; but it depends upon the perfect mobility of the
atoms,, or a lateral cohesion. We may explain this by assuming an
incipient crystallization of atoms into molecules, and consider the first

efiect of heat as that of breaking down these crystals and permitting
each atom to move freely around every other. When this crystalline

arrangement is perfect, and no lateral motion is allowed in the atoms,
the body may be denominated perfectly rigid. We have approxi-
mately an example of this in cast-steely in which no slipping takes
place of the parts on each other, or no material elongation of the
mass ; and when a rupture is produced by a tensile force, a rod of this

material is broken with a transverse fraction of the same size as that
of the original section of the bar. In this case every atom is sepa-
rated at once from the other, and the breaking weight may be consid-
ered as a measure of the attraction of cohesion of the atoms of the
metal.

The effect, however, is quite different when we attempt to pull
apart a rod of lead. The atoms or molecules slip upon each other.
The rod is increased in length, and diminished in thickness, until
a separation is produced. Instead of lead we may use still softer

materials, such as wax, putty, &c., until at length we arrive at a
substance in a liquid form. This will stand at the lower extremity
of the scale, and between extreme rigidity on the one hand, and
extreme liquidity on the other, we may find a series of substances
gradually shading from one into the other.

According to the views I have presented, the difference in the
tenacity in steel and lead does not consist in the attractive cohesion
of the atoms, but in their capability of slipping upon each other.

From this view it follows that the form of the material ought to have
some effect upon its tenacity, and also that the strength of the article

should depend in some degree upon the process to which it had been
subjected.

For example, I have found that softer substances in which the outer
atoms have freedom of motion, while the inner ones, by the pressure
of those exterior, are more confined, break unequally ; the inner
fibres, if I may so call the rows of atoms, give way first, and entirely

separate, while the exterior fibres show but little indications of a
change of this kind.

If a cylindrical rod of lead three quarters of an inch in diameter,
turned down on a lathe in one part to about a half of an inch, and
then be gradually broken by a force exerted in the direction of its

length, it will exhibit a cylindrical hollow along its axis of half an
ijich in length, and at least a tenth of an inch in diameter. With
substances of greater rigidity this effect is less apparent^ but it exists
even in iron, and the interior fibres of a rod of this metal may be
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entirely separated, while the outer surface presents no appearance of

change.
From this it would appear that metals should never be elongated

by mere stretching, but in all cases by the process of wire-drawing,

or rolling. A wire or bar must always be weakened by a force which
permanently increases its length without at the same time compress-

ing it.

Another effect of the lateral motion of the atoms of a soft heavy

body, when acted upon by a percussive force with a hammer of small

dimensions in comparison with the mass of metal. For example, if a

large shaft of iron be hammered with an ordinary sledge, the ten-

dency would be to expand the surface so as to make it separate from

the middle portions. The interior of the mass by its own inertia

becomes as it were an anvil, between which and the hammer the ex-

terior portions are stretched longitudinally and transversely. I here

exhibit to the Association a piece of iron originally from a square bar

four feet long, which has been so hammered as to produce a perfora-

tion of the whole length entirely through the axis. The bar can be

seen through as if it were the tube of a telescope.

This fact appears to me to be of great importance in a practical

point of view, and may be connected with many of the lamentable

accidents which have occurred in the breaking of the axles of loco-

motive engines. These, in all cases, ought to be formed by rolling,

and not with the hammer.
The whole subject of the molecular constitution ot matter offers a

rich field for investigation^ and isolated facts, which are familiar to

almost every one, when attentively studied, will yield results alike

interesting to abstract science and practical art.
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DESCKIPTION OF THE OBSERVATORY AT ST. MARTIN,
ISLE JESUS, CANADA EAST,

Latitude 45° 32' north, longitude 73° 36^ loest. Height above the level

of the sea 11% feet. Erected hy Charles Smallioood, 31. D. , L. L. D.

We preface Dr. Smallwoocl's own account of his observatory by a

sketch of the general appearance of the buikling and instruments,

from the pen of Dr. Hall, published in the Montreal Gazette.

A small wooden building, distant about twenty yards from the

dwelling house of Dr. Smallwood, contains the whole of the apparatus

which has for so many years furnished such valuable results. A short

distance from it, and on a level with the ground, is the snow gauge.

Immediately in front of the entrance to the small building is a dial,

with an index to point out the course of the clouds. Contiguous to

the building again may be seen four erect staffs. The highest of

which—80 feet—is intended for the elevation of a lighted lantern, to

collect the electricity of the atmosphere^ the copper wires from which

lead through openings in the roof of the building to a table inside, on

which a four-armed insulated conductor is placed. The lantern is

made to ascend and descend on a species of railway, in order to obviate

all jarring. On another pole is placed the wind vane, which, by a series

of wheels moved by a spindle, rotates a dial inside the building marked
with the usual points of the compass. Another staff, about 30 feet high,

contains the anemometer, or measurer of the force of the wind, which,

by a like arrangement of apparatus, is made to register its changes

inside. The last pole^, 20 feet in height, contains the rain gage, the

contents of which are conducted by tubing also into the interior of the

building, in which, by a very ingenious contrivance, the commence-
ment and ending of a fall of rain are self-marked.

At the door entrance on the right side is a screeaied place, exposed

to the north, on which the thermometer and wet bulb thermometer

are placed, four feet from the surface of the earth. A similar apart-

ment on the left contains the scales with which experiments had been

conducted throughout the winter to ascertain the proportional evapo-

ration of ice.

On entering the door, in the centre of tlie apartment is a transit

instrument in situ, for tiie convenience of using which openings are

made in the roof, usually kept closed by traps. This apparatus is not

the most perfect of its kind, but is amply adequate for all its uses.

On the left is a clock, the works of which, by means of a wheels are

made (while itself keeps proper time) to move slips of paper along

little railways, on which the anemometer by dots registers the velocity
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of the wind ; the rain ga«;e, the commencement and end of showers

;

and the wind vane, the continually shifting currents of wind. This
is effected by a pencil kept applied by a spring to a piece of paper on
the dial previously alluded to, and as by the clock-work the dial, and
the two previously mentioned slips of paper move at the rate of one
inch per hour, so it is easy to determine, in the most accurate manner,
the direction and force of the wind at any hour of the day, or any

ssiallwood's observatory.
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period of the hour. Now, with the exception of the clock, the whole

of this miniature railway work, with all its apparatus, wheels, &c. , &c.,

is the work of Dr. Smallwood's own hands^ and exhibits, on his part,

a mechanical talent of the highest order.

At the extreme end of the room is a table, beneath which is an ar-

rangement for a heating apparatus, and on -which is the four arm con-

ductor previously alluded to. To the two lateral and front arms

hang, respectively, two of Volta's electrometers, and one of Bennet's,

while beneath the knob on the anterior, there is a discharging appa-

ratus, with an index playing over a graduated scale, to measure

during thunder storms the force of the electric fluid, by the length of

its spark. On this subject we cannot avoid a reflection on the fate of

the unfortunate Richman. In this case such precautions are adopted

as will obviate any casualties whatever
;
great precaution, however, is

required in these experiments, and Dr. Smallwood, fully aware of it,

has the whole placed in connexion with the earth by means of a brass

chain and iron rod. As another proof of Dr. Smallwood's ingenuity

and mechanical skill, we may notice that the whole of this apparatus,

even to the electrometers, is the result of his own handicraft ; and the

whole arrangements in the little room are a signal proof how much a

man may do unaided, and how well he can effect an object if t^jrown

entirely upon his own resources.

On the right wall of the apartment are suspended the barometers,

of which there are three. 1. A standard of Newman's ; 2. Another
of Negretti's, but of different construction ; and 3d. One of Doctor

Smallwood's own construction. The means of the three observations

is the measure adopted for the observation.

The only other instrument deserving of notice is the one to deter-

mine the terrestrial radiation ; and this also has been made by Dr.

Smallwood. It consists of a mirror of speculum metal, (composed of

copper, zinc, and tin,) of six inches in diameter, and wrought into

the form of a parabolic surface, in the focus of which, at the dis-

tance of eight feet, a self-registering spirit thermometer is placed.

The construction of this was a labor requiring great nicety in

execution, and involving the sacrifice of much time ; but perseverance

even here conquered the difiiculties, and we witnessed a mirror whose
reflecting powers would not have disgraced Lord Ross' telescope. In
fact, placed in a telescope it has, we were informed, proved itself capable

of resolving those singular stellar curiosities—the double stars.

Dr. Smallwood certainly deserves great credit for his perseverance

in a favorite study, under the most unpromising circumstances ; but

in nothing is he so remarkable as in that peculiar ingenuity which
has led him to overcome difiiculties in the prosecution of scientific

enquiry, which, to most minds, would have been utterly discouraging.

The Natural History Society of Montreal intend to petition the

legislature for a grant of money to enable them to publish Dr. Small-

wood's tables of observations for the last twelve years. This is a most
laudable measure, and must meet with the support of every man who
has the welfare of science and Canada at heart.
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EXPLArsATION OF EXTERNAL VIEW OF THE OBSERVATORY.

A. Thermometer for solar radiation.

B. Screen of Venetian blinds.

C. Thermometers.

D. Opening in ridge of the roof, closed with shutters, to allow use of transit instrument.

E. Kain gage with conducting pipe through the roof.

F. Velocity shaft of the anemometer.

G. Mast for elovatiog apparatus for collecting electricity.

H. Cord for hoisting the collecting apparatus.

I. Copper wire for conducting the electricity into the building.

J. Direction shaft of the anemometer.

EXPLAX.\T10X OF THE PLAN OF THE OBSEKVATORY.

A. Anemometer.

B. Small transit for correcting time.

C. Electrical machine for charging the distiuguisher.

D. Peltier's electrometer.

d. Space occupied ly drosometer, polariscope, &c

E. Electrometer, e. Dischaiger.

F. Disticguisher.

f. Small stove—sometimes used in damp weather.

G. Thermometer placed iu the prismatic spectrum for investigations in light.

H. Nigretti «fc Zambra's b'lrometers and cisterns, 118 feet above the level of the sea.

I. Small-tube barometer.

J. Newman's barometer.

K. Aneroid barometer.

L. Quadrant and artificial horizon,

M. Microscope and apparatus for ascertaining the forms of snow crystals.

N. Thermometer, psychometer, &c . 4 feet high. A space is left between the two walls to

insure insulation and prevent radiation.

O. Ozonometer.

P. Evaporator—removed in winter and replaced by scales for showing the amount of evap-

oration from the surface of ice.

Q. Post sunk in the ground, and 40 feet high, to carry the arms of support for ihe ane-

mometer.

R. Solar radiator.

S. Venetian blinds.

T. Iron rod beneath the surface of the ground connected with the discharger to insure

safety.
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DESCRIPTION OF THE 0BSER7AT0EY, BY DR. SMALLWOOD.

The observatory is placed in the magnetic meridian, is constructed

of wood, and has an opening in the roof, furnished with sliding shut-

ters, for the observations, by means of a transit instrument, of the
passage of a star across the meridian for the correction of the clock

time. It is also connected by the Montreal telegraph with the prin-

cipal places in the United States ; the wires being led into the observ-

atory. It has also a seven-inch achromatic telescope, the object glass

by Frauenhofer, of Munich, and observations are taken on the heavenly
bodies as often as there are favorable nights.

Observations are taken on the usual instruments used by meteorolo-
gists at G and 7 a. m. and at 2, 9, and 10 p. m., daily ; also on the

temperature of springs and rivers, and the opening and closing thereof;

also on the foliation and flowering ofplants and trees, and the periodic

appearanceof animals, birds, fishes and insects beside the usual obser-

vations on auroras, haloes,, meteors, and any remarkable atmospheric
disturbances. Constant tri-daily observations on the amount and kind
of atmospheric electricity, ozone and thunder storms, are all recorded.

Many of the instruments are self-registering, and to some the photo-
graphic process has been adopted.

The observatory is furnished with four barometers. 1. A Newman
standard, 0.60 of an inch bore; the brass scale extends from the

cistern to the top of the tube, and is adapted for registration by the

photographic process. 2. ANigrettianclZambra'stube, 0.30 of an inch

bore ; another of a small bore, and also an aneroid. The cisterns

are all placed at the same height (118 feet,) and are read at each
observation.

Thermometers of Sixes, Eutherford, Nigretti, &c., &c.

The psychrometer consists of two thermometers whose readings are

coincident. There is also a Saussure's hygrometer.
For solar radiation a maximum Rutherford thermometer is used,

with the bulb kept blackened with Indian ink ; the tube is shaded by
a piece of glass blackened also with Indian ink, which prevents the

index from adhering to either the tube or the mercury, which is often

the case when not shaded.

Terrestrial radiation is indicated by a spirit thermometer of Ruther-

ford, which is placed in the focus of a parabolic mirror 6 inches in

diameter and of 100 inches focus.

Drosometer or dew measurer.

—

One is of copper, like a funnel, the

inside of which has been exposed to the flame of a lamp and has

become coated with lamp black; the other is a shallow tin dish,

painted black, and ten inches in diameter.

Bain-gage.—The reservoir is thirteen inches in diameter, and is

placed 20 feet above the soil. It is self-registering, and is attached to

the anemometer.
The snoio-gage presents 200 inches of surface. A tin tube, 3 inches

in diameter and 10 inches long, is used for obtaining snow for the

purpose of reducing the amount to the relative amount of water.

The tin tube fits in another vessel of tin of the same diameter, and
the snow is easilv reduced and measured.
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The evaporator exposes a surface of 100 inches ; the amount of

evaporation from the surface of ice is measured during the winter

months.
The ozonometers are Schonbien's & Moffat's, one is raised to the

altitude of 80 feet.

A microscope and apparatus for the examination of snow crystals,

and obtaining copies by the chromotype process.

The electrical apparatus.—This consists of three parts : a hoisting

a collecting and a receiving apparatus.

The hoisting apparatus consists of a pole or mast 80 feet high. It

is in two pieces, but is spliced and bound with hoop iron, and squared

or dressed on one face for about six inches. It is dressed in a straight

line to receive cross pieces of 2-inch plank, 8 inches wide and 12

inches long, which are firmly nailed to the mast or pole about

three feet apart ; this serves as a ladder to climb the pole in case of

necessity. Each of these cross pieces is rebated to receive pieces of

inch board, 4 inches wide, and placed edgeways in the rebate, extend-

ing from the top to the bottom of the pole, and forms a sort of verti-

cal railway ; these pieces are also grooved or rebated to receive a

slide, which runs in these grooves and carries the receiving appa-

ratus. From the top of the sliding piece passes a rope over a pulley

fixed at the top of the mast, and from it to a roller and windlass, by

which means the collecting lantern is raised or lowered for trimming

the lamps. I have also used it for the purpose of placing an ozonom-

eter at that height (80 feet.) The lower part of the mast or pole is

fixed into a cross piece of heavy timber, and is supported by 4 stays.

These cross timbers are loaded with stones, and are thus rendered

sufiiciently firm.

The collecting apparatus consists of a copper lantern 3 inches in

diameter, 5 inches high.—(See top of mast G-, fig. 1. The bottom is

moveable and the lamp is placed in it by the means of a small copper

pin passing in a slit, which is a very easy method of fixing it. This

lantern is placed on the top of a copper rod of f inch thick and 4 feet

long ; the bottom of the lantern having a piece of copper tube fixed to

it, a very little larger than the rod, and is thus easily removed and re-

placed. To the lower end of the copper rod is soldered an inverted

copper funnel, a j^a^'ap^^^i^ , for protecting the glass insulating pillar

upon which it is fixed by means of a short tube firmly soldered to the

underside of i\\e parapluie . This ghiss pillar passes into and is fixed

firmly into a wooden box, and is freely exposed to the heat of a second

lamp, which is placed in this box and is trimmed at the same time as

that in the collecting lantern, and keeps warm and dry the glass

pillar, and by that means securing a more perfect insulation. From
this upright rod and collecting apparatus descends a thick copper

wire, which serves to convey the accumulated electricity to the receiver

which is placed in the observatory.

The receiver consists of a cross of brass tubes (gas tubes), each

about 2 feet long, and is screwed into a large tube which fits upon a

glass cone, which is hollow, forming a system of hollow pipes for the

passage of the heat internally, and keep up a certain amount of dry-

ness and consequent insulation. The glass cone is fixed upon a table
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over an opening made in it, fitting to the hollow part of the cone.
Immediately under this table is placed a small stove of sheet-iron,
ahput 8 inches in diameter, is made double, the space of about 1 inch
being left between the two chambers ; and I have found this plan very
good to effect a good insulation by keeping the whole of the appa-
ratus warm and dry. Charcoal is used as fuel, and is, I think, prefer-
able to a lamp. A coating of suet or tallow is applied to the glass
cones or pillars. Care must be taken not to rub or polish the collect-

ing apparatus as it seems to deteriorate its power of collecting and
retaining atmospheric electricity ; and I have found that its collecting
powers increase with its age. Suspended from these cross arms hang
i\\e electrometers. 1. BenneV s electroscope of gold leaves ; this scarcely
needs a description. 2. Voltas' electromder No. 1, consisting of two
straws 2 Frencb inches long ; a very fine copper wire passes through
these straws which are suspended from the cross arms. This elec-

trometer is furnished with an ivory scale, the old French inch being
divided in 24 parts, each being 1°

; this forms the standard scale for

the amount of tension. 3. Voltas' electrometer No. 2 is similar to the
No. 1, but the straws are five times the weight of No. 1, so that one
degree of Voltas' No. 2 is equal to five of No"". 1. Henhfs electrometer
is a straw suspended and furnished with a small pith ball ; each of
the degrees of Henly's is equal to 100° of No. 1 of Voltas. These
electrometers are all suspended from the cross arms. A discharging
apparatus, furnished with a long glass handle, measures the length
of the spark, and serves also as a conductor to carry the electricity

collected to the earth, and is also connected by a chain and iron rod
passing outside of the observatory for about 20 yards and buried under
ground.

Various forms of distinguisJiers are used to distinguish the kinds of
electricity. The Voltas electrometers may be rendered self-registering
with great facility by the photographic process, by placing a piece of
the photographic paper behind the straws and throwing the light of
a good lens upon them

; the expansion is easily depicted and serves
well for a night register. There is also a Peltier's electrometer, and
another form of electrometer, consisting of two gold leaves suspended
to a rod of copper 2 feet long ; the upper end being furnished with a
wire box, in which is kept burning some rotten wood, {touch-wood.)
The anemomeier consists of a direction shaft and a velocity shaft; id

the top of the direction shaft is placed the vane, which is 18 feet in
length. The shaft is made of three pieces, to insure lightness and
more eaej motion ; each piece is connected bj means of small iron-
toothed wheels. The two shafts are six feet apart, and work on cross
arms from a mast firmly fixed in the ground. The vane passes some
6 or 8 feet above the velocity shaft, and does not in any way interfere
with the other movements. The lower extremities of these shafts are
all furnished with steel points, whicli work on an iron plate or a piece
of flint, and pass through the roof of the observatory ; the openings
being protected by tin parapluies fixed to the shaft and revolving
with them. Near the lower extremity is placed a tootheii wheel §
inches in diameter, which is connected to another wheel of the same
diameter, which carries upon its axis a wooden disc 13 inches in dia-
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meter, upon which is clamped a paper registerJ(old newspapers answer

very well) washed over with whiting and flour paste. Upon the

surface of this register is traced by a pencil the direction of the wind

;

this register is renewed every twelve hours.

The velocity shaft is in two pieces, connected by means of the toothed

wheels and steel pivots, as in the direction shaft ; and, practically,

the friction is nil. At the top of the velocity shaft is fixed three

hemispherical tin or copper caps, 10 inches in diameter, similar in

construction to those of the Rev. Dr. Robinson's, of Armagh, and are

firmly riveted to three iron arms of -|-inch iron. These caps revolve

always in the same direction, and one revolution is found to be just

one-third of the linear velocity of the wind. I have no reason to

doubt Dr. Robinson's formula for this calculation. At the lower ex-

tremity of the velocity shaft is fixed a one-toothed wheel 2f inches

in diameter ; this moves a second, or ten-toothed, wheel, which also

gives movement to a tliird wheel, which marks a hundred revolutions

of the caps, which are so calculated that each one hundred revolutions

are equal to one mile linear, and whenever one hundred revolutions

have been accomplished a small lever is elevated by means of a small

inclined plane, which is fixed upon the edge of the last wheel, and
which gives motion to the level. The other extremity of the lever is

furnished with a fine steel point, which dots oflF, upon a paper register,

the miles as they pass. This register is of paper one and a quarter

inch wide, and is removed every twelve hours.

Between the two shafts at the lower extremities is placed two run-

ners of wood rebated to receive a slide or train which carries the register.

To the underside of this slide is fixed a rack and is moved by a pinion,

themovement of whichiscommunicatedby aclock,thecordof the weight
being passed over a wheel and pulley and advances one inch per hour,

and the lever before described dots off the miles as the register ad-

vances under the steel point ; it does in this manner show the increase

and decrease of the velocity, and also the moment of its change. At-
tached to this moveable train is a rod of wood carrying a pencil, which
passes over the disc connected with the direction nhaft, and there

traces, as it advances, the direction of the wind a-j i the moment of

its changes, and the point from which it veered. T ; extreme height

of the vane is 40 feet, which might be increased i required. The
clock is wound up every twelve hours, which bring • back the train to

its starting point.

There is also a polariscope and prism for experimenting on the

various rays of light in connexion with photography and the germi-
nation of seeds.

The observatory also possesses a quadrant and artificial horizon,

and also apparatus for the measure of haloes, and registering dial for

the direction and course of the clouds.
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ON THE RELATIVE INTENSITY OF THE HEAT AND LIGHT
OF THE SUN UPON DIFFERENT LATITUDES OF THE
EARTH.

BY L. W. MEECH.

The ninth volume of the Smithsonian Contributions to Knowledge

contains a memoir, which, under the above title, presents the astro-

nomical determinations of the relative number of heating and illu-

minating rays received from the sun upon any portion of the exterior

surface of the earth. During their passage through the air in im-

pinging upon the solid earth, the rays are modified by a variety of

circumstances ; still the primary intensity of the sun is the controlling

cause of the changes of temperature of the seasons, and therefore the

determination of its laws has a special importance.

The subjoined account, with slight additions, contains nearly all of

the paper referred to, except the mathematical portions, for which,

reference may be made whenever necessary to the original memoir.

The regular and almost uniform variations which meteorological

tables exhibit, indicate a periodical cause of change, which evidently

resides in the sun. The inquiry then arises, may not these variations

be determined by theory from the apparent course of the sun ?

The object of the investigation here presented is to resolve the pro-

blem of solar heat and light, to the extent of the principle, that the

intensity of the sun's rays, like gravitation, varies inversely as the

square of the distance, without resorting to any other hypothesis.

The principle is but a geometrical consequence of the divergence of the

rays. This elementary view thus presents the sun shining upon a

distant planet, and indicates the sum of the intensities received at the

planet's surface in all its various phases of position and inclination.

In relation to the earth especially, the sum of the intensities must

be referred to the exterior limit of the atmosphere which surrounds

the globe. This condition, which is perhaps necessary in the present

state of science, has the advantage of rendering the deductions as

rigorously accurate as are the propositions of geometry and the conic

sections.

Poisson, in 1835, observed that, "for the completion of the theory

of heat, it is necessary that it should comprise the determination of

the movements produced in aeriform fluids, in liquids and even in

sojid bodies; but geometers have not yet resolved this order of ques-

tions, of great difficulty, with which are connected the phenomena of

21s
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the trade-winds, of certain currents observed in tlie sea, and the
diurnal variations of the barometer." The subject is believed to be
now included among the prize questions of the French Academy, and
in the increasing number of researches it is hoped that its difficulties

may at length be effectively obviated.

The laws of Solar Intensity here derived a priori, have a general
accordance with physical phenomena, and will furnish instructive

comparisons with analogous values obtained by meteorological obser-

vations. The changes of the sun's intensity upon the inaccessible

regions of the Pole will be included, to which the late Arctic explora-
tions have given unusual interest. And, among other advantages,
light will be thrown upon geological researches relating to changes of

the heat of the globe at very remote epochs.

At the close, the course of investigation has led to the development
of a pecular inequality in the annual duration of sunlight. The like

series of values for the duration of twilight is also new, and will not
be devoid of interest. But the main design has been—distinguishing

between the sun's intensity and terrestrial temperatures—to carry out

one comprehensive principle, by which the laws of the sun's intensity

of heat and light are obtained to some degree of completeness as a
system.

SECTION I.

Irradiated surface upon the p)lanets.—It is evident that the extreme
rays proceeding from the sun to the planet are tangent to the two
spheres, as shown in the annexed diagram

; where are represented a
section of the

sun, of the
planet, and
the radius-
vector or dis-

tance of the
planets centre

from that of

the sun. The
sun being the

greater body
illuminates not only the adjacent hemisphere of the planet, but also

the zone or belt A C lying beyond, which may be called the zone of
differential radiation. From the geometrical properties of the figure,

it is shown that the sine of the angular breadth of the zone of differ-

ential radiation is equal to the difference of the radii of the sun and
planet divided by the radius-vector of the planet's orbit.

With this principle, we can determine by geometry the actual breadth

in miles, and the proportions of dark and illuminated surface. These
will vary with the elliptic changes of distance from the sun, as indi-

cated in the following table.
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PLANET.



324 METEOROLOGY.

tion is thirty-five miles wide ; while those of Mercury, the earth, and
Saturn, are nearly eighteen miles in breadth. In the last column oi

the table, it will be observed that the asteroid Vesta, though situated

beyond Mars, yet has, in consequence of its smaller size, a greater

proportion of illuminated surface than the earth.

By computation it is found that the zone of differential illumination

upon the earth extends over 455,400 square miles; or, including the
additional area due to 34' horizontal refraction, it comprehends an
aggregate of 1^430,800 square miles of surface. The position of this

great zone is continually changing, and in turn it overspreads every

island, sea, and continent. At the vernal equinox, when the sun is

vertical to the equator, it will readily be perceived that the larger

base of this zone is a great circle passing through the poles and
having the earth's axis for its diameter. From this position it grad-
ually diverges, till at the summer solstice one extremity of its diameter

Avill be in the Arctic, and the other in the Antarctic circle. Thence
it gradually returns to its former position at the poles at the autumnal
equinox, all the while revolving in every twenty-four hoiirs, like a
Iringed circle around the globe, and accompanied with the lustrous

tints and shadows which variegate the dawn and close of day.

SECTION II.

LAW OF THE SUN'S INTENSITY UPON THE PLANETS IN RELATION TO THEIR
ORBITS.

The preceeding section represents the sun's action upon a distant

planet at a given distance, or at rest. It is here proposed to examine
the effect when the distance is variable ; that is, supposing the planet
to commence its motion from a state of rest, in an elliptical orbit, to

determine the intensity received during its passage through any part,

or the whole of its orbit.

In the annexed figure, let S denote the sun situated in one focus
;

F the planet's position at a
given time ; A, the perihelion
or point in the orbit nearest
the sun, B, the aphelion or
point farthest from the sun,
SF, the radius-vector, and
the angle ASP the true
anomaly. From the pro-
perty of the ellipse, combined
with the principle that heat
and light vary inversely as

the square of the distance, it

is i^roved that in its orbital

motion the earth does not

receive equal increments of heat and light in equal times ; but the

amount received in any given interval is exactly projjortional to the true

anomaly or true longitude described in that interval. This important

law, or one less correct, for the mean longitude^ appears to have been

first published in the Pyrometry of Lambert.
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This point beinpj established, let us, in the next place, compare the

intensities received by the planets during entire revolutions in their

orbits ; and also the ratios of intensity for equal times, which depend
simply on the inverse square of the distance. The following table has

been tluis prepared from the usual astronomic elements.

lite sun
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From tliis investigation it appears that during each of the four

astronomic seasons of spring, summer, autumn, and winter, the in-

tensities received from the sun are jirecisely equal. For in each
season the earth passes over three signs of the zodiac, or a quadrant
of longitude. The equality of intensities, however, applies to the

entire glohe regarded as one aggregate, and is consistent with local

alternations, h}' which it is summerin the northern hemisphere when
it is winter in the southern. Deferring the consideration of these

local inequalities, however, we may here illustrate the connexion of

the seasons with the elliptic motion from an ephemeris. In the year

1855, for example, spring in the northern hemisphere_, commencing
at the vernal equinox, March 20th, lasts eighty-nine days ; summer,
beginning at the summer solstice June 21, continues ninety-three

days ; autumn, commencing at the equinox', September 23, continues

ninety-three days ; and winter, beginning at the winter solstice, De-
cember 22, lasts ninety days

;
yet, notwithstanding their unequal

lengths, the amounts of heat and light which the whole earth receives

are equal in the several periods. Since the earth is not strictly a

sphere, but an oblate spheroid, it evidently presents its least section

perpendicular to the rays of the sun at the equinoxes. As the sun's

declination increases, the section also increases and attains its limit

at the solstice. The variation, however, appears to be not material,

and compensates itself in each season.

At the 2)resent time the earth is in perihelion, or nearest the sun
about the 1st of January, and furthest from the sun on the 4th day of

July. A special cause must, therefore, be assigned for the striking

fact which Professor Dove has shown by comparison of temperatures

observed in opposite regions of the globe, namely : that the mean
temperature of the habitable earth's surface in June considerably ex-

ceeds the temperature in December, although the earth in the latter

month is nearer to the sun. This result is attributed by that meteo-

rologist to the greater quantity of land in the northern hemisphere
exposed to the rays of the sun at the summer solstice in June ; while

the ocean area has less power for this object, as it absorbs a large por-

tion of the heat into its depths. Had land and water been equally

distributed, in other words, were the earth a homogeneous sphere,

the alleged inequality of temperature, it is obvious, would never have
existed.

SECTION III.

LAW OF THE sun's INTENSITY AT ANY INSTANT DURING THE DAY.

The rays which emanate from the sun's disk into space proceed in

diverging lines in the same manner as if they issued directly from the

centre. And on arriving at the earth their intensity, as before stated,

will be inversely proportional to the square of the distance.

But the more obvious phenomena of solar heat and light are mani-
fested to us under a secondary law. The sun's intensity first becomes
sensible in the eastern rays of morning ; it gradually increases to a

maximum during the day ; it declines on the approach of the shades
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of evening, and becomes discontinuous during the night. On the

morning following the same course is renewed, and continued succes-

sively through the year. Ordinary sensation and experience lead us

to associate the degree of solar heat, at any part of the day, with the

apparent height which the sun has then attained above the horizon.

Indeed, theory determines that the sun' s intensity is proportional to the

length of a perpendicular line from the sun to the plane of the apparent

horizon; that is, it varies as the sine of the sun's altitude.

The reason of this secondary law will be understood by regarding

the beam of solar rays which traverses in a line from the sun to the

observer, to be resolved, according to the parallelogram of forces, into

a horizontal and a vertical component. The horizontal component

running parallel to the earth's surface is regarded as inoperative,

while the vertical component measures the direct heating effect.

This relation is more fully shown in the annexed figure, where A
denotes the sun's apparent altitude above the horizon. The sun's in-

tensity or impulse in an oblique direction will be measured by the

inverse square of the distance, or -the direct square of the sun's appa-

rent serai-diameter A. If, therefore, A^ denotes the intensity of the

rays in a straight line from the

sun, A2 si7i A, ivill he the vertical

component or heating force of the

rays. And these terms being
in ratio as 1 to sin A, the latter

component will be represented
by a perpendicular line from
the sun's centre to the horizon.

Instead of thus decomposing
the intensity after the manner of a force in mechanics, as first pro-
posed by Halley, in 1693, the same law may be obtained in an entirely
different way from the principle of the inverse square of the distance.
The latter mode appears to present it in a more evident light, and was
suggested in the original beginnings of the present investigation,
which were published in Silliman's Journal of Science for the year
1850.*^

"^

The intensity at a fixed distance being as the sine of the altitude,

*Let L =z the " apparent" latitude of the place,

D^the sun's meridian declination,

Ai^the sun's apparent eemi-diameter,
^rrthe sun's altitude, and
/i mthe hour-angle from noon.

The horizontal section of a cylindrical beam of rays from the sun's disk ujxin a plain oa
the earth's surface, is well known to be an ellipse ; and if 1 denote the suu's radius, 1 will

likewise denote the semi-conjugate axis of this projected ellipse; while the horizontal pro-

jection, -;:—— will be the semi-transverse axis. The area of the elliptic projection is, there

fore, 1 X -.—7- X rr. But the intensity of the same quantity of heat being inversely as the

space over which it is diffused, the reciprocal of this area, or ain A, on rejecting the constant
TT, will express the sun's heating effect, supposing the distance to be constant for the same
day. But, on conipiiring one day with another, the intensiity further varies inversely as the
square of the distance, »hat is, directly as the square of the apparent diameter or semi-dia-
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it follows that the sun shining for sixteen hours from an altitude of
30°, would exert the same heating effect upon a plain as when it

shines during eight hours from the zenith ; since sin 30° is 0.5, and
sin 90° is 1. At least, such were the result independently of radiation
from the earth.

By some writers, the measure of vertical intensity, as the sine of the
sun's altitude, has been stated without limitation. Approximately it

may apply at the habitable surface of the earth, when the influence of
the atmosphere is neglected

;
yet it is strictly true only at the exterior

of the atmospheric envelope which encompasses the globe, or at the
outer limit where matter exerts its initial change upon the incident
rays.

- The distinction here explained has not only engaged the attention
of the most eminent meteorologists of modern times, but was equally
adopted in ancient philosophy, as appears in the following passage
fram Plato's Phasdon, LVIII :

" For around the earth are low shores,

and diversified landscapes and mountains, to which are attracted
water, the cloud, and air. But the earth, outwardly pure, floats in

the pure heaven like the stars, in the medium which those who are
accustomed to discourse on such things call ether. Of this ether, the
things around are the sediment which always settles and collects upon
the low places of the earth. We, therefore, who live in these terra-

queous abodes, are concealed, as it were, and yet think we dwell
above upon the earth. As one residing at the bottom of the sea might
think he lived upon the surface, and, beholding the sun and stars

through the water, might suppose the sea to be heaven. The case is

similar, that through imperfection we cannot ascend to the highest
part of the atmosphere, since, if one were to arrive upon its upper
surface, or becoming winged, could reach there, he would on emerg-
ing look abroad, and, if nature enabled him to endure the sight, he
would then behold the true heaven and the true light."

In modern times, the researches of Poisson led him to the philo-
sophic conclusion now generally received, that the highest strata of
the air are deprived of elasticity by the intense cold ; the density of
this frozen air being extremely small. Theory de la (Jhaleur, p. 460.
An atmospheric column resting upon the sea may thus be regarded
as an elastic fluid terminated by two liquids, one having an ordinary
density and tenjperature, and the other a temperature and density
excessively diminished.
Although the sun's intensity, which is here the subject of investi-

gation, is the principal source of heat, yet its effects are modified by
proximate causes of climate, of which the following nine are enume-
rated by Malte Brun :

1st.—Action of the sun upon the atmosphere.

meter of the disk. Hence, generally, A^ sin A, expresses the sun's intensity at any given in-

stant during the day.

To determine the value of sin A by spherical trigonometry, the sun's angular distance from
the pole, or co declination, the arc from the pole to the zenith, or co-latitude, and the included
hour-angle from noon are given to find the third side or co-altitude. Writing, therefore, sines

instead of the co-sines of their complements, /

sin A =:: sin L sin D -\- cos L cos D cos II.

a2 sin Azzz ^~ sin L sin I) -\- a'^ cos L cos D cos H.



METEOROLOGY. 329

2d.—The interior temperature of the globe.

3d,—The elevation above the level of the ocean.

4th.—The general inclination of the surface and its local exposure.

5th.—The position of mountains relative to the cardinal points of

the compass.

Gth.—The neighborhood of great seas and their relative situation.

7th.—The geological nature of the soil.

8th.—The degree of cultivation and of population to which a coun-

try has arrived.

9th.—The prevalent winds.

The same author observes, in relation to the fourth enumerated

cause, that northeast situations are coldest ;
and southwest, warmest.

For the rays of the morning which directly strike the hills exposed

to the east', have to counteract the cold accumulated there during the

night. The heat augments till three in the afternoon, when the rays

fall direct upon southwest exposures, and no obstacle now prevents

their utmost action.

With respect to the general climatic features of the globe,^ the

following points have been ascertained from extensive observations.

At an equal distance from the equator, Asia has a comparatively cold

winter and a hot summer ; Europe tempers both extremes ;
Anierica

has a severe winter and a cold spring, but is allied in summer to

Europe, which it surpasses in the splendid climate of its autumn.

SECTION IV.

DETERMINATION OF THE SUN'S HOURLY AND DIURNAL INTENSITY.

In the last section, the sun's vertical intensity upon a given point

of the earth's surface at any instant during the day, was shown to be

measured by a perpendicular drawn from the centre of the sun to the

plane of the horizon. If perpendiculars be thus let fall at every in-

stant during an hour, the sum of the perpendiculars will evidently

represent the sum of the vertical intensities received during the hour,

which sum may be termed the hourly intensity.

The integral calculus furnishes a ready means of obtaining this

sum. For during any one day the sun's distance or apparent semi-

diameter, and the meridian declination, may be regarded as constant,

while the hour-angle alone varies, and the deviations from the implied

time of the sun's rising and setting vv^ill compensate each other.*

* Multiplying the equation of instantaneous intensity by d H, since astronomy shows that

i? varies uniformly with the time, and integrating between the limits of any two liour-angles,

H' H", we obtain an expression for the hourly intensity.

In like manner let H denote the semi-diurnal arc, and integrating between the limits and

H, we obtain the intensity for a half day, which, on cancelling the constant multiplier 2,

may be taken for the whole day, or diurnal intensity, as follows :

—

f a2 sin A dzzz IJ a2 Hsin L sin D -f- a2 cos L cos D sin II.

The diurnal intensity is, therefore, proportioned to the product of the square of the sun's

serai-diamcter into the semi-diurnal arc, multiplied by the sine of the latitude into the sme

of the sun's declination, plus the like product of the square of the sun's semi-diameter into

the sine of the semi-diurnal arc multiplied by the cosine of the latitude into the cosine of the

declination. This aggregate obviously changes from day to day, according to the sun's

distance and declination.
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The following cases under tlie general formula may liere be specified

:

First, at the time of the equinoxes, the sun's daily intensity for all

places on the earth is proj^ordonal to the cosine of the latitude. As the

equinoxes in March and September lie intermediate between the ex-

tremes or maxima of heat and light in summer, and their minima in

winter, the presumption naturally arises that the same expression will

approximate to the mean annual intensity. The coincidence is ac-

cordingly worthy of note, that the best empirical expression now known
for the annual temperature in degrees Fahrenheit, given by Sir David
Brewster, in the Edinburgh Philosophical Transactions, Vol. IX, is

81°. 5 cos L, being also proportional to the cosine of the latitude. It

is remarkai)le that Fahrenheit, in 1*720, should have adjusted his

scale of temperature to such value, that this formula applies, without

the addition of a constant term.

Secondly, for all places on the equator the latitude is ; and the

sun rises and sets at six, the year round, exclusive of refraction. Con-
sequently the sun's diurnal intensity varies slowly from one day to

another, being proportional to the cosine of the meridian declination of
the sun.

Thirdly, at the north pole, the sun rises only at the vernal equinox

in March, and continues wholly above the horizon, till it sets at the

autumnal equinox. Thus, to either pole, the sun rises but once, and
sets but once in the whole year, giving nearly six months day, and
six months night. Now suppose the six months day to be divided

into equal portions of twenty-four hours each, then the intensity during

twenty-fonr hours of p)olar day is proportional to the sine of the declina-

tion at the middle of the day.

Fourthly, at the summer solstice, when the intensity on the pole is

a maximum, the ratio becomes as 1 to 1.25 ; or the polar intensity is

one-fourth part greater than on the equator. The difference evidently

arises from the fact that daylight in the one place lasts but twelve

hours out of twenty-four, while at the pole the sun shines on through

the whole twenty-four hours.

It were interesting to find when this polar excess begins and ends,

which is ascertained to be on May 10th, and again on August 3d.

Therefore, during this long iJiterval of eighty-five days, comp)rehending

nearly the lohole season of summer, the sun's vertical intensity over the

north pole is greater than upjon the equator. To this subject we shall

again recur in a subsequent section.

Fifthly, having glanced at these particular cases, let a more com-
plete survey be made for the northern hemisphere. A.nd the same
will equally apply to the southern hemisphere, allowing for the rever-

sal of the seasons and change of the sun's distance.

The subjoined table has been computed for intervals of fifteen days,

and expresses the results in units of intensity. The choice of a unit.

being entirely arbitrary, the intensity of a day on the equator at the

time of the vernal equinox is here assumed to be 81.5, and other

values are expressed in that proportion. In the last three columns
for the frigid zone, the braces include values for the days when the

sun shines through the whole twenty-four hours ; the blank spaces

indicate periods of constant night.
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The sun's diurnal intensity at every teii degrees of latitude in the

northern hemisphere.
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The equatorial curve will be observed to have two maxima at the

equinoxes in March and September, and two minima at the solstices

in June and December. Since the earth is nearer the sun in March
than in September, the curve shows a greater intensity in the former

mouth, other things being equal.

In the latitude of 10° the sun will not be vertical at the summer
solstice^ but only when the declination is 10° N., which happens

twice in the year. The curve corresponds in every particular with the

known course of the sun. Above the latitude of 23° 28' the tropical

flexure entirely disappears ; and there is only a single maximum at

midsummer.
For comparison with the curves of intensity, I have also traced curves

o{ temperature observed at Calcutta, in lat. 22° 33' N.; at New Orleans,

in lat. 29° 57'; and at Philadelphia, in lat. 39° 57'. The curve for

Philadelphia is adjusted from the daily observations made at the

Girard College Observatory from 1840 to 1845, under the direction of

Prof. Bache. The rest are interpolated graphically from the mean
monthly temperatures.

Retardation of the effect.—In the temperate zone the temperatures

will be seen to attain their maximum about one month later than the

sun's intensity would indicate. At Stockholm it is somewhat more
than a month ; and, during this interval the earth must receive dur-

ing the day more heat than it loses at night ; and, conversely, after

the winter solstice it loses more heat during the night than it receives

by day. In illustration of this point, and to approximately verify

the formula, I here insert a former computation of the sun's intensity

for the 15th day of each month, on the latitude of Mendon, Mass., and
the results are found to agree very nearly with those observed at that

place about one month later, as follows : (The observed values are

taken from the American Almanac for 1849, and are derived from fif-

teen years' observations.)

Computed values.
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observed, that tlie MencTon values are the monthly means, vs^hich do
not always fall on the 15th day, but nearly at that time.

Bate fer hour of the sun's intensity.—To glance at the subject from
another point of view, let us consider the rate, or the relative num-
ber of heating rays per hour. For any day, if we divide the com-
puted intensity by the length of the day, the quotient will express
the average hourly intensity.

In the accompanying table the values of the rate are exhibited at

intervals of fifteen days, and for every ten decrees of latitude. Tlie

peculiar variation of the values for latitude 70° evidently arises from-
the change to constant day. And apparently the hourly rates coin-

cide more nearly with the temperatures than do the diurnal inten-

sities or absolute amounts.

Average rate of the sun's hourly intensity, or relative number of
vertical rays ^jer hour.

A. D. 1853.

Jan. 1.

Jan. IG.

Jan. 31-

Feb. 15.

Mar. 2.

Mar. 17-

April 1 _

April IG.

May 1 -

May 16.

May 31-
June 15.

July 1.

July 16-

July 31.

Aug. 15-

Aug. 30-

Sept. 14-

Sept. 29-

Oct. 14.

Oct. 29.

Nov. 13-

Nov. 28.

Dec. 13-

G. 43
6.51
6.63
6.75
6.80
6.83

6.73

6.58
6.40
6.23

6.08
6.00
6.01

6.08

6.22
0. 39

6.54
6. 64

6.70
6.73
6.66
6.56
6.46
6. 40

5.89
5.99
6.20
6.38
6.59
6.70

6.71

6.67
6.59
6.48

6.39
6.33
6.32
6.38

6.46
6.56

6.60
6. GO

6.57
6.47
6.29
6.12
5.9
5.86

5.16
5.32
5.56
5.85
6.11
6.38

6.50

6. 5G

6.57
6.53

6.49
6.45
6.44
6.46

6.50
6.50

6.48
6.37

6.21
6.01
5.74
5.48
5. 26

5. 13

4.24
4.44
4.66
5.05
5.50
5.85

6.09

6.21
6.33

6.40

6.36
6.34
6.36
6.37

6.32
6.30

6.12
5.92

5.68
5.36
5.00
4.72
4.42
4.25

3.26
3.44
3.86
4.27
4.71
5.15

5.51

5.70
5.86
6.01

6.07
6.07
6. 12

6.01

5.98
5.87

4.93
4.53
4.08
3.75
3.36
3.28

2.08
2.32
2.75
3.22
3.78
4.25

4.73

5.02
5.32
5.46

5.54
5.57
5.58
5.51

5.42
5.23

4.87
4.70

4.05
3.58
3.09
2.66
2.28
2. 06

0.88
1.12
1.56
2.11
2.70
3.17

3.82

4.24
4.50
4.71

4.78
4.81
4.83
4.75

4.05
3.68

3.16
2.56
2.00
1.48
1.08
0.87

0.34
0.92
1.56
2.21

2.76

.3.22

3.52
3.55

3.62
3.82
3.78
3.51

3.55
3.43

3. 10

2.61

2.04
1.42
0.80
0. 25

0.35
1.03

1.64

1.83
2.68
3.35

3 79

4.00
3 96

3.68

3.18
2.47

1. 90

1.50

0.89
0.22

0.86

1.86
2.72
3.40

3.85
4.07
4.03
3.74

3.22
2.50

1.62
0.61

A close agreement, however^ could not reasonably be expected ; for

the intensities represent the sun's effect at the summit of the atmos-

phere, but the temperatures at its base. Indeed, the sun's intensity
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upon the exterior of the earth's atmosphere, like the fall of rain or

enow, is a primary and distinct phenomenon. While passing through

the atmosphere to the earth the solar rays are subject to refraction,

absorption, polarization and radiation ; also to the effects of evapora-

tion of winds, clouds, and storms. Thus the heat which finally

elevates the mercurial colunm of the thermometer is the resultant of

a variety of causes, a single thread in the network of solar and ter-

restrial phenomena.
Indication of tropical calms.—Should the inquiry be made, in what

part of the earth the sun's intensity continues most uniform for the

longest period, an inspection of the flexures of the curves at once indi-

cates the region intermediate between the equator and the tropic of

Cancer on the one side, and of Capricorn on the oth^r. Thus the

curve for latitude 10° shows the solar intensity to be nearly stationary

during half the year, from March to September. During October and
November it falls rapidly, and after remaining nearly unchanged for

a few days in December it again rises rapidly in January and Feb-
ruary. As the sun's heat is the prime cause of winds, we might infer

that this region would be comparatively calm during the half year

mentioned, and that in the remaining months there would be greater

atmospheric fluctuations.

Such were the general indications of the plate representing the

amounts ; and, on recurring to the table representing the rates of

diurnal intensity, the status is precisely similar, except that the region

of summer calm is removed further from the equator and n^^rer to

the tropic. On referring to a recent work on the physical geography
of the sea, with respect to this circumstance, I find that "the varia-

bles," or calms of Cancer and of Capricorn, occur in the very latitudes

thus indicated by the compound effect of the amount and rate of solar

intensity. And, further, the annual range of solar intensity, which is

least upon the equator, has its counterpart in the belt of equatorial

calms, or "doldrums." The same effect extends also to the ocean
itself, and appears in the tranquillity of the Sargosso sea. While
the curves of intensity for the higher latitudes are significant hiero-

glyphs of the serenity of summer, and the more violent winds and storms
ofMarch and September. The entire deprivation of the sun's intensity

during a part of the year within the Arctic and Antarctic circles

may also produce a polar calm, at least during the depth of winter.

But the existence of such calm, though probable, can neither be dis-

proved nor verified, as the pole appears not to have been approached
nearer than within about five hundred miles. Parry and Barrow
believed that a perfect calm exists at the pole.

SECTION V.

THE SUN'S ANNUAL INTENSITY UPON ANY LATITUDE OF THE EARTH.

By the method explained in the last section, the diurnal intensity,

in a vertical direction^ might be computed for each and every day in

the year, and the sum total would evidently represent the annual
intensity.
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The sum of the daily intensities for a moiitli, or monthly intensities,

might be found in the same manner. But, instead of this slow pro-
cess, we first find an analytic expression for the aggregate intensity

during any assigned portion of the year, and then for the whole year.

The summation is effected by an admirable theorem, first given by
Euler; a new investigation of which, with full examples by the
writer, may be found in the Astronomical Journal, (Cambridge, Mass.,)
Vol. 2, and in the Smithsonian memoir. By this general summation
the following remarkable principle was rigorously demonstrated :

The sun's annual intensity upon any latitude of the earth is propor-
tional to the sum of tioo elliptic circumferences of the first and the second
order, diminished by an elliptic circumference of the third order.

On the equator, the sun's annual intensity reduces to the circumference

of an ellipse, tvhose ratio of eccentricity is equal to the sine of the ohli-

quity of the ecliptic.

In the frigid zones, where the regular interchange of day and night
in every twenty-four hours is interrupted, the formula will require
modification, though the general enunciation of the elliptic functions
remains the same. The year in the polar regions is naturally divided
into four intervals, the first of which is the duration of constant night
at mid-winter. The second interval at mid-summer is constant day

;

the third and fourth are intermediate sjjring and autumnal intervals,

when the sun rises and sets in every twenty-four hours.

With respect to the unit of measure for annual intensity, the mean
tropical year contains 365.24 days; let this represent the annual
number of vertical rays impinging on the equator ; that is, let the

sun's intensity during a mean equatorial day he taken as the thermal
day,.and let the values for all the latitudes be converted in that pro-
portion.* Also denoting the annual intensity on the equator by 12,

the mean equatorial month may be used as another thermal unit.

And taking the annual intensity on the equator as 81.5 units, with
reference to Brewster's formula, the intensity on other latitudes may
be expressed in that proportion. It may here be observed that the
diurnal value of the last section will be changed to this scale by in-

creasing them in the ratio of 1 to 1.049.

With the aid of Legendre's elliptical tables the computation of
annual intensities is entirely practicable. The results converted into

units, with differences for every five degrees of latitude, have been
carefully verified and tabulated as follows :

* The three species of circumferences, each representing four equal and similar,quad-
rants, are discussed at great length by Legeudre in his TraM des Fondions ElUpiiques.

Let L denote the latitude of the place, and developing in thermal days for the
torrid and temperate zones, we find for any year in the present century:

A 1 • X -4. OAF, ooo T I
15.748

, 0.1628 , 0.0066 ,Annual mtensityz^ 349.322 cos. L A -\- — \-
•'

' oos.L^^ COS." L ^^
COS.' L "^
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The sun's annual intensity.

i

lAti-
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Therefore, taking the latitudes for ordinates, and the annual in-
tensities in the table for abscissas, we obtain the curve of annual in-

tensity; and, in the same manner, the curve of annual temperature.
It will be seen, no doubt with interest_, that the curve of annual inten-
sity is almost symmetrical with that of European temperature, ob-
served mostly on the western side of that continent. But the curve
ofAmerican temperature based on the United States army observa-
tions for places on the eastern portion of the continent, diverges from
the curve of intensity, and indicates a special cause depressing these
temperatures below the normal standard due to their latitudes.

At Key West, on the southern, border of Florida, the divergence
commences, and on proceeding northwardly continually increases in

magnitude; that is, so far as reliable observations have been made
along the expanding breadth of the North American continent.

It were natural to suppose that the annual temperature would be
defined l.y the annual number of heating rays from the sun. Indeed
on and near the tropical regions, the curves of annual temperature
and solar intensity are symmetrical. But in the polar regions, the
irregularity of the intervals of day and night, and of the seasons, and
various proximate causes, introduce a discrepancy, which the principle
of annual average does not obviate. The laws of solar intensity, how-
ever, have been determined ; the laws of climatic temperature will

require a special and apparently more difficult analysis.

It has been inferred ttiat there are two poles of maximum cold ahout
the latitude of 80° nortli, and in longitudes 95° E. and 100° W.
The fewness of the observations, however, in that remote hyperborean
region, leaves this question still open to investigation.

SECTION VI.

AVEIIAGE ANNUAL INTENSITY OF THE SUN UPON A PART OR THE WHOLE OF
THE EARTH'S SURFACE.

Having determined the sun's vertical intensity upon a single unit or

point of the earth's surface, let us next ascertain the average annual
intensity upon a larger area, a zone, or the entire surface of the globe.

After which, we shall glance at some of the climatic alternations which
are most clearly made known and interpreted by the mechanism of

the heavens.

In any zone of the earth the sum of the annual intensities divided

by the suri'ace will evidently give the mean annual intensity upon
the unit of surface. On this principle the following results were
derived, but the analytic process is here omitted:

The sun's average annual intensity.
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T]ins it appears that the sim's annual intensity upon the whole
earth's surface from pole to pole averages 299 thermal days, being
five sixths of the value on the equator.

Though tlie figures in the last column are strictly nnits oi intensity,

yet, as shown hy the curves, they also approximately represent annual
iemperatnrcfi, except near the poles. Following these indications, the

mean annual tem[ierature of the whole earth's surface must be some-
what below GGo Fahrenheit. In com})arison with this result, the
mean annual tenii)erature found by Professor Dove, from a vast num-
ber of observations, may be introduced, which is approximately 58°.

1

Fahrenheit. The like value found from the formula of Brewster, is

64°. Fahrenheit.

SECTION VII.

ON SECULAR CHANGES OF THE SUN S IN'J'ENSITY.

In relation to secular variations of intensity, we shall adopt the-

hypothesis that the physical constitution of the sun has remained^
constant. The secular changes here considered, therefore, are those-

which depend solely on position and inclination, according to the laws
of ])hysical astronomy.
The recurrence of spots on the sun's disc has lately been discovered

to observe a regular jieriodicity. But I heir influence upon tempera-
ture appears to be insufiicient for taking account of them. M. K,
Wolf, in the Comptes Bendus, XXXV, p. 704, communicates his

discovery that the minima of solar spots occur in regular periods of

11.111 years, or nine cycles in a century—and that the years in which
the spots are most numerous are generally drier and more productive

than the others—the latter being more humid and showery. Coun-
sellor Schwabe, after twenty-six years of observation^ does not think
that the spots exert any influence on the annual temperature. And
a writer in the Encydopcedia Britannica, article Astronomy, states

that " in 1823 the summer was cold and wet, the thermometer at

Paris rose only to 23°. 7 of Reaumur, and the sun exhibited no spots;

whereas, in the summer of 1807 the heat was excessive, and the spots

of vast magnitude. Warm summers and winters of excessive rigor

have happened in the })resence or absence of the spots."*

Proceeding now to investigation, our first inquiry will relate to

changes of the sun's annual intensity upon the earth's surface rtgard< d
as one aggregate.

In the Connaissance dcs Terns, for 1843, Leverrier has exhibitec^i

the secular values of most of the elements of the planetary orbits

during 100,000 years before and after January 1, 1800. The eccen-
tricity of the earth's orbit at the present time being .0168, the value
100,000 years ago, and the greatest in that interval was .0473. Sub-
stituting these in the formula, we find that the sun's annual intensity

* Professor Henry was the first to show, by projecting on a screen in a dark room the
image of" the sun from a telescope with the eye j.'lass drawn out, tiiat the temperature of the
«pets was shghtly less than that of the otiier parts of the si>lar disc. The temperature was
indicated by a delicate therinoelectricnl apparatus. Professor Secchi, of Italy, afttrwards
obtained ihe same result.—See SiUiman^s Journal, Vol. XLiX, p. 40.').
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at the former epoch was greater than at present by cue-thousandth
part. Now this fraction of 365.24 days, counting the days at twelve
hours each in respect to solar illumination, amounts to betiueen four
and Jive hours of sunshine in a year ; and by so small a quantity only
has the sun's annual intensity, during 100,000 years past, ever ex-
ceeded the yearly value at the present time. Nor can it depart from
its present annual value by more than the equivalent of five hours of
average sunshine in a year for 100,000 years to come.
The superior and ultimate limit given by Leverrier, to which the

eccentricity of the earth's orbit may have approached at some very
remote but unknown period or periods, is .0777. At such epoch, the
annual intensity is computed, as before, to have exceeded the intensity
of the present by thirteen hours of sunshine in a year. On the other
hand, the inferior limit of eccentricity being near to zero, indicates
only/o?ir minutes of average sunshine in a year, less than the present
annual amount. Between these two extreme limits, all annual varia-

tions of the solar intensity, whether pastor future, must be included,
even from the primitive antediluvian era, when the sun was placed in
his present relation to the earth. By the third law of Kepler, on
which the equation is based, these results are rigorous for siderial

years ; and by reason of the slight but nearly constant excess, the
same may be concluded of tropical or civil years. For the annual
variation'of the tropical year is only—Od. 000 000 06686.
The preceding conclusions, it is proper_again to observe, refer to the

whole earth's surface collectively. Let us, in the next place, inquire
concerning changes of annual inteniyity upon the different latitudes of
thi- earth. This variation will be a function of the eccentricity, and
the obliquity. For the present, let it be proposed to compute the
annual intensity for an epoch 10,000 years prior to A. D. 1800. The
eccentricity of the orbit, was then .0187, according to Leverrier ; and
for the obliquity of the ecliptic, the most correct formula is probably
that of Struve and Peters, quoted in the American Nautical Almanac.
It is true their formula may not strictly apply for so distant a period

;

but, since the value 24° 43' falls within the maximum assigned by
Laplace, it must be a compatible value, though its epoch may be some-
what nearer or more remote than 10,000 years. Therefore, compar-
ing the computed results with the table for 1850, given in Section V,
vas a standard, we find the annual intensity on the equator, at the

former period, to have been 1.65 thermal days less than in 1850; the

differences for every ten degrees of latitude are as follows:

Change of the sun's annual intensity 8,200 years B. C, from its value

in A. D. 1850, taken as the standard.

Latitude.

20®
30°

Difference in

thermal days.

—1. fi.i

—L58—L32
— .9C

Latitude. Difference in

thermal days

Latitude. Difference in

thermal days.

40°

GOO

—0. 22

-f- ..18

-j-2. 11

70°
80O

+ 5. 52

+7. 18

+7. G4
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From this it appears that the annual intensity within theTovrid Zone,

ten thousand years afi;o, averaged one thermal day and a half less than

now ; while from 35° of latitude to 50°, comprehending the whole area

of the United States, it was virtually the same as at the })re8ent day.

But ahove 50° of latitude, the annual intensity was then greater in

an increaNing rate towards the pole, at which point it was hetween

seven and eight thermal days greater than at the present time ; in

other words, the poles both north and south, 10,000 years ago, received

twenty rays of solar heat in a year, where they now receive but nine-

teen. Owing to change in the obliquity of the ecli|)tic, the sun may
be compared to a swinging lamp ; at the former period, it apparently

moved farther to the north and to the south, passing more rapidly-

over the intermediate space.

The maximum variation of the obliquity of the ecliptic, according

to Laplace, without assigning its epoch, is 1° 22' 34", above or below

the obliquity 23° 28' in the year 1801.* Now the diiference recog-

nized in our calculation almost reaches this limit, being 1° 15'. As
the secular perturbations are now understood, therefore, it follows

that, since the earth and sun were placed in their present relation

to each other, the annual intensity upon the Temperate Zones has

never varied ; between the tropics, it has never departed from its

present annual amount by more than about y^i oth part, and is now
very slightly increasing. The most perceptible difference is in the

Polar regions, where the secular change of annual intensity is more
than four times greater than on the Equator ; in its annual amount,

the Polar cold is now very slowly increasing from century to century,

which eiFect must continue so long as the obliquity of the ecliptic is

diminishing. And thus, so far as relates to a decreased annual inten-

sity, the celebrated " Northwest passage" through the Arctic sea will

be even more difficult in years to come than in the present age.

Having now considered the secular changes of annual intensity upon

the earth and its different latitudes, let us next examine the secular

changes of intensity in relation to the Northern and Southern hemispheres.

The earth is now nearest the sun in winter of the northern hemisphere

on January 1st, and farthest from the sun in summer on July 4th. This

collocation of times and distances has the advantage of rendering the

extreme of summer cooler, and of winter, north of the equator, warmer
than it would be at a mean distance from the sun. But south of the

equator, on the contrary, it exaggerates the extremes by rendering

the summer hotter and the winter colder. Before estimating this

difference, we may observe that the perigee advances in longitude

11".8 annually ; by which the instant when the earth is nearest the

sun, will date about five minutes in time later every year. The time

of perihelion, which now falls in January, will at length occur in Feb-

ruary, and ultimately return to the southern hemisphere tlie advan-

tage which we now possess. Indeed, it is remarkable that the perigee

must have coincided with the autumnal equinox about 4,000 B. C,
which is near the time that chronology assigns for the first residence

qf man upon the earth.

* Mecanique Celeste, Vol. II, p. 856, note, Bowditch's translation,
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For aBcertaininp; the difference of intensity, we know that the sun's
declination goes through a nearly regular cycle of values in a year.

The formula shows that the length of the day in the southern hemis-
phere is the same as in the northern hemisphere about six months
earlier. The ratio of daily intensity of the northern, is to the southern
then as 1 to 1'

—

^~.. And the like ratio for the summer intensities is

as 1 to 1 -|- yV. But
Y^g^

is the extreme deviation for a few days only;
the mean between this and 0, or -g^-^j, would seem more correctly to

apply to the whole seasons of summer and winter. Taking then 3^0*^1

of the gieatest and least values of daily intensity, Section IV, for the
temperate zone, it appears that winter in the southern hemisjihere is

now about 1° colder, and summer 3° hotter than in the northern
hemisphere. The intensities during spring and autumn may-be re-

garded as equal in both hemispheres. And the summer season of the

south temperate zone being hotter, is also shorter by about eight
days, owing to the rapid motion of the earth about the perihelion.

In confirmation of these last deductions, the younger Herschel refers

to the glow and ardor of the sun's rays under a perfectly clear sky at

noon, and observes, "one-fifteenth is too considerable a fraction of

the whole intensity of sunshine, not to aggravate, in a serious degree,

the sufferings of those who are exposed to it without shelter. The
accounts of these sufferings in the interior of Australia, would seem
far to exceed what have ever been experienced by travellers in the
northern deserts of Africa, The author has observed the temperature
of the surface soil in South Africa, as high as 159° Fahrenheit. The
ground in Australia, according to Captain Sturt, was almost a molten
surface, and il a match accidently fell upon it_, it immediately ignited."

{HerscheVs Astronomy.)
The phenomenon is of sufficient interest to warrant a glance at the

secular values. The eccentricity, 100,000 years ago, has already been
stated at .0473 ; and the formula of the proportional general differ-

ence of the winter intensities, in the northern and southern hemi-
spheres, becomes 1 — .0946 ;

and the maximum difference becomes
1 — .1892, Thus the difference of winter intensities between the

northern and southern hemispheres, and likewise, of summer intensi-

ties, was then about three times greater than at the present time.

But this wide fluctuation of summer and winter intensities, in rela-

tion to the two hemispheres, scarcely affected the aggregate annual
intensities, as before shown.
From occasional Historic notices of climate, it has been assumed that

the winter season in Europe was formerly colder than at the present

time, Tlie rivers Rhine and Rhone were frozen so deep as to sustain

loaded wagons ; the Tiber was frozen over, and snow at one time lay

forty days in the city of Rome ; but the history of the weather pre-

sents winters of equal severity in modern times. Thus, in the famous
winter of 1709, thousands of families perished in their houses ; the

Arabic Sea was iiozen over, and even the Mediterranean, The winter

of 1740 was scarcely inferior, and snow lay ten feet deep in Spain and
Portugal. In 1776 the Danube bore ice five feet deep below Vienna.

In the United States, likewise, since the period of our colonial history,

the indications of an amelioration of climate are not conclusive. The
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great snow of February, 1717, rose above the lower doors of dwel-

lini!;s, and in the winters which closed the years 1641, 1697, 1740,

and 1779, the rivers were frozen, and Boston and Chesapeake bays

were at times covered with ice as far as the eye could reach ; but the

like occurs at similar intervals in our day. Mild winters, too, have

intervened, and the other seasons are also very variable. The general

indications, however, give rise to the question, wliether there is a

cause of change of climate in the course of the sun ?

About two thousand years ago, in the time of Hipparchus, 128

B. C, the obliquity of the ecliptic, or the sun's greatest declination,

was 23° 43'. It has now decreased to 23° 27^' ; therefore, at the

former epoch, the sun came firther north and rose to a higher alti-

tude in summer ; and went farther south and rose only to a lower

altitude in midwinter. There is then an astronomic cause of change,

of which we propose to determine more precisely the effect.

Let the latitude be 40°, which is nearly the latitude of Philadel-

phia, also of southern Italy and Greece. Computing now for B. C.

128, and for A. D. 1850, the daily intensities at the summer solstice

are 90.45 and 90.05 thermal units, and at the winter solstice 28.67

and 29.04 respectively. The differences .40 and .37 must correspond

almost precisely to degrees of the thermometer ; and halving them
for the whole seasons, as before described, we are conducted to the

following conclusion. In the time of Hipparchus, or about a century

before Julius Cesar, Virgil, Horace and Ovid flourished, under the

latitude of Italy and Greece the summer was two-tenths of a degree Fah-
renheit hotter^ and the icinter as much colder, than at the present day.

The similar changes of solar intensity upon the United States in two
hundred years, can only be made known by theory, and are evidently

very slight. There has been, therefore, no sensible amelioration of

climate in Europe or America from astronomical causes. The effects,

however, of cutting down dense forests, of the drainage and culti-

ration of open grounds and woodlands admit of conflicting inter-

pretation, and appear but secondary to the atmospheric fluctuations

which are governed by the changes in the relative position of the

earth and sun.

Before leaving the. subject, the inquiry may arise respecting Geolo-

gical changes, whether the secular inequalities have ever been of such

value under the present order, as to admit of tropical plants growing
in the temperate or frigid zones. In reply, as the annual intensity

could never have varied in any considerable degree, the change must
consist entirely in tempering the extremes of summer and winter to a
perpetual spring. And this could not happen on both sides of the

equator at once ; for the same astronomic arrangement which made
the daily intensities in tlie northern hemisphere equable, would
subject those of the southern to violent alternations ; and the wide
breadth of the torrid zone would prevent the effects being conducted

from one hemisphere to the other.

Let us then look back to that primeval epoch when the earth was
in aphelion at midsummer, and the eccentricity at its maximum
value—assigned by Leverrier near to .0777. Without entering into

elaborate computation, it is easy to see that the extreme values of
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diurnal intensity, in Section IV, would be altered as by tbe multi-
plier 1 — 0.11 in summer, and 1 -{- 0.11 in winter. This would
diminish the midsummer intensity by about 9°, and increase the
midwinter intensity by 3° or 4°

; the temperature of spring and
autumn being nearly unchanged. But this does not appear to be of
itself adequate to the geological effects in question.

It is not our purpose here, to enter into the inquiry, whether the
atmosphere was once more dense than now, whether the earth's
axis had once a different inclination to the- orbit, or the sun a
greater emissive power of heat and light. Neither shall we at-

tempt to speculate upon the primitive heat of the earth nor of
planetary space, nor of the supposed connection of terrestrial heat and
magnetism

; nor inquire how far the existence of coal fields in this
latitude, of fossils, and other geological remains have depended upon
existing causes. The preceding discussion seems to prove simply that,
under the present system of physical astronomy, the sun's intensity
could never have been very greatly different from what is manifested
upon the earth at the present day. The causes of notable geological

changes must he other than the relative position of the sun and earth, under
their present laws of motion.

If we extend our view, however, to the general movement of the Sun
and Planets in space, we find here a possible cause for the remarkable
changes of temperature traced in the geological periods. For, as
Poisson conjectured, Theorie de la Chalezcr, p. 438, the phenomena
may depend upon an inequality of temperature in the regions of space,
through which the earth has passed. According to a calculation quo-
ted by Prof. Nichol, the velocity of this great movement is six times
greater than that of the earth in its orbit, or about 400,000 miles per
hour.

In this motion, continued for countless ages, the earth may have
traversed the vicinity of some one of the fixed stars, which are suns,
whose radiance would tend to efface the vicissitudes of summer and
winter, if not of day and night, with a more warm and equable cli-

mate. This may have produced those luxuriant forests, of which the
present coal fields are the remains; and thus the existence of coal

mines in Disco, and other Arctic islands, may be accounted tor. If no
similar traces exist in the Antarctic zone, the presumption will be
strengthened, that the North Pole was presented more directly to the
rays of such illuminating sun or star. Indeed, by this position, all

possibility of conflict with Neptune, and the other planets which lie

nearly in the plane of the ecliptic, were avoided.
The descrijttion of such period, with strange constellations and

another sun gleaming in the firmament, their mysterious effects upon
the growth of animals and vegetation, their untold vicis^itudes of
light, shadow and eclipse, belong to the romance of astronomy and
geology. As in the ancient tradition described by Virgil in the sixth
Eclogue:

—

Jamqiie novum terrte stupeant lure^cere Foleni

:

Allius atqne cadaiit sulimutis tiubibus inibies :

Incipiarit silvcG quarn primuni surgere, quumqua
Rara per igiiolos errent aniinalia monies.
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It is evident that, in receding from the sphere of intensity of such

star, as a comet from the sun, the earth's annual temperature would

very slowly decrease in process of time, according to the temperature

of the space traversed. ' And, at a remote distance irora the stars, the

temperature of space ought to remain stationary; as the mean annual

temperature of the earth has remained for at least two thousand year*

past, and without doubt will so continue for ages to come.

Section VIII.

ON LOCAL AND CLIMATIC CHANGES OF THE SUN'S INTENSriT.

As the principal topics under this head have been anticipated in the

former portions of the work, they need not here be repeated.^ The

inequality of winter, and especially of summer intensities in the

northern and southern hemispheres, has already been discussed in the

last Section, and ascribed to the changing position of the sun's perigee.

Let us now pass to another local inequality, which consists in the

difference of daily intensities at two places situated on the same par-

allel of latitude, but separated by a considerable interval of longi-

tude. This difference arises solely from hourly change of the Sun's

Declination, while moving from the meridian of one place westward

to the meridian of the other ; the Sun in the interval attaining a

Higher or lower meridian altitude.

For example, the latitude of Greenwich, near London, is 51° 28'

39". Following this parallel west to a point directly north of San

Francisco, in California, the difference of longitude is 122° 28' 2". At

the time of the autumnal equinox, the daily change of the sun^s decli-

nation is 23' 23". Consequently, in passing from the meridian of

Greenwich to that of San Francisco, the declination is diminished by

rsr.s.
When the Sun's Declination is 0, at apparent noon at Greenwich,

on Sept. 21st, it will be T 57". 3 S. at noon in the longitude of San

Francisco, on the same day ; the semi-diameter being ]5' 59" or 959"

for Greenwich, and 959". 1 for San Francisco. With these elements,

let the sun's daily intensity be computed for both places. The result is

50.13 thermal units for Greenwich, and 49.91 for the place north of

San Francisco, on the same latitude. The difference is .22 corre-

sponding to nearly + {° Farenheit ; and by so much the intensity upon

the zenith of Greenwich is greater, on the same day.

At the vernal equinox, March 20, the sun's daily change of declina-

tion would be in the opposite direction, and the difference would be-

come— |-°F. The inequality of this species thus compensates itself in

theory, leaving the yearly intensity the same for all places having the

same latitude.

For further reference on this point, the daily changes of declinationy

near the first of each month, are subjoined as follows:

—

January, 5' May, 18' September, 22'

February, 18' June, 8' October, 28'

March, 23' July, 5' November, 18'

April, 23' August, IV December, 9'
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In this connection, it may be observed thatNervander, Buys Ballot,

and Dove have developed a slight inequality of temperature dependent
upon the Sun's rotation around his axis, and having the same period

of about 27 days ; but this result is not confirmed by Lamont, Pog-
gendorjf" s Annaltn for 1852.

With respect to maxima and minima, the foregoing Plate exhibits

a resemblance to two summers and to two winters on the Equator

—

the sun being vertical at the two equinoxes. On receding from the

equator, but still in the torrid zone, the sun will be vertical at equal
intervals, before and after the summer solstice, which intervals

diminish as the sun approaches the Tropic ; the sun being vertical to

each locality, when his declination is equal to the latitude of the
place ; as indicated in the annexed diagram.
On arriving at the Tro])ic in the

yearly motion, the sun can be vertical

but once in the year^ namely, at the

summer solstice. At all places more
distant from the equator the sun can
never be vertical, but will approach
nearest this })osition at the solstice in

summer (s), and be farthest from it at

the solstice of winter (lo). Thus in the

torrid zone, the sun's daily intensity

lias two maxima and two minima
annually ; in the temperate zones, one
maximum and one minimum ; and in

the frigid zones, one maximum.
Owing to change of the sun's distance, the intensity is not pre-

cisely the same at the autumnal equinox as at the vernal ; the dif-

ference, however, being small, may here be neglected. And for more
full illustration, a horizontal projection might be drawn of the Table
in Section IV, showing the Sun's Diurnal Intensity along the
meridian at intervals of thirty days, from June to December, and
approximately for the other months. The alternate curves will of
course show the sun's changes of intensity in intervals of sixty days.

It will be seen that the sun's least yearly range of intensity is not
on the Equator, but about 3° of latitude from it north and south.
Here the daily heat is most constant, and perpetual summer reigns
through the year.

In like manner, the diverging curves show an increasing yearly
range, which is greatest in the Polar regions. Also the changes
from one day to another are most rapid in spring and autumn. The
greatest intensity occurs at the summer solstice, June 21, and the
least, at the winter solstice, December 21 ; so that the yearly range
from minimum to maximum is a little wider than the drawn curves
indicate. Near the Polar Circle, a singular inflection commences in
summer, and the temperature rises rapidly to the Pole.

These laws of Intensity are subject to the retardation in time,
mentioned in Section IV, when applied to temperatures, and thus
will correspond, generally, with observations. For example, the
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thermonietric colnmn will, during the month of May, rise faster at

Quebec than in Florida, and still more rapidly at the Arctic Circle.

It was proved, in Section IV, that the Sun's intensity upon the

Pole during eighty-five days in summer, is greater than upon the

Equator. Indeed, at the summer solstice it rises to 98.6 thermal

units, corresponding nearly to 98° Fahrenheit, which singularly

coincides with the temperature of the human body, or blood heat.

Though this circumstance may invest the Hyperborean region with

new interest, still we cannot assume a brief tropical summer with

teeming forms of vegetable and animal life in the centre of the frozen

zone. For the measured intensity refers to the outer limit of the

atmosphere, upon which the sun shines continually, but from a low

altitude which cannot exceed 23° 28'. Much of the heat must, there-

fore, be absorbed by the air, as happens near the hours of sunrise

and sunset in our climate. Also " the vast beds of snow and fields of

ice, which cover the land and the sea in those dreary regions, absorb,

in the act of thawing or passing to the liquid form, all the surplus

heat collected during the continuance of a nightless summer. But

the rigor of winter, when darkness resumes her tedious reign, is like-

wise mitigated by the warmth evolved as congelation spreads over

the watery surface." {Encyc. Brit., article Climate.)

The sun's intensity may yet have a somewhat greater effect upon the

pole where it pierces a thinner stratum, of the atmosphere than over

another portion of the earth's surface. For, in consequence of the

centrifugal force of the earth's diurnal motion, the particles of air in

all other parts of the earth, being thrown outwards, tend to an in-

creased thickness in spheroidal strata. We might thence infer that a

less proportion of the sun's rays would be absorbed, and a greater

portion transmitted through the atmosphere to the siirface of the

earth. However this may bp in the immediate vicinity of the Pole,

yet in the high latitudes hitherto visited by navigators, and which

are not nearer than about five or six hundred miles from the North

Pole, according to Dr. Kane and others, a dense and lasting fog

prevails after the middle of June, through the rest of the summer
season, and effectually prevents the rise of temperature which the

sun's intensity would otherwise produce.

"The general obscurity of the atmosphere arising from clouds or

fogs is such, that the sun is frequently invisible during several suc-

cessive days. At such times, when the sun is near the northern

tropic, there is scarcely any sensible quantity of light from noon to

midnight." {Scoreshy's Arctic Regions, Vol. I, p. 378.) ''The

hoar-trost settles profusely in fantastic clusters on every prominence.

The whole surface of the sea steams like a lime-kiln, an appearance

called the frost smoke, caused, as in other instances of the production

of vapors, by the waters being still relatively warmer than the in-

cumbent air. At length the dispersion of the mist, and the conse-

quent clearness of the atmosphere, announce that the upper stratum

of the sea itself has become cooled to the same standard ; a sheet of

ice quickly spreads, and often gains the thickness of an inch in a

single night."

The question of an open unfrozen sea in the vicinity of the North

Pole has long been agitated. In this connection we shall only glance



348 METEOROLOGY.

at some of the evidences on both sides, without discussing further a

subject from which the veil of uncertainty is not yet entirely removed.
" Uf this I conceive we may be assured," i-ays Scoresby, Vol. I, p.

46, "that the opinion of an ojien sea around the Pole is altogether

chimerical. We must allow, indeed, that when the atmosphere is

free from clouds, tbe influence of the eun, notwithstanding its

obliquity, is, on the surface of the earth or sea, about the time of

the summer solstice, greater at tlje Pole, by nearly one-fourth part,

than at the equator. (See Section IV. The value was first de-

termined by Halley, Phil. Trans , 1693.) Hence it is urged that thig

extraordinary power of the sun destroys all the ice generated in the

winter season, and renders the temperature of the Pole warmer and
more congenial to the feelings than it is in some places lying near the

equator. Now, it must be allowed, from the same principle, that the

influence in the parallel of 78°, where it is computed in the same way
to be only about one forty-fifth part less than what it is at the Pole,

must also be considerably greater than at the equator. But, from
twelve years' observations on the temperature of the icy regions, I

have determined the mean annual temperature in latitude 78° to be
16° or 17° P., [that is about fifteen degrees below freezing point]

;

how, then, can the temperature of the Pole be expected to be so very

difi'crent?"

After some further argument, the author remarks in a note :

'
' Should

there be,land near the pole, portions of open water, or perhaps even

considerable seas might be produced by the action of the current

sweeping away the ice from one side almost as fast as it could be formed.

But the existence of land only, I imagine, can encourage an expecta-

tion of any of the sea northward of Spitzbergen being annually free

from ice."

On the other hand, the following indications in favor of an open sea,

are derived from a recent article upon Arctic Researches, announcing
that " the existence of the long suspected unfrozen Polar Sea has been

ail-but proved."
First, it was found that the average annual temperature about the

80th parallel, was higher by several degrees, than that recorded far-

ther south. At the island of Spitzbergen, for example, under the

80th parallel, the deer propagate, and on the northern coast the sea is

quite open for a considerable time every year. But at Nova Zembla, five

degrees further south, the sea is locked in perpetual ice, and the deer

are rarely, if ever seen on its coast. This has led physical geographers

to suppose that the milder temperature of Spitzbergen must be attrib-

utable to the well known influence of proximity to a large body of

water ; while the contiguity of Nova Zembla to the continent was
thought to account for the severity of its climate.

Secondly, Captain Parry reached Spitzbergen in May, 1827; from
thence he went northward two hundred and ninety-two miles in thirty-

five days, during which it rained almost all the time. The ice being

much broken, and the current setting toward the south, he could not

make way against it, and was comj)elled to return, which the current

greatly lacilitated. Besides the current here noticed by Parry, others

had been determined before, and more have been ascertained since
;



METEOROLOGY. 349

80 that powerful currents of the Arctic Ocean southward, may he con-

giderecl as estahlished.

Thirdly, in 1852, Captain Englefield, while making his summer
jearch for Sir John Franklin, in the northeast of Baffin's Bay, beheld

with surprise " two wide openings to the eastward into a clear and
unincumbered sea ^ with a distinct and unbroken horizon, which, beau-

tifully defined by the rays of the sun, showed no signs of land, save

one island." Further on he remarks, " the changed appearance of

the land to the northward of Cape Alexander was very remarkable.

South of this cape, nothing but snow-capped hills and cliffs met the

eye ; but to the northward an agreeable change seemed to have been

worked by an invisible agency—here the rocks were of their natural

black or reddish-brown color ; and the enow which had clad with

heavy flakes the more southern shore had only partially dappled them
in this higher region, while t\\e western shore was gilt with a belt of

ice twelve miles broad, and clad with perpetual snows."

To these may be added the discovery of the southern boundary of

an open polar sea, in the expedition from which Dr. Kane has just

returned, October, 1855. "There are facts," observes this distinguished

explorer, " to show the necessity and certainty of a vast inland sea at

the North. There must be some vast receptacle for the drainage of

the polar regions and the great Siberian rivers. To prove that water

must actually exist, we have only to observe the icebergs. These float-

ing masses cannot be formed without terra firma, and it is a remark-

able fact that, out of 860°, in only 30° are icebergs to be found, show-

ing that land cannot exist in a considerable portion of the country.

Again, Baffin's Bay was long thought to be a close bay, but it is now
known to be connected with the Artie sea. Within the bay, and cov-

ering an area of ninety-thousand square miles, there is an open sea

from June to October. We find here a vacant space with water at 40°

temperature—eight degrees higher than freezing point."

The last narrative of Dr. Kane has since been published, in which
the view is described of the open Polar sea in the month of June, and
the opinion is advanced that its higher temperature arises from a con-

tinuation of the Gulf stream to that most remote locality. More
recently, the observations of Commodore Rogers, in the United States

ahip Vincennes, who passed through Behring's Straits in the summer
of 1855 ;

" and his observations show uniformly this arrangement or

stratification in the fluid mass of the Arctic ocean—warm and light

water on top, cold water in the middle, and warm and heavy water at

the bottom. This substratum of heavy water was probably within the

tropics, and at the surface when it received its warmth. Water, we
know, is transported to great distances by the under currents of the

sea without changing its temperature but a few degrees on the way.

Beneath the Gulf stream, near the Tro})ic of Cancer, with the surface

of the ocean above 80°, the deep-sea thermometer of the Coast Survey

reports a current of cold water only 3° above the freezing point. We
know of numenms currents flowing out of the Polar basin and dis-

charging immense volumes of water into the Atlantic; we know of

but one surface current, and tliat a feeble one, around the North Cape,

that goes into this basin. Hence, we should conclude that there must
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be one or more under-currents of salt and heavy water flowing into the

Arctic hasin. A considerable body of water at the temperature of
40° rising to the surface there—as come to the surface it must, in order

to supply the out-going upper currents—would tend mightily to mit-

igate the severe cold of these hyperborean regions."

SECTION IX.

ON THE DIURNAL AND ANNUAL DURATION OP SUNLIGHT AND TWILIGHT.

Having thus far considered the intensity of solar radiation upon any
part of the earth, we shall lastly pass to examine its duration.

In several publications it has been stated that " the sun is, in the
course of the year, the same length of time above the horizon at all

places." On applying an accurate analysis^ however, it appears, as

will presently be shown, that the annual duration of sunlight is sub-
ject to a very considerable inequality. This annual inequality in-

creases with the distance from the eqnator, and is proportional to the
sine of the longitude of the sun's perigee.

The longitude of the perigee on January 1, 1850, was 280° 21' 25",

and increasing at the rate of 61". 47 annually ; the sine of the longi-

tude of the perigee is therefore decreasing in value every year, and
with it, the inequality of sunlight. At the present time it amounts,
in the latitude of 60°, to 86 hours—being additive in the northern,
and subtractive in the southern hemisphere. That is, in the latitude

of 60° north, the total duration of sunlight in a year is 36 hours more,
and in the latitude of 60° south, 36 hours less than on the equator.

At either pole the inequality amounts to 92 hours, or more than seven
and a half average days of twelve hours each.

Were the earth's orbit a perfect circle, the inequality could not
exist ; its physical cause lies in the unequal motion of the earth in its

elliptical orbit. During summer of the northern hemisphere, the
earth is in and near aphelion, its longitude, and consequently the de-
clination on which the length of day depends, changes most slowly
from one day to another ; whereas, during summer of the southern
hemisphere, it changes the most rapidly, and the longest days are^

fewer in number.
The ei)och when the annual inequality was at its last maximum, is

found by dividing the present excess of the longitude of the perigee
above three right angles, by the yeaily change. The excess, in 1850,
was 10° 21' 25", which divided by 6 1''. 47 gives a quotient of 606.5
years ; which refers back to the period of the middle ages, A. D. 1243.

At a still earlier epoch, this inequality must have entirely vanished.
At that epoch, the line of the apsides evidently coincided witli the

line of the equinoxes, which is cotnputed to have been about 4,000-

years before the birth of Christ, at which time chronologists have fixed

the first residence of man upon the earth. The luminous year was
then of the same length, at all latitudes, from pole to pole.

Though the annual duration of sunlight thus varies from age to^

age, and in the northern hemisphere differs from the southern
;

yet,,

such is the law of the planet's elliptio motion, that the sun's annual
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intensity at any latittitle north, is precisely the same as at an equal

latitude south of the equator. This immediately follows from the

formula, where the annual intensity is developed in a series of powers

of cos L, which is always positive, whether the latitude L he south or

north.

Proceeding with the investigation, I have computed the annual

duration of sunlijrht^ according to the rising and setting of the sun's

centre, without regard to refraction. It is the half of 365.24 days, or

182.62' days, increased hy the quantities in the following table, for

the northern hemisphere^ and diminished hy the same for the southern

hemisphere

:

Annual Inequality of Sunlight, A. D. 1850.

Latitude.
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may estimate tliat civil twilight ends, when the sun has declined 6°

below the horizon ; and that a decline of 16° is necessary to terminate

the astronomic twilight.

''I depart here i'rom the general opinion, which fixes at 18° the
solar depression at the end of twilight, and at 9° that which charac-

terizes the end of civil twilight. The numbers which I have adopted
are derived from numerous observations." •' The shortest civil twi-

light takes place on the 29th of Sej)tember, and on the 15th of March;
the longest on the 21st of June. The shortest astronomic t\rilight

occurs on the Yth of October, and on the 6th of March ; the longest

on the 21st of June, in this latitude. Above the 50th degree of lati-

tude twilight lasts through the whole night at the summer solstice."

The analytic solution of the problem to find the time of the shortest

hoilight was first given by John Bernoulli ; the formula may be found
in various astronomical works. The method of Lambert for deter-

mining the height of the atmosphere from twilight being less com-
monly known, a method of solution is given in the Smithsonian
Memoir. Lambert found that when the true depression of the sun
below the horizon was 8° 03', the height of the twilight arch was 8°

30'; and when the depression was 10° 42', the altitude of the bow waa
6° 20'.

With the given mode of calculation, the first observations of Lam-
bert determine the height of the atmosphere to be 17 miles ; and the

second observations, 25 miles. And a still later observation would
have given a still greater height, owing, perhaps, to the mingling of

direct and reflected rays. The subject awaits further improvement

;

though some extensions have been made by M. Bravais, in the An-
nuaire 3Ieteorologique de la France for 1850.

If we regard only the appearance of the Twilight bow, the limits of

the sun's depression assigned by M. Bravais are doubtless nearly

correct, namely^ 16° for astronomical, and 6° for civil twilight.

But, regarding only the actual intensity of light falling upon the eye,

it appears that the effects of the bow are further increased by indefi-

nite reflection among the particles of air, and this may increase the

average limits to 9° for civil, and 18° for astronomical twilight.

Without determining which view ought to be adopted, a mean has

here been taken, and the following tables have been calculated on the

assumption that the sun is 7^° below the horizon at the end of civil

twilight, and 17° at (he end of astronomic tioilight.

By subtracting either value from the latitude of the polar circle we
obtain the lowest latitude at which twilight lasts through the whole
night at midsummer. This latitude is about 50° for astronomical,

and 60° for civil twilight. In determining these and otlier phases,

the increase of the day by refraction and by the twilights may all be
comprehended in one general formula.*

• Let m denote thu sim's depression below the horizon at the end of either period
;

then the distance from tlie Pole to the zenith, 90-^ — L, the distance from the Pole to

the sun, 90^ — D, the distance from the zenith to the sun 90° -{- wt, or three sides of a
*ph8rical triangle are given to find the hour angle 11 -\- r, as in the following equatiou :

,,, , , — sin L sin D — sin m
, ,., sin m

COS. {II -\- r) = = zz: 4- COS. H ;
=•

* ' cos L COS. D ' COS. L cos. D
ITero r denotes the increase bj refractioa or bj Twilight, according ;i6 m is taken at 34'.

at 7^°, or 170.
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At the pole the duration of twilight is easily found by noting in

the ephemeris the time at which the sun's declination south is equal

to the depression of the crepusculum circle below the horizon ; this

instant and the equinox being its limits of duration. As before indi-

cated, the limit of refractional light is when the sun is 34' below the

horizon ; civil twilight when it is 7^° ; and common or astronomical

twilight when it is 17°. Thus we shall find

—

Annual Duration.

1853.
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remaining duration of total darkness after twilight and moonlight,

can scarcely exceed three months in the year. The interval towards

the close of astronomic or common twilight corresponds to what is

commonly termed, in the country, "early candle-light," when the

glimmering landscape fades on the sight and the stars hegin to be

visible. The end of civil twilight marks the time at which some city

corporations in Europe are said to have made regulations for ligliting

the street lamps.

In conclusion, without entering into further details, the connexion

of solar heat and light has enabled us to exhibit, by the same formulae

and curves, the intensities of bo*li in common. Indeed, so close is

the analogy that even the monthly height of the mercurial column,

which shows the temperature, indicates generally the average intensity

of sunlight in that locality.

Half days, or Semi-Diurnal Arcs, in the Northern Hemisphere.

Date.
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Duration of Civil Twilight^ Morning or Evening.

Date.
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This work, which was commenced in the last annual report, p. 311,

is continued in the present volume.

Some of the subjects discussed may be familiar to the readers ot

English scientific works, but these are retained for two reasons—firstly,

because their omission would destroy the continuity of the narrative of

scientific progress, and, secondly, because these very subjects serve

as a text for the introduction of views held by continental philoso-

phers, with very few exceptions, and yet not sufficiently well known

to those who derive their information from the ordinary English

works upon electricity.

SECTION FIRST.

FRICTIONAL ELECTRICITY.

ELECTRIC RELATIONS OF DIFFERENT SUBSTANCES, ELECTRICAL MACHINES, AND

ELECTROMETERS.

§ I. Electricity of machine-made paper.—It has been long known

that paper becomes electrified by friction ;
and the excitation of elec-

tricity in the manufacture of machine paper is not a new phenomenon

;

possibly there were few proprietors of paper mills who had not observed

it, yet this phenomenon was described for the first time by Eaukel.—
(Pogg.Ann.,L\^,477,)

i
• ,1..

In every machine the paper becomes highly negative on leaving the

last pair of pressing rollers. If the finger is brought near to the

paper, between the finishing rollers and the reel, a brush passes from

it to the paper, and a Leyden jar can be readily charged. The paper,

too, which has been wound upon the reel is electrified, and notably so

when there is a large roll upon the reel. When the paper is cut off

from the reel, and the long sheets are pulled apart, very strong,

brilliant sparks pass between them.

This electricity evidently arises merely from the heating of the

paper and its compression by the rollers. No rubbing friction can

take place since the velocity of revolution of all of the rollers is ex-

actly the same.
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§ 2. Schonbein's electrical paper.—By a process similar to that used
in the preparation of gun-cotton, Schonhein has succeeded in converting
paper into a perfectly transparent substance, which, by the slightest
friction, becomes extraordinarily electrified, (Pogg. Ann., LXVIII,
159,) and which he employed in the construction of an electrical

machine.
Such a substance must be in the highest degree acceptable to the

experimental physicist, and it is so much the more to be regretted
that Schonhein and Bottger have published nothing further on this
subject, although electrical paper is now offered for sale in Berlin. In
most cases the electrical paper can be replaced by thin sheets of gutta
perch a.

§ 3. ElectrkAty of gutta percha.—Gutta percha is such a good in-

sulator, and becomes so powerfully electrified by friction, that these
properties of a substance, already applied to so many uses, could not
long remain unknown. Towards the close of the winter in 1848,
Dr. Hasendever, of Aachen, called my attention to this peculiarity of
gutta percha, and I had already used it in the construction of an
electrophorus, when I found, in the March number of the Phil. Mag.,
a memoir by Faraday upon this subject, a translation of which ap-
peared in Pogg. Ann., (LXXIV, 154.) The following is the sub-
stance of Faraday's remarks upon the electric and insulating properties
of gutta percha

:

A good piece of gutta percha insulates as perfectly as a similar piece of
shellac, whether the form be that of a plate, a rod, or a mere thread;
but, as it is tough and pliable when cold, as well as soft when warm,
it serves a better purpose, in many cases, than the brittle shellac. In
the form of strings and bands it is an excellent suspending insulator,
and in that of plates it is the most convenient insulating support.
By friction gutta percha becomes powerfully negative. Some of it

is sold in sheets no thicker than ordinary paper ; if a strip of this be
drawn between the fingers, it becomes so much electrified that it

adheres to the hand and attracts bits of paper.
A plate of gutta percha makes an excellent electrophorus.
All kinds of gutta percha are not equally good insulators. If a

piece of the proper kind is cut, the surface has a resinous lustre and a
compact appearance, while a piece of the poorer kind has not the same
degree of lustre, is less translucent, and looks almost like a solidified
cloudy fluid.

If a piece which conducts is heated in a current of hot air or over a low
gas flame, pulled out, folded up and then kneaded for some time with
the fingers, as if to squeeze out the contained moisture, it becomes as
good an insulator as the best kind.
A piece which insulates, will, if soaked in water for four days, re-

over its insulating power by an exposure to the air for twelve hours.

^
A piece which does not insulate is greatly improved after lying for

eight days in a drying closet; the outer layer insulates, but a freshly
cut surface shows that the inside still conducts.

Gutta percha of any kind exposed to a gradually increasing tem-
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perature at 170 to 180° cent, gives out a considerable quantity of

water, and after cooling insulates well.

§ 4. Electricity of rubbed glass.—It is well known that the kind

of electricity which glass receives by friction de])ends upon the rub-

bing substance. But Heiiitz, (Pogg. Ann., LIX, 805,) has further

shown that, by various means, glass may bo brought into such a con-

dition that by a slight rubbing it becomes negative, with substances

which, under ordinary circumstances, make it positive.

If a glass rod be passed several times through the flame of a spirit

lamp, (whereby every trace of adhering electricity must be dissipated,)

and then rubbed gently with cloth, which ordinarily renders it posi-

tive, it becomes negative, and it is only after a continued and stronger

friction that positive electricity appears.

It is not the heat of the glass rod which produces this effect, for if

after having been passed through the flame the rod is allowed to be-

come perfectly cold, or even laid aside for several days, it still becomes
negative by slight friction with cloth.

This experiment shows that heat is not the immediate cause of the

above mentioned phenomenon, but it might be possible that the heat

of the flame was the cause of the condition of the surface of the glass,

by virtue of which it became negative by slight rubbing. But Heintz

has shown that even this is not the case.

If a perfectly clean glass rod be wrapped in tin foil, or put into a
glass tube, and then held in the flame of a spirit lamp, so that the

flame does not touch it, but still heats it, the above mentioned pecu-

liarity does not appear, even if the temperature has been carried to a

high degree.

In order to give to glass this peculiar property^ it is not necessary

to hold it within the flame, it is sufficient to pass it back and forth at

a distance of about three inches above the top of the flame of a good
spirit lamp with double current of air.

To clean the glass rod properly it should be washed with a solution

of caustic potash, and rinsed with distilled water.

Other flames produce the same effect as that of alcohol.

The chemical action of the products of combustion cannot be the

cause of this phenomenon, for steam does not produce it, but the flame

of burning hydrogen does, and in this case nothing but the vapor of

water is produced.

If a glass rod be dip])ed into concentrated sulphuric, muriatic or

nitric acid, and rinsed after its removal with distilled water, until the

drops no longer show an acid reaction, the adhering water thrown off",

and what still remains allowed to evaporate—the rod acts precisely in

the same way as it would have done if it had been passed through the

flame of a spirit lamp, it becomes negative by friction.

Alkalies do not act like the acids, they cause the glass rod to become
decidedly positive.

There is a great difference between the various specimens of glass

in regard to the facility with which they assume the above described

condition.

Upon rock crystal, calcspar, gypsum and heavy spar, the flame has
the same action as upon glass.
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On the other hand, such substances as ordinarily become negative
by friction could not, by the employment of similar means, be so

changed as to become positive.

In relation to the rubbing substance, it is shown by the experiments
that for cloth, may be substituted leather, sealing wax or silk, but
not Kienmaier's amalgam; on the other hand, a glass rod prepared in

the flame of a spirit lamj) and rubbed with tin foil shows negative
electrcity; the same effect is produced by the other metals ; even on
dipping a prepared glass rod but once into mercury, it is drawn out
with negative electricity ; by repeated dippings,, however, it is ren-

dered positive.

To say " that the glass rod, held in the flame of any combustible
substance, or dipped into concentrated acids undergoes a change upon
its surface, which cannot be discovered immediately by the senses, but
which can be recognized by means of the electroscope," can by no
means be called an explanation, it is simply a modified statement of

the fact,

§ 5. On the conducting power of certain substances. ^i?te-9s has ex-
amined many substances with reference to their conducting power,
and their capability of becoming electrified by friction.—(Pogg. Ann.,
LXIV, 51.)

A small rod oi selenium, three lines thick, will discharge a gold leaf

electrometer almost instantaneously, and by means of it sparks may
be drawn from the conductor of an electrical machine ; insulated and
rubbed in one spot by flannel, it becomes negatively electrified in every
part. In its ordinary condition, consequently, the surface of selenium
conducts. If in one spot a new surface is made by fusion, it does not
conduct electricity as well as before, and a thread of selenium drawn
out in a flame insulates as well as shellac. Rubbed with flannel, leather,

linen, or even drawn between the dry fingers, such a thread becomes
strongly negative.

Selenium, therefore, is a non-conductor, and becomes electric by
friction, if its surface be perfectly clean.

Iodine is an imperfect conductor of electricity. A rod of this sub-
stance, 6|- lines thick and 20| lines long, discharged an electroscope

in one second ; without insulation this cylinder could not be electrified

;

when insulated and rubbed against flannel it became feebly negative.

Iielinas2:)haHuin insulates, provided that pieces with a clear vitreous

surface are used. Leather—brown pieces with a rough ragged surface,

on the other hand, conduct, as is also the case with bits of amber hav-
ing rough surfaces.

Aluminum and glucinum in the form of powder, when properly dried,

are non-conductors.

§ 6. Production of electricity by steam escaping through narrow
PASSAGES.

—

Mr. Armstrong, of Newcastle-upon-Tyne, towards the close

of 1840, received information that, at Saghill, near Newcastle, a very
extraordinary })henomenon had been observed on the escape of steam
from a boiler. (Pogg. Ann. LII, 328, Phil. Mag. vol. XVII, p. 370
and 4:o2_, vol. XVIII, p. 50.)—Steam was escaping from a leaky joint

near the safety valve, and the engine tender, having one hand acci-
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dentally in the jet, had with the other taken hold of the lever to adjust

the weight of the safety valve, when a spark passed between his hand

and the lever, and he received a severe electrical shock.

Armstrong went to the place, and verified this statement *, hut the

sparks were not so powerful as they had been before, whicli he as-

cribed to the circumstance that, the day before his arrival, the boiler

had been cleaned by the removal of a thin calcareous incrustation
;

this, however, his subsequent investigations showed had no influence

whatever upon the excitation of electricity.

In continuing his investigations, Armstrong stood upon an insula-

ting stool, and found that then the sparks were much stronger. A
metallic rod, with a brass plate at one -end and a ball at the other,

was held by an insulating handle, with the plate in the jet of steam

;

the whole insulated conductor showed signs of electricity, and sparks

could be drawn from the knob. When the knob was brought within

a quarter of an inch of the boiler, between sixty and seventy sparks

passed in a minute. The greatest distance between the knob and the

boiler at which a spark appeared was one inch.

The load upon the valve was thirty-five pounds to the square inch.

The electrical excitement increased and decreased with the tension of

the steam in the boiler.

The electricity of the steam and of the conductor held in it was

positive.

Investigations made upon other boilers gave similar results ;
very

powerful sparks were obtained from a locomotive. Armstrong stood

upon an insulating stool, and took in one hand a light iron rod, which

he held in the steam escaping from the safety valve. When the other

hand was brought near an uninsulated conductor, he obtained sparks

an inch long. "The length of the sparks increased to two inches when
tlie rod was held five or six feet above the safety valve.

Even from the cloud of steam in the engine house iii which the

locomotive stood, electricity could be drawn as by a lightning-rod

from a storm cloud.

When the upper end of the rod held in the hand was provided with

a brush of wire, sparks four inches long could be drawn from a knob

on the lower end.

To discover the negative electricity corresponding to the positive of

the escaping steam, the locomotive was raised from the rails, and its

wheels placed upon insulating supports. Each of these supports con-

sisted of three blocks of dried wood, covered with pitch, and separated

by layers of pitch and paper. To avoid increasing the height, and

at the same time to extend the insulating surface, the middle block

was made much wider than the others. The water in the boiler was

then made to boil. As long as the steam was confined, the boiler

gave no signs of electricity ; but as soon as it was allowed to escape,

the boiler became strongly negative.

The sparks from the boiler were never more than one inch long,

and this is easily understood when we consider that the electricity of

the boiler, on account of the numerous angles and prominences of the

locomotive, could not attain a high tension.

The experiments which Armstrong made to discover the source of
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the electricity of steam boilers need not be described, as they led to

no decisive results. We now pass to the investigations made by
Faraday upon this subject.

§ 7. Faraday's researches on hydro-electricity.—Tlie substance

of the results obtained by Faraday in these researches is given in my
Lehrhuch der Fhysik.—(Vol. 11, 2d pt., p. 82, 3d ed.) It is only

necessary at present to give some of the details.

The apparatus employed by Faraday (Pogg. Ann. LX, 321) was

not intended to produce steam in quantity, or of high pressure ;
his

Fig. 1. object being to discover the cause of

the phenomenon, and not to increase

the electric development. His boiler

held 10 gallons ot water, and would

allow the evaporation of 5 gallons.

To this boiler was attached a pipe

and about f of an inch^ 4| feet long

in diameter, at the end ot which was

a globe about 4 inches in diameter,

designated in the experiments as the

steam globe, (fig. 1.) To this dif-

erent mouth-pieces could be screwed. The boiler was well insulated.

For a mouth-piece, a narrow boxwood tube may be screwed to the

steam globe. If the globe contains no water, the issuing steam, after

the first moment, and as soon as the apparatus becomes hot_, excites

no electricity. But if the globe contains so much water that it passes

out with the steam, an abundance of electricity appears.

Instead of the boxwood tube, the apparatus rep- Fig- 2.

resented in fig. 2 may be used. This consists of a

narrow tube, into the upper side of which water

may be allowed to enter from the small vessel b on
opening the stop-cock c. If the steam globe con-

tains no water, and the cock c is closed, no elec-

tricity is obtained when the steam escapes ; but as

soon as the cock is opened so that the water can

drop into the issue pipe and be carried off with the

steam, electricit}' is instantly developed.

Hence it follows that steam alone is not sufficient

for the development of electricity ; there must be

condensed steam, consequently, drops of water,

to rub upon the side of the escape pipe, or, in other

words, the electricity is due entirely to the friction

of the particles of water carried out by the steam.

If, instead of pure water, a very dilute solution

of any salt or acid be employed in the apparatus shown infig,

development of electricity ceases entirely.

This arises, as Faraday justly remarks, from the conducting power
of water being so much increased by these agents that the electricity

developed by its rubbing upon metal, or any other substance, is im-
mediately discharged again. The case is just the same as if we
attemi)t to excite shellac by flannel which is moist instead of dry.

As ammonia increases the conducting power of water only ina
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small degree, Faraday conclnded that a solution of ammonia, in the

place of pure water, introduced into the escape tube, would still per-

mit the development of electricity. Experiment verified this pre-

diction.

The metals, wood, glass, shellac, sulphur, &c., become negative by

the friction of the jet of steam and water, while the jet itself is posi-

tive.

An ivory tube, used as an issue piece, causes scarcely any electrical

excitement, so that neither the boiler nor the jet is electrified.

When the neutral jet of steam and water is caused to impinge upon

various substances, electricity is developed. If threads or strings of

different kinds be stretched upon a fork of stout wire, and then ex-

posed, when insulated, to the neutral jet, they become excited, as may
be shown by the gold leaf electrometer. In tliis way, Faraday found

that linen, cotton, silk, wool, yarn, &c., became negative by the

friction of the unexcited jet.

When Faraday held an insulated wire in the jet, made positive by

issuing from a glass or metal tube, at the distance of half an inch

from the mouth of the tube, it was not excited ; held nearer to the

opening it became negative ; removed to a greater distance, however,

it was positive. The reason of this is, that the wire, when near the

tube in the forcible part of the current, is excited and becomes nega-

tive, rendering the jet more positive than before ;
removed further

off", in the quieter part of the current, there is no sensible excitement

by friction, and the wire then acts only as a conductor to the positive

jet, and shows the same state with it.

If some oil of turpentine be introduced through the stop-copk

(fig. 2) into the escape tube, the boiler becomes positive, and the jet

negative ; if the stop-cock be closed again, the condition of things

is soon reversed, as the oil is very rapidly dissipated. With olive oil,

the phenomena are in general the same,

—

i. e., the jet of stream and

water becomes negative, the boiler positive ; but this condition is more

permanent, the oil not being volatile. A very little olive oil in the

exit tube makes the boiler positive for a long time.

If a wooden tube be used as an exciter, and some olive oil applied to

its inner end, or that at which the steam enters, the boiler becomes

positive, and the issuing steam negative ; but if the oil be applied to

the outer end of the tube, the boiler becomes negative and the steam

jet positive.

If a simple exit tube be screwed into the steam globe, the oil will

produce the same effect as before, provided some oil be put upon the

water in the steam globe ; but if the latter contain no|water and only

oil, there will be no development of electricity.

Lard, spermaceti, beeswax, castor oil, resin dissolved in alcohol,

and laurel oil act like olive oil and oil of turpentine.

Faraday thinks that these effects are to be explained by consider-

ing that the sides of the tube are rubbed, not by water, but by oil,

eacli globule of water being covered by a very thin film of oil.

In confirmation of this view, that the oil spreads in thin films upon
the surface of the water, he has shown that the addition of acid or

salt, which in other cases prevents any excitement of electricity, in
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the presence of oil does not have this effect; that is, when oil is in the

escape tube, electricity is developed if the water be slightly acid or

saline.

I do not, however, see among these facts a single one opposed to the

view which seems to me to be at least more natural, namely: that

we have not to consider the friction of the oil on the sides of the

tube, but that of water on the sides affected by the oil ;
a view which

Faraday does not entirely exclude, when he says :
" It is very probable

that when wood, glass, or even metal is rubbed by these oily currents,

the oil may be considered as rubbing not merely against wood, &c.,

but against water also," &c.

When, from a vessel containing compressed air, a jet was caused to

impinge upon a cone of wood or brass, placed in Fig. 3.

front of the opening, as shown in fig. 3, there loas ^
no indication of electricity as long as theairivas ^\t^^»p^rr-dI^M
perfectly dry ; hut ivhenever the air ivas moist^the ^ '

'-'-^^^'

cone became negative. Faraday ascribes this ex-

citation of electricity to the particles of water
which were condensed by the expansion and
cooling of the air striking against the cone. These particles were
visible both in the mist which appeared and by their moistening the

surface of the wood or metal.

If the current of air carried particles of water which it had taken

up in its course against tlie cone, the latter, as might have been ex-

pected, became negatively excited.

If the current of air carried with it the powders of different sub-

stances, these, too, were found to excite electricity. Flowers of sulphur,

lor instance, made wood and metal negative, pulverized quartz made
both positive. Other substances, such as pulverized resin and gum,
gave variable results.

§ 8. Excitation of electricity by the escape of liquid carbonic

ACID.—On a strong glass support, by means of a wooden attachment.

Jolly insulated Natterer s condensation apparatus, with the exit pipe

directed downwards. When the opening was unscrewed, and the

liquid carbonic acid escaped, the apparatus became electric, and small

sparks could be drawn from it.

§ 9. Armstrong's hydro-electric machine.—A description of this

machine will be found in my Lehrhuch der Physih, (Miiller's Physics.)

Compared with the largest and best plate machines, it does not excel

80 much by a greater tension, as by its affording a far greater quan-

tity of electricity. The length of the sparks is not greater than in

the most remarkable plate machines, but experiments which require,

in a short time, a great quantity of electricity, are rendered much
more striking by the hydro-electric machine.

The greatest power is developed when the electricity is drawn ofT

in the form of a current without disruptive discharge. Thus the true

electrolytic decomposition of water, which had never before been ac-

complished unequivocally by frictional electricity, was performed in

the clearest and most distinct manner by the hydro-electric machine.

Ten wine glasses were arranged in a row. They contained

—
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1 and 2, distilled water.

3 and 4, distilled water + -} vol. sulpliuric acid.

5, solution of sulphate of soda, reddened by acidified litmus.

6, solution of sulphate of soda, made blue by litmus.

Y, solution of sulphate of magnesia reddened by acidified litmus.

8, solution of sul[>hate of magnesia made blue by litmus.

9, distilled water reddened by acidified litmus.

10, distilled water made blue by litmus.

Fis. 4.

12 3 4 5 6 7

Glass tubes, 3i inches long, and closed at one end around platinum

wires passing into them some distance, were filled with the respective

fluids and connected by means of the wires, (fig. 4,) ^as shown in

glasses 2 and 3, 4 and 5, 6 and Y, 8 and 9, while 1 and 2, 3 and 4, 5

and 6, 7 and 8, 9 and 10 were connected by wet cotton threads ;
t\yo

of the above described tubes were placed, one in No. 1, the other in

No. 10. The wire of the tube in No. 1 was connected with the boiler,

and that of the tube in No. 10 with a leaden water pipe leading into

a well.

As soon as the steam electric machine was put into operation, bubbles

of gas appeared upon all the wires, but upon the negative in exactly

double the volume of those upon the positive wire ; subsequent exam-

ination showed the former to be hydrogen and the latter oxygen.

After two or three minutes, the water in glass No. 9 became blue

around the wire, and that in No, 10, red; similar changes of color

appeared, but not so soon, in the solutions of glauber salt and of epsom

salt.

The experiment was continued until the tension of the steam was

reduced from 75 to 40 pounds per square inch. The steam was then

shut ofi" and the boiler kept closed until the original tension was again

reached, when the experiment was repeated with the same result.

In similar experiments, Armstrong carried the current through only

two glasses filled with distilled water, when the well knov/n phenom-

enon of the voltaic battery appeared ; the level in the glass contain-

ing the negative pole rose considerably, while it fell in the other.

Another interesting phenomenon was then observed. When the

two glasses were filled to the brim with water, brought within 0.4 of

an inch of each other, and connected by a moistened silk thread, a

quantity of which was coiled up in the water of each, the following

phenomena were noticed:



366 RECENT PROGRESS IN PHYSICS.

1. A column of water enveloping the thread immediately passed

between the glasses, and the silk thread was quickly drawn over from

the glass connected with the negative pole into the one containing

the positive pole, or that which led into the ground.

2. After this had taken place^ the column of water continued for

a few seconds sus})ended between the glasses without the support of

the thread, and when it broke, the electricity passed in sparks.

3. When one end of the silk thread was fastened in the negative

glass, the water diminished in the positive glass and increased in the

negative ; showing apparently that its motion was opposed to that of

the thread when free to move.

4. By scattering particles of dust upon the surface of the water, it

was ascertained that two opposite currents passed between the glasses :

an inner one from the negative to the positive, and an outer one, en-

closing the other, from the positive to the negative. Sometimes the

outer current did not pass over into the negative glass, but trickled

down on the outside, and then the water did not increase in the nega-

tive glass, but diminished in both.

5. After many fruitless attempts, the water was made to pass from

one glass to the other for several minutes without the help of a thread.

At the end of this time, no material variation in the quantity of water

in either of the glasses could be detected. Hence it appears that the

two currents were nearly, if not exactly equal, when the inner one

was not retarded by the friction of the thread.

For the success of these experiments, it is essential that the water

should be chemically pure. The least im})urity caused the water to

boil on the thread, which, becoming nearly dry, is destroyed by the

heat developed by the current of electricity.

Other chemical ejffects, such as the precipitation of copper, from its

solutions, upon silver, the decomposition of iodide of potassium, &c.,

were well shown by this electrical machine.

Finally, the electricity developed by steam, when conducted through

a coil of wire, deflected the magnetic needle and magnetized a cylin-

der of soft iron.

§ 10. The source of atmospheric electricity still unknown—.Long

ago Volta and Saussure expressed the opinion that the atmos])heric

electricity might have its origin in the evaporation of water, and sup-

ported this view by experiments showing the development of elec-

tricity by evaporation. Their experiments, however, did not always

give constant results. The source of this uncertainty seemed to have

been discovered by the investigations of Pouillet ; according to his

experiments, the development of electricity does not take place on the

evaporation of pure water, but on the evaporation of water holding in

solution salt, acid, or alkalies.

In the first edition of my work, based on Pouillet' s Physics, these

experiments are noticed on page 521 of the first part. Even then

these experiments did not appear to me to be conclusive; they seemed

to have been made without following the precautions necessary to the

establishment of FouiUet's views beyond doubt ;
and hence I was led

to conclude the paragraph with the expression of the hope that a crit-

ical revision of these experiments might be made. In the later edi-
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tions of mj Leiirhuch der PhyHih, the whole parapiiraph was omitted,

its matter seeming to me too problematical, and therefore unsuitable

for a text book.

The discovery of Armstrong, and the investigations of Faraday
upon the development of electricity by escaping steam, gave a new
point of view for tlie interpretation of Pouillet's experiments, which
led lleich and Eeiss to repeat them, and thus to discover the true rela-

tion of the conditions concerned in the case.

lleich has published his experiments in the Ahhandlungen hei der

Begriindunq der Icoyiigl. scichsischen Gesellschaft der Wissenscha/ten, &c.

Leipsic, 1846, p. 191).

He verified the experiment as described by Pouillet. A clean pla-

tinum crucible is insulated and connected with a sensitive electroscope,

first heated and then removed from the source of heat ; if then pure

water be dropped into it and allowed to evaporate, no electricity is

obtained, either with or without the condenser.

But if a solution of common salt be dropped into the hot crucible,

as long as the drop rolls about in the spheroidal state, by reason of

the high heat of the crucible, we obtain, as before, no electricity, or, at

most, but a mere trace of it ; but as soon as the crucible has cooled

enough to allow the liquid to boil away, the electroscope is charged
with negative electricity, and pretty strongly, too, if the crucible is a
large one.

The use of the condenser has hardly any advantage, as nearly the

same results are obtained without as with it.

This, and the fact that the development of electricity commenced as

suddenly as the boiling, were considered by lleich as decidedly sup-

porting the view that the electricity is not owing to evaporation, but
has its origin solely in the friction of the particles of water dashed
about upon the hot sides of the crucible.

Now, if friction is the. source of the electricity, it is clear that a

powerful development of it can only take place when the particles of

water are thrown about with violence. As the liquid is dropped into

the vessel, traces of electricity sometimes appear, because, as this is

done, a few particles of water are occasionally thrown out.

The electricity developed by the friction of the drops thrown out

upon the sides of the vessel has sufficient tension to cause the diver-

gence of tlie gold leaves of the electroscope, but the development is

not continuous ; hence the condenser is of no use.

The non-appearance of electricity when pure water is employed is

easily explained ; for, with the solution of salt, the violent boiling

commences when the sides of the vessel have a far higher tempera-

ture than they have when pure water begins to boil. AVhen the par-

ticles of pure water are thrown off they touch the sides of the vessel,

already cool enough to be moistened by them ; but when the solution

of salt is used, the sides are so hot that the drops roll off.

In a platinum crucible, properly connected with an electroscope,

lleich raised quartz sand, bit of porcelain, rusted iron filings, &c,, to a

red heat, removed the lamp, and sprinkled these substances with pure
water, tinder such circumstances a very perceptible evolution of elec-

tricity took place, while when the crucible was empty not a trace was
found

.
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Tiiess, in a short paper, (Pogg. Ann., LXIX, 286,) says that the

memoir of Reich recalled similar experiments made hy himself as early

as 1844, among which he cites the following as particularly striking

and instructive

:

A platinum spoon, with a round mouth, holding 0.24 grammes of

water, was insulated and connected by a wire with Belirens and
Fechner's electroscope. The spoon was raised to a white heat hy a

spirit lamp placed beneath, the lamp rapidly removed, and a quan-
tity of solution of salt, nearly sufficient to fill the spoon, was then

introduced by a pipette. The liquid passed into the spheroidal state,

rotated, and, when the cooling had reached a certain point, was
thrown out of the spoon with violent ebullition. During the whole

course of this experiment no electricity showed itself.

A strip of platinum foil was rolled into a cylinder seventeen lines

long and five in diameter, and placed over the cavity of the spoon :

the previous experiment was then repeated. On the violent boiling

of the fluid so much —E. was jjroduced that the gold leaf struck the

opposite j)ole.

This experiment, which can always be repeated with the same
result if the surface of the i^latinum be previously freed from the salt

deposited, teaches us that in Pouillet's experiment the source of the

electrical excitement is not in the chemical separation brought about

by the evaporation, but in the friction of the finely divided particles

of fluid upon the sides of the vessel, provided that the fluid rolls over

the sides without wetting them.

By slow evaporation Iliess could never obtain a trace of electricity,

neither could Reich develope any by evaporation under the boiling

point.

All of the experiments which Reich made to discover a possible

development of electricity by the condensation of steam gave uni-

formly negative results.

Riess also repeated Fouillet's experiments on the development of

electricity by the process of vegetation. An insulated porcelain vessel

was filled with loam, and cresses sowed in it. The earth, always kept

moist, was connected by a brass wire with the collecting plate of a

six-inch condenser. The condensing plate, when raised, was tested

by a pile electroscope. From March until April, 1844^ Riess caused

cresses to germinate eleven times, examining the condenser daily

until they had reached the height of two inches. Traces of electricity

were often found, but not of a constant kind. Some check experi-

ments, with earth alone, made it probable that even these traces did

not arise from the vegetation.

From all of these experiments, it follows that the opinion, that in

evaporation and in the p)roccss of vegetation are to hefound the sources

of atmospheric electricity, is altogether without experimental foundation.

§ 11. The electrical machine.—The electrical machine belongs to

the most common and best known of physical apparatus, and yet

powerful machines can rarely be obtained at a moderate price. On
this account, I think it will be interesting to many to learn the mode
of construction according to which Caii Winter (electrician, &c., Wie-
den, Waaggase No. 501, Vienna) makes machines of excellent per-

formance and at a very reasonable price.
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Fif. 5 represents a macliine, about one-ninth its actual size, witli a

15-incli plate, giving sparks seven to nine inches in length. The

axis i of the plate, as well as the supports h gf and I, are of glass.

The rods h carry the axis of the plate, / bears the rubber, g the con-

ductor, and I the discharger.
Fiir. 5.

The prime conductor a, the spheres b and c, are all of sheet brass.

To diminish, as far as possible, the loss of electricity by the support

g, the conductor a has the form advantageously used in the great

Harlem machine by Van Marum, as shown in section in fig. 6.

The conductor carries two wooden rings d, between which the plate

revolves. These rings are of polished wood, and are provided, on the

sides opposite the glass plate, with strips of tin foil^ from which the

collecting points project. These strips are continued to the conductor

a, to which they carry the collected electricity.

From the bulb h projects a wooden rod about one inch in diameter,

and rather more than a foot long ; to this is attached a wooden ring

about two feet in diameter, whose section is equal to that of the rod.

Both the rod and the ring are covered with tin foil.

The discharger N is connected with the conductor of the rubber by
a metallic cord m, enveloped in silk ribbon.

To obtain negative electricity, we have only to detach the cord m
from the conductor of the rubber, and put the conductor a in con-
nexion with the ground.

. The arrangement for holding the rubber is shown detached in

fig. Y. Upon the glass rod / stands the fork-shaped piece of wood
24 s
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n, on the inner sides of which there are mortises for the reception of

the rubber ; along the middle of the face of w there runs a strip of tin

foil which receives the electricity from the spring of the rubber, and
leads it to the negative conductor o.

The rubber itself is shown in fig. 8, the oiled silk attached to it

being omitted. ^ is a wooden slide which goes into the mortise of the

support n. q is a projection which prevents the rubber from slipping

out. Upon the slide p the amalgamated leather r is fastened. When
the rubber is slid into its place, the metallic spring s, screwed by its

narrow end to p, is compressed, and thus forces the rubber against

the glass plate.

Fiff. 6.

Fiff. 8.

In the middle of the projection q, a strip of tin foil is seen ; this

leads from the amalgamated side of the leather to the spring s, from
which the electricity is conveyed to the conductors o in the_ manner
above described.
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Fig. 9 represents the rubber as seen from the

amalgamated side «'f the leather, with its two

flaps "of oiled silk, t being single and u double.

With remarkable power. Winter's machines

combine, as we have just seen, great simplicity

of construction.

The following are the prices of Winter's machines, with the dis-

charger :

Size of plate.
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Fiff- 10.

from personal observation, and his catalogues give no information

upon this point.

§ 12. Improvement in the gold leaf electroscope.—Andriessen has
introduced a contrivance into the gold leaf electroscope, by means of

which its sensitiveness, and at the sametime its usefulness, is greatly

increased.—(Pogg. Ann., LXII, 493.)

The glass vessel in which the gold leaves hang, is pierced at about

the height of their point of suspension, and
through this hole a polishedbrass wire, ah i d e,

of ^ to f lines diameter is introduced, fastened

where properly insulated, and bent as shown
in fig. 10. The plane, which the wire forms,

must coincide with the plane of motion of

the suspended leaves, so that when they diverge

one may move toward h i, and the other toward

e d.

The horizontal distance oi h i from d e

should be 1|^ inch ; the length of the gold

leaves 2 inches ; their breadth as narrowas

possible, about 1 line ; the distance of their

lower end from the horizontal wire^ d i, ^ an

.inch.

If electricity be communicated to the wire—for instance, the nega-

tive electricity of a smooth piece of cork rubbed on a cloth—the leaves

diverge, because the wire acts inductively and attracts the -|- E in the

leaves, while the repelled — E is driven back to the knob x. The

divergence of the leaves increases somewhat when the knob x is

touched by a conductor.

The apparatus is now prepared to indicate the slightest amount of

electricity ; if a very small quantity be communicated to the knob x,

the leaves either diverge further or collapse, according to the nature

of the imparted electricity ; they will collapse if— E be communi-

cated to the knob, ^nd diverge if + E is applied.

The apparatus is sufficiently sensitive to serve for the fundamental

experiment of Volta without a condenser.

If a plate of zinc be substituted for the knob, its upper surface

having been freshly rubbed with powdered pumice-stone, and a simi-

larly })repared copper plate be placed on the zinc, when the copper

plate is removed^ the gold leaves will diverge.

If, on the contrary, the copper plate be screwed on in the place of

the knob x, the suspended leaves will collapse on the removal of the

zinc plate.

Andriessen observed that, by using a bell-glass electroscope of

ordinary dimensions with the induction wire, the experiment never

succeeded so well as when he used narrow bottles ; heuce^ for his ex-

periments, he employed ordinary bottles with ground stoppers 2 to 2i

inches wide, and about 4 inches high. He could give no explanation

of this fact.

It was of great importance for the success of the experiment that

the air inside the bottle should be perfectly dry ;
to accomplish this,

Andriessen made a second hole in a suitable part of the bottle, into

which he fitted a glass tube (/) filled with chloride of calcium. But
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if the openings were well secured with cement, it sufficed merely to

lay a piece of the cliloride of calcium in tlie vessel.

The comhination of this apparatus with the condensor gave rise to

peculiar difficulties ; if a collector he screwed to the top instead of the

knoh X, and the condensor plate placed on this, the electricity of the

gold leaves Avill be drawn mainly into the collector plate when the

condensing plate is touched, so that the leaves will diverge as soon as

the condensor is raised, even if not the least electricity has been im-

parted to the collector.

This circumstance renders the use of the condensor, in the ordinary

manner, altogether uncertain. Andriessen remedied this defect in

the following way :

He placed the condensor, not upon the electroscope, but beside it.

A glass tube fastened to a board and coated inside and outside with

shellac, carried the collector as shown in figure 11.

When the electricity is condensed on the collector, the condensor is

raised, and the collector

with its free electricity is

brought into connexion
with the electroscope by
means of the wire x q.

This wire is of soft cop-

per, and is wound around
the stem of the knob x,

which sustains the gold

leaves ; w is a stick of

shellac fastened to the

wire, serving as a handle

to bring the end q of the

wire into contact with the

collector.

§ 13. Impkovemexts in Coulomb's torsion balance.—Since the time

of Coulomb, the electric torsion balance has been used by very few

and with but little effect; complaints were made of the uncertainty of

the instrument, and of its difficult management ; the opinion spread

abroad that exceedingly great^skill was required in the experiments

to produce reliable results with it.

Riess opposed this prejudice (Pogg. Ann. LXXI, 359 ;) he experi-

mented much with this balance, and proved that, if the necessary care

has been taken in the construction of the instrument, the result will

not only be certain, but excessive skill in its use will not be required.

The instrument which Riess describes in the above mentioned com-

munication has the dimensions of the smallest balance which Coulomb

used in his measurements. The lower glass cylinder is one foot in

diameter and one foot high; the tube in which the metallic thread

hangs is fifteen inches long. The torsion balance of Riess is con-

structed on the same principle as that of Coulomb, but a few arrange-

ments are introduced which render a greater accuracy of observation

possible ; thus the position of the moveable arm or beam is observed

with a microscope. To make the most minute changes in the torsion

of the metallic wire, a micrometer screw is placed at the head of the

apparatus, and is turned by means of a dependent handle with a
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Hook's universal joint, while the position of the moveable beam is

observed at the same time by the microscope. In this manner the
most accurate readings are possible. It would have been of advan-
tage to those about to construct such an instrument, if the author
had given, with his other drawings, a section through the upper part
of the apparatus.

If the greatest possible care has been taken in the construction of
all the separate parts, and, above all, when the moveable beam, as
well as the handles of the proof planes, or knobs introduced into the
apparatus, are insulated as perfectly as possible, very great accuracy
in measuring may be expected. The torsion balance, however, is a
contrivance which is not altogether adapted to lecture experiments,
its principle is sufficiently well known, and the detailed description
of the instrument interests only the few who are practically engaged
in measuring the density of electricity. For this reason, I do not con-
sider it necessary to dwell further upon the subject here.

With reference, however, to the method of observation and compu-
tation of the results, something may be given from Riess's memoir.
To determine the ratio of two electrical densities at a and h, exist-

ing at the same time upon two parts of one conductor, or upon two
conductors. Coulomb made a whole series of measurements (generally
five) alternately for each place, and as nearly as possible, in equal in-

tervals of time. In this manner he obtained, for the first place, three
densities, (measured by the angle of torsion at equal elongations of
the balance beam,) a, a', a" ; and two values for the density in the
other place, h and l' . The measurement of 6 was made between those
of a and a' ; and that of a' , between those of h and h' ; thus the mean
of a and a! could be considered as nearly simultaneous with b ; the
mean of b and b' with a' , &c. The required ratio ot the two densities
is expressed by

i (g -
f- a'), or a' or (| a' + a!').

6 iWTVh h'

The mean of these three values is then taken as the true ratio, x of
the two densities. This method requires great skill ; for it is not
always easy to make the alternate measurements of density at equal
intervals, besides exact results cannot be obtained if the two places
examined are on two different bodies, one ot which loses its electricity

more rai)idly than the other, for then the ratio of the two densities
changes at every succeeding moment ; hence the three quotients are
no longer three values of the same quantity, differing only in conse-
quence of unavoidable errors of observation, but three essentially
difi'erent quantities, and the mean from the values of the three quo-
tients

,_
consequently, does not give the true ratio of the two electrical

densities at any one moment.
Indeed, this method is not at all applicable where the same density

cannot be determined twice as when the existence of the density b de-
pends upon an alteration of the density a, a return to which is there-
fore impossible.

liiess employed the following method of observing with success,
with two perfectly equal proof balls, having equally well insulated
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handles, the two electrified places are touched simultaneously, or so rap-

idly one after the other that the contact may he considered as simul-

taneous. One of the proof halls is then placed in a large hell glass,

the other applied to the torsion balance. After measuring the torsion

for the first proof hall, it is removed and the second, (kept meanwhile

in the bell glass,) is applied to the balance, and the corresponding

torsion, (with equal elongation,) is measured. The times at which

the two readings are made, are ol)served by means of a watch marking

seconds. The torsion is now diminished a few degrees, hence the

elongation is somewhat increased, and the length of time the balance

beam occupies in returning to its former position is then noted.

An example may serve better to explain this metliod of observing.

Suppose the two proof balls I and II have been applied to the places

whose electrical densities are to be compared.

I being brought to the torsion balance requires a torsion of 55°. 5,

to bring' the beam into a certain position, that is, deflected a certain

number of degrees.

II is now applied. To bring the beam into exactly the same posi-

tion as before, the thread must receive a torsion of 293°. 5.

Between the first and second reading a period of 3.1 minutes has

elapsed.

Now suppose the torsion is reduced 20° or to 273°. 5, and, counting

from the second reading, 3.2 minutes elapse until the beam returns

to its former position.

We will now proceed to the computation of these data. In 3.2

minutes proof ball No. II has lost a quantity of electricity which is

measured by a torsion of 20° ; if the loss of electricity is proportional

to the time', the loss of No. II between the first and second reading

amounts to

—

3.1— X 20 = 19°. 4;
3.2

but the loss of electricity is proportional not only to the time, but also

to the density, which is not equal in the two periods.^ We may sup-

pose, without sensible error, that the electrical density of proof ball

II, in the first period, is to the density in the second period as 293.5

is to 273.5; hence the loss of ball 11 in the first period, (that is,

between the first and second observations.) would be

—

293.5

19.4 X =20°. 8.

273.5

At the instant in which the electrical charge of ball I was measured

in the balance, the charge of ball [I was

293.5 + 20.8= 314°. 3,

Hence, the required proportion between the two quantities of electri-

city is

If we indicate by a the torsion first measured, by I the second, by c
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the number of degrees the torsion was diminished after the second
measurement ; also by t and t' the two intervals of time, then the den-
sity of the electricity on ball II, at the moment the torsion a was mea-
sured, is equal to

. Suppose, for example

—

Z*=369° i' = 2'.5

c=20°;

then, at the instant in which the density a was measured, the electri-

cal density on the other proof ball was

369 H- 20 X 1^ X^= 369 -f- 31°.3= 400.3;

and the required ratio of the two densities

67

400 ,,= 0.167.

Biess computed the results by this method of observing "with pairs

of proof bodies," not according to formula (1), which is only an ap-
proximation, but according to another approximate formula, the deri-

vation of which, however, cannot be termed elementary. The results,

however, of the computation, according to formula (1), correspond
so closely with those obtained by Reiss, that there need be no hesita-

tion in using it.

The results of the first of the above two examples corresponded per-
fectly when computed according to both formulas ; in the second
example, the value found, according to Biess, was 400°. 8, while we
have made it 400°. 3, a difference which has hardly any effect upon
the required quotient.

§ 14. Electroscopes to which the principle of the torsion balance
IS applied. In the 53d volume of Poggendorf s Annalen is a descrip-

tion of two electrometers, or rather electroscopes, which may be con-

sidered as small torsion balances ; the first by Belbnan, (page 606,)
the second by Oersted, (page 612.)

Fig. 12. Delhnan's instrument is represented in fig. 12. The
mouth of a white preserve jar, 8 or 10 inches high^ is

closed with a piece of cork, B. Through this cork is

passed a tolerably stout wire, C, with a hook at its lower
end, in which is hung a thread of untwisted silk. The
thread carries a small rod of shellac, D, with a little

ball of elder pith, a, fastened at one end. (Pressure

with clean fingers readily removes all angles from the

pith.)

The glass is pierced at a, and a pin, ^ y^ is fastened in the hole by
shellac, with the head, j, outside; on the inside a pith ball, /?, is stuck

uj^on the pin, the point of whick must not go through the ball. The
wire, C, is drawn up until a and /? are on a level ; the wire is then
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turned upon its axis once or twice, so that the hall a, hy means of the

elasticity of tlie thread, is hrought against the ball /9.

Ih'llman subsequently changed the construction of his instrument,

and tluis made it much more sensitive. Fig. 13 represents Dellman's

electroscope in its new form, (Pog. Ann. LVIII, Fig. 13.

49.) The moveable beam cj consists of a light ^ —
metallic wire, which is bent in tlie middle so that—T-iL—
one-lialf of the balance beam can be placed on the

right, and tlie other on the left side of the me-

tallic strip /. This strip /extends through the

middle of the apparatus, and is fastened on one

side to the conducting wire h, on the other to the

wire e.

If electricity be communicated to the conduct-

ing wire (on which a plate, such as that of a

condenser, can be screwed) it will, in part, pass to the balance beam,

(pressed by the torsion of the fibre against the metal strip /,) which
is, consequently, deflected.

One vertical arm of the wire, h, whose horizontal part makes an
angle of about 90° with the direction of the strip /, is on the right,

and the other vertical arm on the left side of the beam. Dellman
terms this wire, to which electricity can be communicated from above,

and whose function is the same as the wire in the electrometer of

Andriessen, the "cross wire." When electricity is communicated to

the cross wire, the beam g at once turns and stands in a new position

of equilibrium. It moves to one or the other side according to the

kind of electricity communicated to the wire h. It is evident that the

apparatus in this form must be exceedingly sensitive; but it is very

troublesome, as the beam suspended by the silk fibre commences vi-

brating with the least disturbance.

The paper alluded to in Poggendorf's Annalen, in wliich Dellman
speaks of the new form of his electroscope, is somewhat obscurely

written. A particular description of the apparatus or of its applica-

tion is not to be found. The proper dimensions for the strip and the

best position for the cross-wire are spoken of without any allusion

having been previously made to the cross-wire and strip. Evidently,

Bellman takes for granted much that is not familiar to most of his

readers.

The arrangement of the strip / is evidently somewhat awkward.
liomerhausen has very advantageously altered it. The balance beam,
which is of common flat gold wire, is straight, while the metallic strip

/"lias a bend in the middle, as represented in figure 14.

The metal strip is fastened at its middle
to the conducting wire. In this instrument
the torsion of the silk fibre is opposed to the

repulsion of the beam, while in Oersted's elec-

trometer the magnetism of a small iron wire
tends to keep the beam in a given position.

Fis. 14.
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The most important parts of Oersted's instrument are sliown (one-
half the natural size) in figure 15. In theFi?

cover of a glass vessel is a glass tube d d, in
which a metal tube, insulated with shellac, is

fastened and divided below into two bent arms,
c c. In the middle of this tube hangs the silk
fibre which carries the beam a a, made of a
fine brass wire

; ft & is a stirrup of very fine

iron wire, very slightly magnetized, by means
of which the beam is pressed against the brass
arms c c, so that one end of a a touches the left

side of c c and the other end the right side.

When electricity is communicated from above
it is conducted from the arms c c to the balance
beam a a, causing it to turn. If the magnetic
directive power is very feeble the electrometer

will possess greatsensibility. To discover weak electrical effects, enough
electricity is previously communicated to the instrument to cause the
beam to diverge a few degrees. A substance, possessing the same kind
of electricity, then produces a considerable increase of the deviation
when brought near. The electricity, which insulated zinc and copper
plates show, upon contact and separation, is thus rendered very per-

ceptible, without the aid of a condenser. DeUman's instrument also

shows this fundamental experiment of VoUa without a condenser.
Oersted adapted to his instrument a contrivance for measuring

the angle of deflection, and a microscope to observe the position of the
beam more accurately, &c. I have omitted these as not necessary
in explaining the principle of the instrument. Oersted himself used
the instrument only as an electroscope.

Koldrausch has converted DeUman's electroscope into an electro-

meter.— (Pogg. Ann, LXXII, 353.) He introduced under the beam a
divided circle for reading the angle of deflection, and a second, at the
top of the instrument, for determining the torsion. Instead of cocoon
fibre he used a fine glass thread, because its force of torsion is more
reliable.

DeUman's instrument has this great advantage, that it may be
constructed with but a few and common materials, so that any one
having but little dexterity can make such an instrument for himself.

This advantage of DeUman's apparatus Kohlrausch has surrendered
altogether, for his instrument can be made only by a skilful me-
chanic. However, if the a})paratus in this form has advantages which
it had not in its simpler form, no objection can be made. According
to Kohlrausch's memoir, his electrometer serves for accurate measure-
ment in cases for which the torsion balance of Cquloiyib is not suffi-

ciently sensative. I cannot give a decide! oi)inion as to the value of

Kohlrauscli' s electrometer in this respect, for I have not ex]-)erimented

with it. I do not know wliether the same amount of trouble is found
in its use that must be required in its construction. The instrument
seems to me to be rather comi)licated ; but whether this view is well
founded I must leave to the judgment of those who have made prac-

tical use of it. Tlie results which Kohlrausch presented in his memoir
are much in favoi of his instrument.
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In all electrostatic measurements it is quite certain that the most

important source of error is to he found in the gradual loss of the

electrical charge by the inductive action which the charged body has

on those near it, &c. The uncertainty which springs from this

source is certainly far greater than the errors of observation which

arise from adjusting and reading. From this point of view it seems

superfluous to apply to electrometers ol" all kinds a great array of

graduation, microscopes, &c.

In the memoir already mentioned KoMrausch suggests the very ex-

cellent idea of employing the electroscopic power of the voltaic jiile as a

convenient measure for frictional electricity, or for comparing different

electrometers.

A pile of a given number of elements, consisting of strips of zinc

and copper soldered together, immersed in small glass vessels contain-

ing distilled water, will have, if one pole be put into perfect connexion

with the ground, a constant tension upon the other pole, and, conse-

quently, will answer very well for comparing different electrometers.

In a long immersion (lasting over a week) the intensity will certainly

diminish, because the zinc becomes covered with oxyde, but the orig-

inal intensity may be restored by cleaning the metal with a file.

KoMrausch obtained from the pole of such a pile the constant indi-

cation of 52° to 53° of his instrument during a whole week. After

the lapse of four weeks the indication had fallen to 46°, but it re-

turned to the original quantity as soon as the metal was cleaned by
filing.

§ 15. Petrina's electroscope.—Petrina has constructed an electro-

scope in which he has substituted an electrophorous for the dry pile.

(New theory of the electrophorous, and a new resin-cake electroscope,

by Dr. Franz Petrina, from the Abhandlungen der Konigl. Bohmis-
chen GeseDschaft der Wissenschaften, Y. Folge, Bd. 4, Prag. 1846.)

The gold leaves are suspended between two metallic plates, one of

which is in connexion with the cover, the other with the insulated

dish of a small rosin-cake electrophorous. By a special contrivance

the mould, together with the cake, can be depressed, whereby one of

the plates (that connected with the cover) receives a positive and the

other a negative charge, so that the two plates here play the same
part as the pole plates of the dry pile in Bohnenberger's electrometer.

It is, in fact, a very ingenious application of the electrophorous, and
if we did not possess the pile electrometer, we should welcome the

resin-cake electrophorous as an important addition to electrical appa-

ratus ; but whether this instrument, as compared with the pile elec-

trometer, will receive any practical consideration, I am very doubt-

ful. Petrina, indeed, thinks that it is easier to construct, because it is

easier to make a good cake of resin than a good Zaniboni \n\e
;
but

the contrivance for raising and lowering the plate with the resin cake

may quite make up for this difference?. The only real advantage of

Petrina's apparatus is, perhaps, this : that it can never become use-

less from loss of power, because the resin, when it becomes weak, can

always be rendered electrical again.

With reference to the rest of the contents of Petrina's memoir, it

should be discussed in another place ; but I will not return to it again
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"because it does not present any new facts, but only opinions^ tlie cor-

rectness of which is still very problematical.

Fijr. 16. Pi/> /-I

§16. Observation of atmospheric elec-

tricity.—Romtrshausen has constructed

an apparatus lor observing atmospheric
electricity, the arrangement of which
is exhibited in fig. 16. (Pogg. Ann.
LXIX, 71.)

Fig. 16 represents the application of

the collecting apparatus to any dwelling,

and to any story of it.

H is the house, over the roof D of

which the collector can extend wathout

doing any injury. F is the window of

the observer's chamber; mn represents

the collecting rod in its general con-

struction. It rests above the window
in a strong iron socket m, and, by means
of a hoolr ?, is easily and firmly secured

in a slot k in the roof. It extends ob-

liquely from the house into the air, and
its details are arranged as follows :

The rod of varnished pine wood, 10

or 12 feet long, is provided at i with a

brass band, in which the solid glass

rod h, \\ feet long, and coated with

shellac, is cemented. This supports,

at its upper end, the collecting appa-

ratus g n.

For greater clearness, this part is shown in section

and on a larger scale in fig. 17. a e is a flat copper

ring, five inches in diameter, on the inside of which
are soldered collecting wires cl d of copper, gilded

and brought to a fine j)oint ; these are inclined out-

ward slightly, so as to appear like a crown. A cop-

per support, passing across the ring, and curved

somewhat downwards, bears on its underside the

socket g for fastening on the glass rod A, and on the

upper part a higher wire point is soldered. This
point is the most important part of the whole con-

trivance, since it alone, according to exact experi-

ment, renders sensible the slightest shades of atmos-
pheric electricity.
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The copper wire, finely pointed and gilded at its upper

end, is about one Paris line in diameter, and is surrounded

with very fine platinum points, which are most easily

made in the following way : The wire is covered with tin

solder as far as the platinum points extend ;
then, as

shown in fig. 18, it is wound with the finest platinum

wire, which is fused in a spirit lamp where it touches the

^ )pper point; the loops are then cut, and arranged as

exhibited in fig. 17.

The conducting wire d e, fig. 19, [which is a repetition of fig. 17,] of

copper, is soldered to the ring at e. At d it has a small tin plate which
turns off the rain. A similar plate is placed on the rod at o for the

same purpose. On the lower end of the conducting wire e d at c, a

small copper socket is soldered and arranged so as to receive the con-

ducting wire coming from the chamber. The window frame is bored

in the corner, for the purpose of fastening the conductor in a glass

tube well coated with shellac, and bringing it into the chamber per-

fectly insulated. At b the wire is bent downwards, and connected

with the electrometer E placed at the side of the window, and beyond
the immediate influence of the sun's rays.

liomershansen uses two electrometers, standing in the same case,

namely : a pile electrometer, and one constructed on the plan of Bell-

man, which has been already described.
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SECTION SECOND.

INDUCTION OF ELECTRICITY.

[This title is translated by words having a very different sense in English from those used
in the German. The original is " Verlhdlung und Bindung der Electricitat "—literally, Dis-

tribution and Binding of Electricity. The verb vertheilen, which we translate by "induce," ia

80 strictly parallel in all its derivatives with the corresponding English word that, although
the original meanings are not the same, we need make no further remark upon this point.

But, although we may translate" bound" into "disguised," we cannot with equal propriety
speak of an electrified conductor as "disguising" electricity in a body brought near to it; the
German would say "binding." In some English translations of German works on electricity,

the words "combine," "combined," and "combination," are used; these are not only incor-

rect, but lead to an idea diametrically opposed to the true one. In general for " bind" we
have used simply "induce," sometimes the more precise periphrasis "render latent." In
general "latent" and "disguised" are used synonymously.
A good English word nearly identical in meaning with the German one, and capable of being

used in all the corresponding modifications, would be "engage"—thus we might speak of a
conductor "engaging" electricity, of "engaged" electricity, and on the contrary of " disen-

gaged" or free electricity.

But as there is no authority for the use of this term we have not ventured to introduce it.

These remarks are rendered necessary by the fact that in many places the force of the
original is lost in the circumlocution required in the English.

The introduction to § 26, and the first foot note after it, should be read with reference to

these difl[iculties in the translation.

In strictness the term "latent electricity" is improper as implying an analogy with latent

heat. Even "disguised electricity" is not really correct, as it is one of the main objects of
this section, to show that electricity in this condition loses none of its properties. But we
may here refer to the remark of our author, that terms in themselves not strictly accurate,

may be safely used after correct ideas have beeu connected with them.]

§ 17. Introduction.—The mode in which Blot has exhihited the in-

duction of electricity on an insulated body, to which an electrified

body is approached, should be sufficient to remove every doubt as to

the nature of induction
;
yet a controversy on this subject has arisen,

from the objection of Pfoff.
An account of this controversy is given in the second volume of

Dove's Repertorium, page 29.
Fig. 20.

Let a body m, (fig. 20,) charged

with positive electricity, be brought

near an insulated conductor c, then

will c, as it is well known, be elec-

trified by induction ; at the end near-

est m, is to be found the attracted

— E, and at the opposite end the re-

pelled -f- E, as shown by the proof plane.

If the insulated conductor be touched, the repelled electricity will

be conducted off, while the electricity attracted by ni remains disguised

or latent at c.

Pfoff contended that this disguised electricity could not act in all

directions, while Biot showed its free activity by suspending at the two
ends of the conductor electrical pendulums, which diverged ;

those at
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one end, by the attracted electricity, and those at the otlier end, by the

repelled, if the conductor was touched tlie distant pair of sus[)ended

balls ollapsed, while the diverjijence of" those nearest m, increased.

Although tliis experiment, if proper piecaution be taken, such as

not charging m too strongly, does not easily fail, yet it has not suc-

ceeded ibr many observers, and to this may be attributed the whole
controversy on the nature of disguised electricity. The doubt about
the experiment arises, as liiess has properly remarked, from the fact

that the electricity of the inducing body acts at right angles to the

electroscopic pendulums, which it causes to deviate from their perpen-
dicular position.

liicss has remedied this defect by the following arrangement. A
metallic rod about 5 inches long and 3 lines thick, with rounded ends,

is fastened by the middle to an insulating handle, as shown in fig. 22^
and by means of this handle is held in a vertical po-

sition. It is provided at both ends with a pith ball ^'?" ^^•

suspended by a linen thread.

MIf an electrified body be brought near the lower end
both balls will be repelled. Suppose the approaching
body is ])ositively electrified, then the upper pendu-
lum is deflected with -|- E, the under one with—E , /
as may be tested by presenting a rubbed glass or wv
stick of sealing wax.

If the metallic rod be now touched, the upper pendulum falls, while
the divergence of the under one is increased.

At the lower end of the rod, and in the ball there, only disguised
— E is now femnd ; the electricity of this end, though it is disguised,

repels the like-named electricity of the ball ; hence disguised elec-

tricity acts as freely at a distance as though it were not disguised.

The divergence of the lower pendulum proves, that the particles of

disguised electricity repel each other precisely in the same manner as
though they were not disguised, consequently its propagating power
is similar to that of free electricity ; and if (iisguised electricity can-
not be carried off to the ground by conductors, the cause is not that
it has not propagating power, but that it is restrained by the attrac-

tion of the opposite electricity of the inducing and restraming body.
To deny to disguised electricity its ordinary properties, is like assert-

ing, that because a stone lies upon the ground it has lost its gravity.

The experiment of Eie.ss has proved, beyond all contradiction, that
latent electricity acts at a distance as perfectly as ^'g- ^3.

though it were not latent. If an electrified body (a, *
^

Fig. 23) has rendered latent the opposite electricity fa^ (^6^\
on a conductor connected with the earth, any point K.^^ ^v^-^
(c) in the vicinity is acted on by the electricity of a
as well as by that of b; but since a and b are charged with oppo-
site kinds of electricity, only the difference of their effect can be
observed in c.

After this contested question might have been considered as settled

by the experiment of liiess, Knochenhauer brought forward new ob-
jecfions. (Fogg. Ann., XLVII, 444.)
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Fig. 24.

He excited a cake of resin, and having
stretched over it a sheet of tin foil at a given
distance, removed from the latter, by a touch
of the finger, its free negative electricity. Pre-

L- . J senting to this apparatus, represented by a dia-

gram in Fig. 24, two pith balls suspended on
linen threads^ they do not diverge in the

^ilil !! !!I I
Hil!:i|

i iillillllil ! il^iM^ If«|^
*^^e

^^j^f
0^ which may be the distance

^^''-^—
01 the pendulum from the sheet oi tm foil

charged with latent -{- E.
KnocJienliauer concluded, from this experiment, that when two

opposite electricities render each other latent, they lose all action at

a distance^ and stand only in relation to each other ; for it could not

be supposed that, in case the opposite latent electricities acted at a
distance, thesy effects would perfectly neutralize each other at all

points above the tin foil.

Fechner has completely refuted this objection of Knochenhauer (Pog.

An., LI, 321.) He has shown that, by the aid of the suspended pith

balls, no electrical action can be obtained above the induced plate,

because they are not sufficiently sensitive to weak charges. If a proof

plane be substituted for the balls, and touched for an instant with the

finger, it shows, when tested by the pile electrometer, that it is really

electrified and similarly with 6 6; a proof that the efiect which a a
has upon c exceeds the effect which the latent electricity in & 6 has
upon c.

Fechner has repeated this experiment, not only in the above de-

scribed manner, but varied in a great many ways, and always with
the same result. It will not be necessary to describe all these differ-

ent forms of experiment, since^ in speaking of the researches of Fara-
day on electrical induction, we shall have to return to some points of

Fechner s investigation.

At the conclusion of the report on these experiments Fechner says

:

" From the preceding experiments we are amply justified in con-
sidering the attracting and repelling effects of the inducing, and of
the so-called latent, electricity, from the same point of view, namely,
as free electricity. Electricity, in becoming latent, is invested with
no new properties. If its attraction and repulsion be no longer per-

ceptible, this is explained by the fact that they are counterbalanced
or overpowered by the opposite effects of the inducing electricity, &c."

Petrina has attempted again to cast doubt upon the correct views
of Fechner, that tension electricity acts through uninsulated con-
ductors, (Pogg, Ann., LXI, 116,) without, however, being able to

advance anything decisive. According to his view, the electricity

which i^ec/mer found in the electrical " shadow " of the upper metal
plate, was caused by the curved surface of the cylindrical space above
the upper plate becoming electrified by induction, and the inductive

action spreading thence inward.
Petrina has neither established this strange idea nor followed out

,^l
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the consequences arising from it. It remains obscure, precisely as he
conceived it.

That the electricity of a powerful electrical machine can exercise no
perceptible inductive action through a partition wall and closed door

of a chamber, should certainly not surprise us, and can be of no value

as an argument against the view held by Fechner.

In the course of the memoir alluded to above, experiments are de-

scribed which Fechner made to discover how electricity is distributed,

over an insulated and induced body. The essential results of these

experiments are as follows :

A small Leyden jar, provided with a metal ball

A (fig. 25) 3 inches in diameter, was charged with

-f- E and insulated. Tlie ball was placed opposite

an insulated brass conductor a c b. This conduc-

tor was cylindrical, 5.2 lines in diameter, with

spherical knobs 8.3 lines in diameter at the ends,

and 16 inches long, a and A were placed 2 in-

ches apart.

When the conductor was touched at a by the finger, a jn'oof-plane

constantly indicated negative electricity, to whatever part of the con-

ductor it might be applied ; even at h negative electricity was found,

the intensity, however, increasing towards a. Even from the finger or

hand touching the conductor, — E was obtained by the proof-plane.

On the removal of the hand, so that the conductor a h became again
insulated, the greater part towards h indicated positive, the less part,

towards «, negative electricity.

This result at first appears surpriiing, but it can be explained readily

by the following consideration :

When the conductor is touched at a, — E, attracted by A, is accu-

mulated upon the hand, and, of course, acts repulsively upon the— B
in a. The repulsive action of the— E of the hand, and the attractive

action of the -j- E of the ball A, upon the — E present in a, are in

equilibrio ; but if the — E upon the hand be removed, more — E can
accumulate in a, a part of the neutral E of a h is tlien decomposed^
the — E flows to a, while towards h is collected the -\- E repelled

by A.
If, on tbe contrary, the conductor be touched at &, — E is indicated

throughout its entire length, increasing from h toward a, being, how-
ever, very feeble > at h ; on the removal of the finger, the whole con-

ductor becomes negative, increasing from & to a as might have been
predicted.

The arrangement which electricity must assume upon a conductor
exposed to inductive influence, is reduced by Poisson to pure mathe-
matical determinations, which are based solely upon the known laws
of the attraction and repulsion of electricity. The practical application

of theprinciple, however, involves, in many cases, great difficulties;

for the comi)osition and decomposition of the actions are to be considered

from an infinite number of points. By general consideration, evidently

very little can be accomplished in a field where the obtaining of resulte

is too difiicult even for the calculus. In such cases it is necessary to

seek instruction from experiment.

^ 25 s
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If electricity be induced upon an insulated conductor, we find, as a
general rule^ that the electricity dissimilar to that of the inducino-
body approaches as near as possible to it, and the similar removes as
far as possible from it. This rule, however, even if we regard it only
as a general guide, leaves much that is undetermined.

i-'ifr- 26. Let an insulated disk a h (fig. 26) be exposed
fm, ^ . if to the inductive action of an electrified sphere

"^
c. How will the two electricities be distributed
on ahf Are the edges a &, or the middle of
the back d, to be regarded as the most remote
parts of the disk ? If c be positive, is positive
electricity to be expected at d f

Fechner has made a series of experiments in answer to these ques-
tions. The attracted —E is collected in the greatest quantity at the
middle of the front surface, and decreases towards the edges; the
repelled -|-B is found on the back, and its intensity, which is but
slight in the middle, at d increases towards the edges. The repelled
-\- E embraces the edge, so that it is found at the edge even on the
front face; the line of indiiference between the -|-E and —E is on the
front, and approaches the middle the closer the sphere is brought to

the disk.

Fechner has made similar experiments with rods and strips of metal.

[§ 18 is omitted because it is occupied with the refutation of the views of Knochenhauer,
which liave never been generally adopted, and which are sufliciently disproved in other
parts of this report.]

§ 19. Experimental proof that the quantity of latent electricity

IS in the inverse proportion to the square of the distance from the
inditing body. In order to set aside definitely the objections of

Knochenhauer, I have myself made a series of experiments on the law,

according to which the strength of the induction decreases when the
distance between the bodies acting on each other increases.

The method of observation was essentially the same as that em-
ployed by Knoclienhauer , except that I substituted a straw electrome-

ter, with a graduated arc, for the torsion balance. I had first to find

the proportion of the increase of charge to the increase of divergence

of the leaves of the electrometer, in order to determine subsequently
from tlie divergences the magnitude of the electrical force which pro-
duced them. This was accomplished in the following manner:
A large Leyden jar, having about two square feet of interior coat-

ing, was charged with positive electricity: the knob of the jar might
be considered as a tolerably constant source of electricity, from which
the KumG small quantity could always be taken and conveyed to the

electrometer. This transfer was made by means of a brass knob of

about three lines in diameter, insulated by a sealing wax handle of

sufiicient length. This small knob was brought into contact with the
knob of tlie Leyden jar, and thus charged with a certain quantity of

electiicity, which we will designate by 1. This quantity 1 was then
transferred to the electrometer by touching its jjlate with the charged
knob; the pendulum diverged, and the amount of the divergence was
noted.

Tlie small knob was again brought into contact with the knob of
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the jar, and the same quantity of electricity transferred to the elec-

trometer, whose divergence thus received a corresponding increase.

In this manner the charge of the electrometer was constantly increased,

and the corresponding divergence of the pendulum observed.

These charges were continued to 7, 8, or 9 ; the electrometer was

then discharged and the same process repeated.

That, during the whole period of the experiment, the strength of

the electrical charge of the jar did not diminish perceptibly, is shown

by the numbers of the following table, which contains the results of

8 experimental series:

E
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Instead of expressing the connexion between the quantity of elec-

tricity with which the electrometer is charged, and the divergence of
the pendulum, by means of a complicated formula, I hpve attempted
to render it apparent by graphic representation. In fig. 30, the ordi-

nates represent the quantities of electricity, the abscissas the diver-
gences, and the marked points are those which correspond to the mean
divergences belonging to the different quantities of electricity marked
on the sides of the figure.

These points admit of being connected by a quite regular curve, as
shown in the figure^ representing the relation between the quantity
of electricity and the divergence, the points corresj)onding to 6 and 7
only lying a little outside of the curve.

The readings, from which these results were taken, were indeed
exact only to a half degree; a greater nicety in reading the single
observations is not necessary, since the results (from various causes)
are uncertain beyond one half degree, and the separate readings for

the same quantity of electricity often differed as much as two degrees.
Knochenhauer, indeed, gives single minutes in his observations,
although the uncertainty of the observation amounts to several de-
grees ; how he could read to single minutes with an instrument so
small as his, (44,) it is difficult to conceive ; if, however, the instru-

ment actually admitted of so accurate a reading, it was still unneces-
sary, because the pointing of the needle is not determinable with the
same degree of accuracy. In such cases greater accuracy should not
be affected than is actually to be obtained under the circumstances.

After the straw electrometer had been tested in the above described
manner, I proceeded to the different experiments, which were ar-

ranged in the following manner :

A hollow brass ball, two inches in diameter, was suspended by a
well insulating silk string. Directly under it stood the electrometer,
upon a plate whose support could be slipped up or down and fastened
at any desired position. The brass plate of the electrometer was 18
lines in diameter.

On the rod which bore the plate of the stand three

marks were made, at distances of 3 inches from each
other. When the lowest of these marks was at the
upper end of the hollow leg, the plate of the elec-

trometer was 3 inches from the middle point of the
ball ; and this distance amounted to G and 9 inches
when the second and third of the marks were simi-

larly placed. Three inches being taken for unity,

the electrometer plate could be shifted to the re-

spective distances, 1, 2, and 3.

When the plate of the electrometer stood at the

-'istance 3 from the ball, it was touched with the

finger, and the ball a charged by bringing a small
Leyden jar into contact with it.

As soon as the ball was charged in this manner,
the jar was quickly put aside.

The electricity on a had then rendered latent a

definite quantity of the opposite E on h, which

Fiff. 31.

«6
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came measurable by removing the finger from 6, and, at the same time,

pushing aside a with the hand.—A divergence of 6° was indicated.

The plate of the stand was then raised 3 inches higher, so that the

distance between h and the centre of a was equal to 2, or (> inches,

and the experiment repeated, in the same manner, by applying the

same jar with its charge.—A divergence of 12° Avas now indicated.

The same experiment, repeated for the distance 1, gave the diverg-

ence, 30°. 5.

The electrometer was then placed at the position 2, 3, 2, 1, 2, 3,

&c., in succession, and the same experiment made. The result of the

observations are collected in the following table :

DLstancc.
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The divergence 24.6 and 8.87 correspond to the quantities of elec-

tricity, G ana 1 G, which likewise are very nearly in the proportion of

4 to 1 ; thus again at a double distance, we have one-fourth the quan-
tity of latent electricity.

I should think that these experiments were sufficient to place beyond
doubt, the principle that, the quantity of electricity loMcli is rendered

latent on an uninsulated conductor by a neiglihoring insidated electrified

body, is in the inverseproportion of the square of the distance of fhetioo

bodies, provided that their dimension and the distance, are such that

the electrical force can be considered as concentrated in their centres

of gravity, without considerable error.

In the experiments of Knochenhauer, the distance between the in-

ducing body and that upon which the opposite electricity^ is rendered

latent, was much less than in mine ; his least distance was 3 lines,

mine was 3 inches. This fact gives rise to the supposition that in his

experiments, electricity may have gone over. To find out whether
this could really have happened, I made the distance

between the ball a and the electrometer plate, 3 lines

in the clear, and then placed the electrometer so that

the distance of the plate from the centre of the ball

was double as great as in the first position. In this

case also at a double distance, the effect was about

one-fourth, consequently, no electricity had passed

from the ball to the plate.

But the ball was quite large, and the plate, a por-

tion of an indefinitely large sphere ; the ball a, more-
over, was varnished ; circumstances far less favorable

to the passage of electricity than in the arrangement
of Knochenhauer.

I now exchanged the ball a for another not var-

nished, and only 8 lines in diameter ; the plate of

the electrometer was removed and replaced by a ball

about 4 lines in diameter. When the distance be-

tween the balls amounted to 12 lines or 18 lines be-

tween their centres ; on repeating the experiment in the above de-

scribed manner, I obtained from a charge, which of course had to be
quite weak, a divergence of 8 to 10 degrees; but when the electro-

meter was brought so near, that the distance in the clear amounted to

only 3 lines, the distance of the center being then only half as great

as in the first position, for equal charges of the small ball a, there was
not a divergence of the pendulum anything near four times as great

as before, but a divergence of only 10°.

Evidently electricity had gone over between the balls, hence the

charge of the upper ball, as well as the quantity of latent electricity

on the lower one, was considerably diminished.

There is not the least doubt, that tliis acted injuriously in the exper-

iments oi Knochenhauer, and made his results perfectly valueless.

[ § 20 is oiriitled for reasons mentioned under § 18]

§ 21. Faraday's researches on latent Electricity.—Faraday also

has made the induction of electricity a subject of research. In his
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35.

eleventh series of Experimental researches in Electricity^ (Pog, An.
XLVI, 1) lie endeavors to prove that induction is not the consequence of

electrical action at a distance, but is effected by the inducing Ijody

through the medium of the intervening material particles.

In order to prove that induction is the result of an action progress-

ing from particle to particle of the separating insulator, Faraday seeks

to prove

—

1st. That at the same distance of the inducing body and that on
which electricity is excited and rendered latent by induction, the force

of the induction is dependent upon the nature of the intervening insu-

lator ; that the induction under otherwise like conditions is not the

same through different insulators ; that therefore to each insulator

belongs a peculiar specific inductive capacity.

2d. That induction can take place in curved lines.

§ 22. Specific inductive capacity.—We will first consider the spe-

cific inductive capacity of insulators.

In fig. 35, A represents a hollow metallic

sphere, standing on a metallic support. In an
opening at the top a cylinder of shellac is fast-

ened tightly, through the middle of which a

wire passes, having at its upper end a small

metallic knob K, aud at the lower the metallic

ball B. The diameter of the sphere A is about

8.5 centimetres, (3^ inches,) that of the ball B
is 6 centimetres, (2|^ inches). The sphere A
consists of two pieces similar to the Magdeburg
hemispheres, and so arranged that the upper

half can be removed together with the shellac

cylinder and, the balls K and B.

Faraday, in his experiments, used two per-

fectly similar instruments of this kind, which he
termed an inductive apparatus.

Such an apparatus can be charged like a

Leyden jar^ by bringing K into contact with a

source of electricity, and connecting A with the

ground. Thus, B represents the inner coat-

ing, A the outer, and the stratum of air between

takes the place of the glass.

An apparatus of this kind, which I shall indicate by I, was charged

as above shown. It is evident, as in the case of the inner coating of

a Leyden jar, that there mu3# be an excess of free electricity on B and

K, the tension of which was measured by Coulomb's torsion balance.

In order to maintain the centre of the two balls of the balance at an

angular distance of 30°, a torsion of the thread of 250° was necessary.

The knob K of the apparatus I •was then touched by the knob K of

a perfectly similar apparatus II, while its exterior sphere was in con-

nexion with the earth. The charge, which had been previously com-

municated to apparatus I alone, was now divided between the two.

After this division, the force of the free electricity of the interior was

determined for each ; the first corresponded to a torsion of 124°, the

other to a torsion of 122° of the balance, in order to maintain the balls
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in both cases at the angular distance of 30°. Thus, after the division,
the fiee electricity of the inner coating was nearly equal in the two
instruments, and as might have been predicted, was half as great on
each as on I before the division.

In apparatus II, half of the air was now
replaced by another dielectrical medium,
{Faraday thus names the medium through
which electrical induction takes place). Shel-
lac was first tried. The upper half of the
apparatus II was removed, in the under part
of the sphere A, a hemispherical cup of
shellac was placed, and the upper half re-

turned again to its place, so that the inter-

vening space between the lower half of the
two spheres was filled, as shown in fig. 36.

Apparatus I, which remained unchanged
as in the first experiment, was charged again,
in the same manner as before, and the free

electricity of the inner coating, measured by
the torsion balance. Thus, the result was by
Apparatus 1 290°.

The charge was now divided between I and
II, and after the division the result was.

Apparatus I 114°,

_ Apparatus II 113°.
Here, also, the free electricity of the interior coating of the two in-
struments is very nearly equal after the division, but it is far less than
the half of the free electricity of apparatus I before the division ; hence,
it follows, that apparatus II had received more than lialf the electricity

of I, but without the free electricity on II being more than on I, and
consequently Faraday concludes that a more powerful induction takes
place through shellac. If we represent the quantity of free electricity

of the interior coating of I, before the division, by 290°, then the
whole quantity of its electricity will be n 200 ; after the division
there remained only w 114; hence there has been given to apparatus

n (290 — 114) zr n 176.

In Faraday's opinion another relation takes place between the latent
and I'ree electricity ; the free electricity is 113, the latent is w'. 113

;

we have, consequently,

n! 113 = n ],!76,

hence

n! = n II !]
=. n 1.55.

Accordingly, an inductive force 1.5§ times greater takes place through
shellac than through air ; or, as Faraday expresses it, shellac has 1.55
times greater specific inductive capacity than air.

By similar experiments Faraday found the specific inductive capa-
city of sulphur to be 2.24 times as great as that of air.

For the various gases Faraday found their inductive capacity equal
to that of air. In order to introduce the difi'erent gases into the ap-
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remained suspended

paratus tlie support was perforated and furnished witli a stop-cock ;
it

could be screwed to an air pump, a vacuum made, and any other gas

introduced.

Earifying and heating tho air produced no change in its specific in-

ductive capacity.

Faraday made further experiments for the purpose of establishing

his views on this subject.

Let A, fig. 37, be an insulated metallic plate placed between two

other metallic plates, B and C, insulated in like i -. '".

manner, B and C being each !^
inch distant from

A. With C a wire was connected which termi-

ted in the gold leaf c, and in like manner a wire

fastened to B terminated in the leaf h. The
two gold leaves hung in a glass jar two inches

apart. B and C were then connected with the

ground and a weak positive charge given to the

plate A, by means of which B and C were charged

with — E. The connection of B and C with the

earth was then cut off, so that these two plates

were again insulated—the gold leaves h and c

parallel to each other as before.

A shellac plate, f inch thick and 4 inches square, suspended by
a clean thread of white silk, after being carefully deprived of all

charge, was brought between the plates A and B. The electric rela-

tions of the three plates were at once altered, and attraction was pro-

duced between the gold leaves. On the removal of the shellac this

attraction again disappeared. The shellac having been then examined
by a sensitive CoulomFs electrometer, indicated no charge.

In this FaradaTj found a further confirmation of his views, and he
explained the result as follows : As soon as the shellac plate is intro-

duced between A and B a strong charge of negative electricity takes

place on B—it repels the positive, which is thus difi'used towards h ;

but, since A acts more powerfully on B than before, negative electri-

city on C must be set free ; thus c will contain free — E, while free

-|-E is on h ; hence the attraction of the leaves.

How Faraday has proved that this electricity is set free on h and c,

as it must be according to his theory, does not appear in his memoir.
Faraday's experiments are perfectly correct, but it appears to me

that he has erroneously interpreted these experiments and drawn a
conclusion from them in which he is not justified. The grounds for

this assertion are as follows :

If an insulated electrified body A is placed opposite a second con-

ductor B, which is in communication with the ground, a definite quan-
tity of electricity will be rendered latent on B. A part of the E on
A is then disguised by the opposite kind on B^ and a part is free. If

shellac is now placed between A and B, more electricity is disguised

on A, and there is less free than before ; this is the fact which is ex-

hibited by the experiments of Faraday with the inductive apparatus.
He further asserts, however, that a stronger induction takes place
through the shellac, but this he has not proved by experiment. To be
justified in this assertion he should have shown, that with equal charges
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on A^ more electricity will be induced on B when sliellac is placed be-
tween them, than Avhen air is the intervening insulator. The experi-
ment indicated in fig. 37 tends just as little as that with the inductive
apparatus to lead to the above explanation.
The following experiment is well adapted to bring the question to

a decision : Fio-. 3s.

Under an insulatedand electrified metallic ball a, 1 or
^

2 inches in diameter, fig. 38, place a gold leaf or straw "'"^

electrometer at such a distance that a considerable
divergence may be obtained. If the ball a be charged
with 4-E, then — E will be induced in the plate of
the electrometer 6, and the -fE will be repelled by a -

X

into the pendulum ; hence its divergence.

Now put a plate of shellac between a and h.

If Faraday's view be correct, a stronger induction
must take place through the shellac than before

;

more —E should be induced in the electrometer plate,

and thus more + E should be forced into the pendu-
lum, and its divergence should increase.

But the experiment shows that the divergence of

the pendulum decreases as soon as the shellac plate

is introduced. Hence, most decidedly, a stronger
induction does not take place through shellac than
through air.

If a greater quantity of the electricity on a is dis uised after the
introduction of the shellac than before, it is evidently caused by a
mutual action between a and the shellac plate ; but by no means
because a stronger induction takes place through the shellac.

Knochenhauer has instituted an experiment similar to this, but he
has entirely mistaken its signification.

Instead of an electrometer with two suspended leaves, he used a
pile electrometer, (Pogg. Ann. LI, 126.) A weak j^ositwe charge
was imparted to the conductor a (which, in his experiments, was a
metallic plate instead of a ball, producing the same result, however)
at the same time the plate of the electrometer was touched ;

— E was
thus induced in this plate. A plate of shellac was then placed be-
tween the electrometer plate and the electrified conductor a, when a
movement of the gold leaf took place, and Knochenhauer asserted
" that simultaneously with the introduction of the shellac plate the
leaf of the electrometer indicated free positive electricity, so that now,
on the lower disk^ more negative electricity was disguised." This
was in perfect harmony with Faraday's view ; but it is in direct op-
position to the results of the experiments with the straw electrometer
instituted by me. According to my experiments, I am obliged to

suppose that the movement of the gold leaf indicated free negative
electricity.

'It might be supposed that Knochenhauer was deceived as to the
pole of his gold leaf electrometer, so that he confounded a negative
with a positive indication.

In order to come at this definitely, I repeated Knochenhauer^s ex-
periment. The ball a was charged with -f- E, and when a shellac

plate was introduced between a and the electrometer plate, the gold
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leaf moved towards the positive jjole of the instrument; that is, to-

wards that one which it strikes when a rubbed stick of rosin is ap-

proached from above ; the gold leaf then received free— E by inserting

the shellac plate.

If Knochenhauer s view were correct, the gold leaf, on the introduc-

tion of the shellac plate, {a being positive.) should move toward the

side whicli is approached when a glass rod rubbed with silk is brought

over the electrometer. But the proximity of rubbed glass produces a

result opposite to that effected by the presence of the shellac plate.

Thus the error of Knochenhauer with reference to the nature of the

indication is proved.

Faraday's opinion that a stronger induction is effected through
shellac than through air, is hence decidedly wrong. The experiments

made with the straw electrometer, as well as with the pile electrome-

ter, directly contradict this view.

But how are all these phenomena to be explained ? I beg leave to

offer a few hints, which, perhaps, will serve to point out the way that

may lead to a definitive decision of the question.

If we introduce between the electrified ball a, fig. 38, and the straw

electrometer an uninsulated conductor, the pendulum will collapse.

According to known laws, nothing else could be expected.

If we introduce an insulated metallic disk between a and the elec-

trometer, a considerable diminution of the divergence will occur, but

the pendulum will not completely collapse. This is in consequence

of an inductive action which a exerts upon the intervening insulated

metallic i)late.

If we introduce a shellac plate between a and the electrometer, a

similar diminution of the divergence will take place, but yet not so

much as in presence of the insulated metallic plate. This seems to

indicate that the electrified body a causes an induction even in the

shellac, though not to such an extent as in a good conductor. In
fact, we know that shellac, though a very bad conductor, is not an
absolute insulator.

Knochenhauer also seems to hint at something similar in the me-
moir cited. At any rate, this matter needs further investigation

;

but so much is certain, that a more powerful induction does not take

place through solid insulation than through air, as Faraday main-

tains.

§ 23. Induction in curved lines. We proceed now to the consider-

ation of Faraday's proof of induction in curved lines.

A cylinder of shellac 0.9 of an inch in diameter, which
can be j)laced upright, and has a cavity at the top, is

electrified by friction, and a brass ball 1 inch in diam-
eter laid in the cavity or cap. If now an insulated proof

ball be brought into the positions indicated by d, c, h,

and e, touched for an instant, and then tried whether it

have any electrical charge,, and of what kind, it is found

that the carrier will receive a positive charge at d and c,

as well as at b and e.

The result of this experiment has nothing in it at all

remarkable, it might have been predicted. The ball B
is electrified positively by induction ; the — E of the shellac cyiiuder
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and the induced + E of tlie ball B act simultaneously upon the
carrier wherever it may be, the effect of the cylinder preponderates,

and hence the carrier must be charged with induced -f- E at 6 as well

as at e.

This case is perfectly analogous to that already mentioned in § 17.

Faraday explains the matter thus : The proof ball is electrified at

h as well as at e by induction ; but since it is impossible to connect by
a straight line the shellac cylinder with either h or e, the induction
must take place around B through the air, consequently there must
be induction in curved lines. To arrive at this conclusion, Faraday
must naturally suppose that no inductive action can take place

through a conductor.

That no induction can take place through metal, Faraday believes

he can prove.

Fig. 40. A metallic plate, C, fig. 40, was held above the

shellac cylinder, and touched for a moment, so
i^ that it should be charged by induction with + E.

A proof plane, or a small proof ball, was now

^ gQ held at a, close to the middle of the plate, and
^^ " J^ touched for a moment, when it gave no indica-

tion of a charge ; hence Faraday concluded, that

the electricity of the shellac cylinder cannot act

inductively through the metal plate ; but when
the proof ball was raised to about the distance of

h, it received a positive charge, which, according

to his view, showed that induction could take

place in curved lines around the plate upon point h.

Fechner has described the same experiment in a somewhat different

form, in the memoir already cited, (Pog. Ann. LI, 321.) He has

shown that the phenomena, as Faraday describes them, are necessary

consequences of the known laws of induction.

Fechner says :

'
' That the maximum of the effect is seen at some

distance from the upper plate,* is not at all surprising. For all

points of the upper plate, the influence of the negative electricity

which it contained, must be in exact equilibrium with that of the

positive electricity of the lower plate ; otherwise, more or less elec-

tricity would be decomposed in the upper plate, and accumulate more
than the case shows. By elevating the proof plane above the upper

plate, its distance from the points of the upper plate increases in

another proportion, than from those of the lower plate
;
hence the

influence of the latter begins to predominate. Yet the increase of the

action with the elevation of the proof plane cannot go beyond a cer-

tain maximum, because at a greater distance the action of each plate

separately would disappear."

These phenomena, consequently, are not a proof of induction in

curved lines ; and, in general, it may be asserted that Faraday has

not presented a tenable proof of his hypothesis, namely, that induc-

tion takes place through the contiguous particles of the intervening

insulator.

§ 24. Faraday's theory of induction.—Faraday endeavors, in the

* Fechner used (instead of a shellac C3dinder) an insulated and positively electrified me-

ta ic plate, -nbich he termed the lower plate.
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12tli and 13th series of his Experimental researches, (Pog. Ann.

XLVII, XLVIII,) to support his theory of induction by a consideration

of the different forms of electric discharge. Pie classifies the different

kinds of discharge by dividing them into conductive discharge, electro-

lytic discharge, disruptive discharge, (sparks, brushes, &c.,) and cow-

vective discharge.

•In considering the conductive discharge, Faraday endeavors to prove

that the difference between insulators and conductors is only quantita-

tive—a truth which no one, to my knowledge, has disputed.^

The electrolytic discharge, says Faraday, is preceded by an inductive

action through the electrolyte ; the inductive state being, in fact, a

necessary preliminary to discharge, decomposition is preceded by the

state of polarization or tension of tte particles of the fluid to be de-

composed. To this also nothing is to be objected.

For the disruptive discharge, Faraday, in like manner, endeavors

to prove that the particles of the dielectric through which the discharge

takes place, whether in the form of a spark or brush, are also in a state

of tension or polarization.

Though we cannot get a clear conception of such a state of tension

or polarization of the particles of air which precedes the spark or brush

discharge, yet the existence of such a state is not in the least doubtful,

neither is its admission at all opposed to the heretofore acknowledged

electrical theories. But Faraday goes further : he regards this polar-

ized state as a proof that the electric inductive effect which takes place

through the air, or the dielectric substituted for it, is produced by

means of their polarized state. For the correctness of this view Fara-

day has yet to furnish the proof.

With the design of establishing his theory of induction, Faraday
made many experiments on sparks and brushes, which, though they

are not very important to the present subject, yet are interesting, and,

as valuable facts, will be described in another place.

Since conduction and insulation have only a quantitative difference,

Faraday thinks that even in the better conducting fluids a convective

discharge might take place, if only a sufficient quantity of electricity

were present. The following experiment would seem to support this

opinion

:

Two platinum wires, forming the poles of a powerful voltaic bat-

tery, were fused hermetically, near to each other and side by side, in

a strong glass tube containing distilled water, having a few filaments

in it. When the bubbles at the electrodes, in consequence of the in-

creased pressure caused by the continuous development of gas, had
become so small that they produced only a weak ascending current,

• it could be noticed that the filaments were attracted and repelled be-

tween the two wires, as though between two oppositely charged sur-

faces in air or oil of turpentine. They moved so rapidly that they

displaced and disturbed the bubbles and the currents formed by them.

Faraday supposed it could hardly be doubted that, under similar cir-

cumstances, with a large quantity of electricity, of sufficient tension,

convective currents might be formed. The attractions and repulsions

of the filaments were in fact the elements of such currents; hence_,

water, although it is almost an infinitely better conductor than air or

oil of turpentine, is a medium in which similar currents can take place.
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Faraday's theory does not pretend to decide upon the consequences
of a vacuum. According to his view, electrical phenomena, such as

induction, conduction^ and insulation, depend on, and are produced
hy, the influence of contiguous particles of matter, the nearest particle

being considered as the contiguous one ; he assumes further, that these
particles become polarized, and that they act at a distance only by
acting on the contiguous and intermediate particles.

Suppose a vacuum to be in the line of induction ; it does not follow

from the theory, says Faraday, that the particles on the opposite sides

of such a vacuum cannot act on each other. Suppose it possible for a
positively electrified particle to exist in the centre of a vacuum one
inch in diameter ; nothing in my theory prevents the particle from
acting, at the distance of half an inch, on all the particles forming
the surface of the sphere with a force according to the known law of

the square of the distance.

Here, however, Faraday again assumes the action at a distance.

In the fourteenth series of Experimental Researches, (Fog. Ann.
Sup., vol. of 1842,) i^arac?a?/ collected his views on the nature of elec-

trical force, and particularly on the state of tension accompanying
induction. I quote this summary literally :

'^ 1669. The theory {Faraday' s) assumes that all the particles,

whether of insulating or conducting matter^ are, as wholes, con-

ductors.
" 1670. That not being polar in their normal state, they can become

so by the influence of neighboring charged particles, the polar state

being developed at the instant, exactly as in an insulated conducting
mass consisting of many particles.

" 1671. That the particles when polarized are in a forced state, and
tend to return to their normal or natural condition.

" 1672. That being as wholes conductors, they can readily be
charged, either bodily or 2^olarly.

" 1673. That particles which, being contiguous, are also in the line

of inductive action, can communicate or transfer their polar forces one
to another more or less readily.

" 1674. That those doing so less readily require the polar force to

be raised to a higher degree before this transference or communication
takes place.

" 1675. That the ready communication of forces between contiguous
particles constitutes conduction, and the difficult communication insu-

lation; conductors and insulators being bodies whose particles natur-

ally possess the property of communicating their respective forces

easily or witli difficulty ; having these differences just as they have
differences of any other natural property.

"1676. That ordinary induction is the effect resulting from, the

action of matter charged with excited or free electricity upon insu-

lating matter, tending to produce in it an equal amount of the contrary
state.

"1677. That it [the charged matter] can do this only by polarizing

the particles continguous to it, which perform the same office to the
next and these again to those beyond ; and that thus the action is

propagated from the excited body to the next conducting mass, and
these render the contrary force evident in consequence of the effect ot
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communication wliicli supervenes in the conducting mass upon the

polarizatijon of the particles of. that body, (1675.)

"16T8. That, therefore, induction can only take place through or

across insulators ; that induction is insulation, it being the necessary

consequence of the state of the particles and the mode in which the

influence of electrical forces is transferred or transmitted through or

across such insulating media.
" 1679. The particles of an insulating dielectric whilst under induc-

tion may be compared to a series of small magnetic needles, or more

correctly still to a series of small insulated conductors. If the space

round a charged globe were filled with a mixture of an insulated

dielectric, as oil of turpentine or air, and small globular conductors,

as shot, the latter being at a little distance from each other, so as to

be insulated, then these would in their condition and action exactly

resemble what I consider to be the condition and action of the particles

of the insulating dielectric itself. If the globe were charged these

little conductors would all be polar ; if the globe were discharged

they would all return to their normal state, to be polarized again

upon the recharging of the globe. The state developed by induction

through such particles on a mass of conducting matter at a distance

would be of the contrary kind_, and exactly equal in amount to the

force in the inductric globe. There would be a lateral diffusion of

force, (1224, 1297,) because each polarized sphere would be in an active

or tense relation to all those contiguous to it, just as one magnet can

affect two or more magnetic needles near it, and these again a still

greater number beyond them. Hence would result the production of

curved lines of inductive force if the inducteous body in sucli a mixed

dielectric were an uninsulated metallic ball, or other properly shaped

mass. Such curved lines are the consequences of the two electric

forces arranged as I have assumed them to be ; and that the inductive

force can be directed in such curved lines is the strongest proof of the

presence of the two powers and the polar condition of the dielectric

particles.

"1680. I think it is evident, that in the case stated, action at a

distance can only result through an action of the contiguous con-

ducting particles. There is no reason why the inductive body should

polarize or affect distant conductors and leave those near it, namely,

the particles of the dielectric, unaffected ; and everything in the form

of fact and experiment with conducting masses or particles of a suita-

ble size contradicts such a supposition."

As a consequence of the above, Faraday supposes all bodies to consist,

as it were, of small conductors which are separated by an insulating

substance ; the inductive action of one particle on another, he must

also assume, to be precisely like induction between two conductors, as

generally supposed ; he must then assume action at a distance of the

ordinary kind between each two particles of the insulator. Since he

must assume this at last, and an insulating interval, there is really

little reason to set aside the accepted opinions which, though they

may have many deficiencies, must be maintained until overwhelming

-proof establishes not only their insufficiency, but their incorrectness

also.

In continuation of the fourteenth series, Faraday notices the indue-
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tive capacity of crystalline bodies in dilFerent directions. According
to his idea of specific inductive capacity, it is evidently possible that
crystalline bodies have not equal inductive capacity in all directions

;

that, for instance, rock crystal, or calc spar, might have a greater or

less inductive capacity in the direction of their optical axes than
perpendicular to them. Faraday's experiments leave this question

wholly uikdecided ; in most cases exceedingly small differences being
indicated, while in others, where greater diiferences appeared, colored

seams in the crystal, cracks and the like, may have had an injurious

effect. I do not consider it necessary here to enter more into detail.

Faraday's views on electrical induction must necessarily have forced

upon him the question, whether magnetic attraction and repulsion_, as

heretofore supposed, are to be ascribed to action at a distance, or

whether magnetism in a similar manner acts at a distance through
the medium of intervening particles, analagous to induction in static

electricity according to his view.

The experiments which he made for the solution of this question

gave invariably negative results, whether he used plates of shellac,

sulphur, or copper, as intervening bodies. No sign of the influence

of intermediate particles could be obtained.

Even if the first experiment did not succeed in showing that mag-
netism acts at a distance through the medium of intervening particles,

it is still conceivable that a magnet might affect all the particles of

the non-magnetic bodies surrounding it, and place them in a peculiar

state of tension, similar to that of the dielectric, through Avhich in-

duction takes place from one conductor to another ;
and it is certain

that Faraday, in his endeavors to discover proofs for such a state,

was led to the discovery of the rotation of the plane of polarization by
the magnetic poles and galvanic currents as well as to dia-magnelism

;

discoveries which alone would be sufficient to make his name immortal
in the history of science.

§ 25. MuNCK AF RosENSCHoLD ON INDUCTION. In the 69th volume of

Poggendorf's Annalen, is a memoir by Munck of Rosenschold, in

which induction is treated of. In his somewhat extended considera-

tion of the subject, into which he naturally introduces much that is

known, he starts with the correct view of induction, which is also

defended by Riess and Fechner.

The following constitutes the most important parts of Bosenchold'

8

•memoir

:

Let the plate A, Fig. 41, be electrified and act inductively on B
and C. Let E be the quantity of electricity on A, and it will induce

Fiff . 41

.

upon B, which communicates with the ground through

X a fine wire, the quantity of electricity — mE. If the
.-ffiiiii,iiiiiiiMm.mi,i,flniTii|ini|iiim plate C be now brought within the " electrical sha-

dow" of B^ and connected with the ground, both A
-
miiiiiiiiiiiiiiiiiimiiiiiiimiiiiiiiiim) and B will act upon this plate. If we indicate by m!

tlie co-efficient of induction which belongs to the dis-

i^iniii|iiiiiiniiiimiiMiiiMp]^ tance between B and C, then m! mE will be disguised
•C on C by A, if m" represents the co-efficient of induc-

tion correspoi.ding to the distance between A C ; then there will be

disguised on C,
c= TO m' E— in!' E,
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The density of the electricity induced on C is always very email

;

if it were zero we should have

m . m' = m"

If this were rigidly true, we should have m^, m^, m\ &c., for the
coefficients of induction for the distances 2, 3, 4 ; m being the coeffi-

cient for the distance 1; or, in other words, the distances would be
the logarithms of the coefficients of induction.
But the electricity disguised in C is not zero, though it is very

feeble. It becomes imperceptible when is very near B, or even
when A is brought very close to B ; for a given distance between A
and C, the induced electricity becomes a maximum when B is placed
exactly in the middle between them.

These relations had been already discovered by Fechner, who de-
scribes them in his treatise above quoted.

Fig. 42. liosenschold now sought to determine in what pro-

^ portion the quantity of electricity disguised on C
'ffl!SSH!2E22E!2!iro varies, when the intermediate plate B is insulated,

jj
-.- ' and is then put in connection with the ground,

Tiini i i Pi iii»i»#iiiiiiiiM!i> The plates A, B, and C, were 6 inches in diameter,

_

the distance from A to C was 9 inches, and B was
-(iiiiiiiniiililmpiiii|iin»iiniiiiy mid way between them. When B was uninsulated,

'•
Eosenschold found that the electricity disguised on C

was only ^l of what there was when B remained insulated. In the
latter case, that is, when B is insulated, according to JRosenschold's

experiments, it is quite immaterial whether this plate be present or
not.

When the distance from A to C was half as great, the electricity

induced on C, B being uninsulated, was only —^ of that which was
disguised there when B remained insulated.

A and C having been placed at the distance of 2 feet from eacb
other, the electricity disguised on C was inconsiderable, but on touch-
ing B it amounted to more than half of what was observed when B
was insulated.

Similar experiments were made with three-inch plates.

When A and C were 9 lines apart, and B was touched, the quan-
tity of electricity disguised on C was yV of the quantity on it when B
was insulated.

As a final result of these experiments, it was found that m" difiered

very little from mm', as long as the distance of the plates A and C
from each other did not exceed from ^ to |- of their diameter.
With reference to the above ratios -^V? ysr? yVj i* ^^7 ^^ remarked

that liosenschold has not stated, as he should have done, how the in-

dications of his electrometer used for these measurements, were made
properly comparable.

§ 26. RiESS ON INDUCED ELECTRICITY AND THE THEORY OP CONDENSERS.
The last labors on this subject which we have to mention here, are those
of Biess, published in the YSd vol. of Poggendorff's Annalen, under the
title: "Ow Influence Electricity and the Theory of Condensers." By
the name influence electricity, Riess designates that which is generally

26 s
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termed disguised (gebundene) electricity, a designation wbicli Biess

shows, in the historical introduction to his memoir, has contributed

much towards establishing erroneous views on the nature of induced

electricity.

Lichtenherg first introduced the expression ''bound" electricity into

science. He speaks of bound, latent, or dead electricity, in contradis-

tinction to free or sensible; he distinguishes from the ordinary elec-

trical condition another, in which electricity, although present, is

inactive, dead, latent, perfectly analogous to latent heat.

—

{Erx-

leben's Elements of Physics, 3d edition, with additions by Lichtenberg,

1Y84, page 499.)

This has produced very injurious consequences to science, and has

given occasion to the strange ideas on the existence of induced or dis-

guised electricity, which, obstinately defended as we have already

seen, cannot be corrected without much trouble. However, we can

now regard the opinion that latent electricity has entirely peculiar

properties, as finally refuted. [See note at the commencement of

this section.]

Biot presents the theory of condensers and the Leyden jar some-

what in this manner : If to an insulated metallic plate the quantity

of electricity 1 be communicated, this will disguise, in a neighboring

metalic plate connected with the earth, a quantity of electricity m,

which, reacting upon the first plate, will disguise in it the quantity

rri^, so that there is remaining only tlie quantity 1 — m^ as free elec-

tricity. If E be the greatest quantity of electricity which the insu-

lated plate can receive separately, it will continue to receive more in

the presence of the condenser plate, until its free electricity amounts

to E. Represent by A the whole quantity which the insulated plate

is now capable of receiving, and we will have

A 1
(1 — m'^) A =r E, hence ^ =. z ^.^ ^ E 1— m~

This fraction indicates the ratio of the quantities of electricity which

the insulated plate can receive, standing first alone and then in the

presence of the condenser ; it expresses, consequently, the condensing

power of the apparatus.

This formula is perfectly admissible in so far as it serves only for

illustrating the action of the condenser, but it must be regarded as

misused when it is employed for computing the condensing power of

the apparatus. Biess has proved that the coefficient of accumulation

of the condenser is not a definite quantity, dependent only upon the

distance of the plates, but that it varies with the form and magnitude
of the condenser plate, v/ith the position of the conducting wire of the

plate, with the point in which the collector receives the electricity

from the source of excitation, &c. In short, Biess has shown that

the coefiicient of acumulation is a quantity which varies in the same
instrument from one experiment to another ; that consequently the

above formula cannot be used for computing the condensing power of

the apparatus.

I beo; leave to make a few remarks on the manner in which Biess
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speaks in relation to this formula. Pie expresses himself stron^^ly

against it, so that one would get the notion that the entire conception
which Biot presented of the action of the condenser was not only faulty,

but lundaraentally wrong. liiess justly censures the misuse which has
been made of the formula in computing the condensing power of the
apparatus, and shows incontestably, by experiment, that such an a])pli-

cation is not admissible
; but in the introductory consideration he ex-

presses himself in a manner which would lead one to believe he desired
to prove far more against the formula than is in fact his purpose, and
from this cause it is somewhat difficult to understand his memoir. It

appears subsequently, however, that in his opposition to the formula
not so much is intended as would seem at first to be the case, and it

becomes clear to the reader after a while_, that he only censures the
misuse of the formula, which in the end rests upon the same notion
of the action of the condenser which he himself develo2)es. The dis-

cussion is in part a strife about words.

We pass now to the experiments which Riess instituted to discover
and explain the mode of action of the condenser, and the circumstan-
ces which influence the capacity of the instrument for condensing.
Two plane brass disks, 87.6 lines in diameter, ^i[ of a line thick,

with rounded edges^ were in the middle of one side provided with
cylindrical handles, 15 iines long and 11 lines thick. These handles
are perforated in their axes so that a conducting wire may be fastened
in them by means of a clamp screw. At right angles to their axes
they have a,cavity in which a glass rod, coated with shellac, somewhat
over eight inches long is cemented. These rods bearing the disks stand
vertically on a horizontal base as shown in fig. 43.

The induced plate A or condenser can be laid on its back by means
of a hinge.
The inducing
disk B, known
as the collect-

or is placedon a
slide so that it

can be brought
near to or re-

moved from A
at will,and the
distance mea-

sured accurately.

The condenser A, when in use, was connected by a metallic wire
with the gas pipes of the house, as a discharging train.
The collector B was connected by a metallic wire with one knob of

a spark micrometer, fig. 50, the other knob of which communicated
with the gas pipes of the house.
_A being turned down, so that B stood alone, the latter was then elec-

trified by contact with the knob of a Leyden jar. The free electricity
distributed itself over the whole insulated system, that is, over the
plate B, and the knob of the spark micrometer connected witli it.

The striking distance of the electricity present was measured by the

Fijr. 43.



404 RECENT PROGRESS IN PHYSICS.

gradual approach of the other knob of the micrometer. One experi-

ment gave, for instance, the striking distance 1.475 lines.

;:; The movable knob of the spark micrometer was then shoved back,

the plate B charged in the same manner as before, and the disk A
placed erect and brought within two lines of B ;

B now acted induc-

tively on A, — E collected on A,* and reacting inductively upon B,

brought about another arrangement of the electricity in the system

opposite to it ; the electricity collected more in A, and its density on

the knob C is diminished ; from this follows a reduced striking dis-

tance ; for on bringing up the other knob of the spark micrometer

until a spark passed, the striking distance was found to be 0.150.

By the approach of the condenser, therefore, the electricity is accumu-

lated upon A ; its density on C on the contrary, is diminished, and
Fig. 44. in the propor-

tion of 1.475 to

0.150, or in the

last case it is

only 0.102 of

the former.

The electri-

cal charge,
which the jar

gave to the
plate was not

perfectly equal in both cases, for beside the loss of charge which the
jar suffered between the times of the first and second contact, it had
imparted electricity to the plate at the first contact, hence at the sec-

ond its charge must have been somewhat, although but a trifle, less

than before. In order to correct this inequality in the quantities of
electricity, Riess made a series of experiments, alternately with and
without the condenser, and compared the striking distance of each
experiment with the mean of the preceding and following ones. The
results are arranged in the following table. Distance of the plates,

two lines

:

•-Throughout his whole memoir ifi'eis avoided the expression ^'hmind electricity," [gehun-

deue (lectricitat,) for no other reason than because a false idea was connected with it. This

term may be very properly united with a correct conception, and consequently I do not

think an expression should be proscribed which has gone so much into common use.

False conception of " bound," i. e., disguised electricity, are not so generally disseminated
as Riess seems to think ; I never had any other view, than thp-t which he presents, and he
can hardly find much to object to in the presentation of the matter in my Treatise on
Physics, unless he should take offence at a single word ; the remark on the lower half of

page 414 of the first volume of the first edition, (3d edition, 2d vol., p. 97,) are designed

to remove every doubt as to the true meaning, and yet at the time I wrote that part, the

memoir of Hiess and the whole controversy on the nature of disguised electricity, was un-

known to me, else I would have certainly suggested the proper experiments described in

Section 17 of this report, and I also would have avoided here and there a few less ac-

curate expressions, which, as I was not aware of any controversy, were used quite tiu-

designedly.

£See note at the commencement of this Section
]



RECENT PROGRESS IN PHYSICS.

Striking distance in Paris lines.

405

Without condenser.

1
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Distance of plates.

Possible increase of electric density on
collector

2 lines.

9.50

10.

3.67 2.21

20.

1.45

30.

1.25

50.

1.09

CO

This is tlie correct representation of the mode of action of the con-

densing apparatus. Correct views on the subject had long been held,

but not so decidedly and clearly expressed.

In these experiments, C was connected with B by a wire 8 inches

5 lines in length. When a wire 18 inches 3 lines long was used instead,

almost exactly the same relative numbers of the striking distance were

obtained for the collector standing alone and in the presence of the

condenser.

Consequently, when the conducting system of the collector is brought

into contact with a constant source of electricity, there will be accu-

mulated on the collector B, 2.21, 1.45, 1.25, &c., times more electricity

when the condenser A connected with the ground, is 10, 20, 30, &c.,

lines distant from B, than if it were removed.

Biess made direct experiments to determine the increase of the

quantity of electricity on the collector by the approach of the con-

denser under the above circumstances ; that is, when the collector,

during the proximity of the condenser, remained in communication

with a constant source of electricity ; the form of experiment was as

follows.

First the ball C was touched with the knob of a Leyden jar, while

the condenser was away ; the jar was then removed, and the striking

distance at C measured.
Next, the condenser communicating with the ground was placed at

a given distance, C was brought into contact with the knob of the

Leyden jar, the condenser jar removed, and the striking distance

at C again measured.
The striking distance was found to be in the last case as many times

greater than in the first as the electricity imparted to the plate B in the

last instance was more than in th.e first.

A series of experiments gave as a mean the following quantities of

electricity for the different distances of the plates :

Distance of plates

Electricity obtained

The difference between these observed numbers and the densities

computed from the first experiments is really very small.

For distances less than 10 lines reliable experiments could not be

made.
The proportion of the quantity of electricity on the collector, accord-

ing as it stands alone during contact, or near the condenser, is called

the coefficient of accumulation of the condenser. According to the

above experiments, therefore, the coefficient of accumulation of the

condenser is 2.21, 1.45, &c., when the plates are 10 lines, 20, &c.,

apart.
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We shall see presently that this coefficient docs not depend on the

distance of the plates alone.

The determination of the density of the electricity on C hy means

of the spark micrometer renders the result very apparent, hut is not

suitahle for accurate determinations, hecause the knob of the microni-

eter connected with the ground influences the induction of electricity

on the opposite one. Instead of the spark micrometer, however, any

other method of measuring the electrical density on C may be used.

Biess applied the torsion balance in a more accurate series. He
found in this manner that when an electrical charge was impartedto

the insulated system D B, (the knob of the micrometer connected with

the ground being removed,) the condenser being away, and unity

representing the electrical density of C, on the approach of the con-

denser at different distances, the density on C was as follows :

Distance of plates.

Density on C

2 lines.

0. 173

3,

0.235

4.
I

6.

0.286 0.335

10. 15.

0.492 0.595

20.

0.683

50.

0.897

00

1

These results correspond very well with those found by means of

the spark micrometer.

When the connecting wire between B and C was shortened, the

foUowins; somewhat different numbers were found :

Distance of plates.

Density

2 lines.

0.155

3.

0.219

4.

0.274

5. { 10.

0.30610.488

15.

0.630

20.

0. 688

50.

0.888

CO

On the back of the collector the electrical density was diminished

by the proximity of the condensor. Biess found that on this surface,

near its edge^, the density was diminished in the following proportion:

Distance of plates.

Density

2.

0.260

3.

0.341

4.

0.412 0.460

10. [ 15. ( 20,

0. 617 [0. 71D|0. 028

50. f 00

0.941} 1

Thus it appears that on the back of the collector, near the e^ge,

the density of the electricity is diminished by the proximity of the

condenser far less than at the end C of the connecting wire, placed in

the middle of the plate ; hence the coefficunt of accumulation of the

condenser is less ivhen the body to he examined is placed at the edge than

lohen at the middle of the collector.^

* This conclusion does not seem to me perfectly correct. The experiments show that

when the constant source of electricity is kept at C the coefficient of accumulation

decreases more than when the back surface of the collector is touched near tlie edge hy

the constant source of electricity. That it is the same whether the knob C or the middle

of the collector it.sclf be touched by the constant source is not yet proven, as it must be

before the above conclusion can be admitted.
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Larger condensing plates admit of a greater condensation of elec-

tricity than smaller ones, as Munk af J-^osenschold, has shown.
Experiments Avere made with plates 52 lines in diameter, under

circumstances as near as possible the same as in the above series, that

is the connexion of the collector was the same in both cases. Only
the diminution of the electrical density was observed which took place

at the end of the normal connecting wire (at the knob C?) on the

approach of the condenser. In the following table the results obtained

with the small plates are compared with those of the larger ones.

Distance of plates
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titles of electricity care found on the condenser at different distances of

the plates.

Distiuice of plates ,

Quantity of induced electri-

city ou condenser

2 lines.

0.911 0.887 0.854. 0.823

10.

0. 089

15. 20. 50.

0.612] 0.5001 0.263

§ 27. Electrical effects of flame.—The electrical properties of

flame have been described in. a memoir by Biess, which may be found

in Poggendorf's Annalen, vol. LVI, p. 545. In the introduction he

gives historical notices of the experiments and views previously pre-

sented ou this subject. We will only remark here, that Gilhert^ and

Kircher were acquainted with the electrical effect of flame
;
Priestly

proved experimentally that it was a conductor of electricity, and Volta

compared the electrical action of flame to that of metallic points.

The electrical action of flame may be thus concisely characterized:

If an electrified conductor be furnished with a flame, it will at once

lose its electricitv, which issues though the flame, as through a point

fixed on the conductor; if, on the other hand, a flame be brought into

the neighborhood of an electrified body, the flame draws off the

electriciV? just as a metallic point does in a far less degree. On
placing a flame on the knob of a Leyden jar which is near an electrical

machine in operation, the jar charges itself as though the knob had

been connected with the conductor of the machine. Volta applied

burning sponge to his electroscope, in order to attract atmospheric

electricity by this means.

Although Volta was well aware that flame was a conductor and that

it acted like metallic points, and thus had the elements of a correct

explanation, yet his views on the action of points themselves were

somewhat erroneous, since he believed that the emission as well as

the absorption of electricity by points was a consequence of the elec-

trical wnnd. In flame the ascending current of air, according to his

view, replaced the effect of the electrical wind.

The electrical wind appears, it is true, when points are strongly

charged and favors the emission and absorption of electricity, but

the action of points is not dependent upon this wind ; the action takes

place even in electrical charges which are too weak to cause the elec-

trical wind to appear.

According to Volta s explanation, an actual communication of elec-

tricity takes' place in the electrical action of flame. That the charg-

ing and discharging action of points does not always depend on the

immediate transfer of electricity is known ; Riess sought to prove this

also for flame, experimentally ; he explains the action of flame in the

following manner.
. .

A dense current of steam constantly issues from flame, rising as a

continuous stratum into the air. But it preserves this form only for

a small elevation.* As the air presses on the steam from all sides,

= [This passage, which is correctly transcribed from Riess' memoir, is here literallj

"translated. That the steam should be decomposed after having been formed by combus-

tion, is contrary to what we know of flame, and the author has given no reason for such

a -view.]
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and the latter, decomposed by the white heat, unites with particles

of air, the continuous mass is broken and separated, and only threads

of it remain, which are diffused more and more, and finally scattered

in the air.* Hence from flame conducting electricity threads issue,

which being separated from each other by the non-conducting gases

and hot air, necessarily flow away in ends and points. This being
granted, flame must be considered as a good conductor of electricity,

furnished with a number of points extending in every direction into

the air, and such, too^ as to exceed in perfection all the j)oints exist-

ing in nature.

The quantity of electricity issuing from a conductor furnished with

points, is as much greater as the points are more perfect ; the least

traces of electricity are also removed by flame. The electrical density is

much greater on a point than on any other part of a conductor, at the

steam points of flame the density is therefore very great ; the elec-

tricity accumulated at the steam points acts then inductively upon
neighboring insulated conductors. If the accumulation of the elec-

tricity attracted to the parts of the insulated conductor, which lie

nearest the electrical steam points, is great enough, it will escape^

and the conductor will remain charged only with the electricity which

is repelled by the electricity of the flame being of the same kind
;

the insulated conductor therefore remains charged with the same elec-

tricity which the flame has, without that of the flame having gone

over to it.

On the other hand, if the flame be brought near to an electrified

body, the steam points will become electrical by induction, but their

electricity escapes, and the insulated conductor, on which the lamp is

placed, remains charged with the same electricity which the neighbor-

ing inducing electrified body possesses, without this electricity having

passed from the electrified body to the conductor provided with the

lamp.
This view of the subject is justified by the following experiment:

A small metallic spirit-lamp, surrounded by a metallic cylinder 13

lines high, was placed on a properly insulated copper disk A, 3 inches

11 lines in diameter. About 3f in-
'°" dies from the lamp was placed a

p-ill
__^

second copper disk B, (fig. 45,) con-

nected with the electroscope &, and
^-tfno-1|^i;|j /ff^^^^^^ kept in a vertical plane by an insu-

lating shellac handle. The point of

the wick and the middle of the disk

B were at the same height.
'^ When the lamp was lighted and

A electrified by contact with one of

the poles of a dry pile, the electroscope immediately indicated a diver-

gence of 3 lines. Since the steam of the flame ascends vertically, a direct

transfer of electricity is improbable. If it does take place, A and B
must necessarily be in conducting connexion tlirough steam, and the

electroscope should collapse as soon as A is touched. But by touching

[* This explanation is unsatisfactory, since super heated steam does not conduct better

than heated air ; all we know at present relative to this matter is, that a flame acts as an

assemblage of perfect points
]
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A, the leaves of the electroscope h fell only to 2^ lines. Hence there

was no conducting connexion between B and the lamp, and the

charging of B took place in the way indicated above.

If B was electrified, and while the lamp burned, A was touched,

the electroscope collapsed slowly, stood at 3 lines divergence, and
even after two minutes the divergence was 2^ lines. B being held

horizontally over A, the steam of the lamp struck B ; consequently a
conducting connexion existed between A and B. In this case, when
the experiments just described were repeated, the electroscope h at

once collapsed when A was touched.

From the results of these experiments, it appeared that the effective

steam points extended far beyond the flame and the metallic cylinder

surrounding the lamp, otherwise the cylinder would have destroyed

the action of the points,, as, in fact, is the case with incandescent

bodies.

When burning spunk was laid upon A, and B properly insulated,

was held horizontally over A, A being electrified by contact with one
of the poles of a dry pile, the electroscope h immediately diverged

;

but this did not happen when the burning spunk was surrounded
by a metallic cylinder 13 lines high by 9 in diameter. This shows
that the ascending smoke in this case was not a conductor. The
action of incandescent bodies, therefore, is not^ like that of flame,

produced by steam. At the place where the mass burned, a hole was
formed whose edges were prevented from burning by the carbonic

acid, &c., produced. Where a number of such holes came together,

a projection of unburnt mass remained. By continued burning, these

projections became pointed ; and to these points, standing out every-

where over the burning body^ all the consequences are applicable

which were developed above for the steam points.

Slow match, pastiles, &c., behaved like glowing spunk.
Biess modified these experiments in various ways, and always ob-

tained results confirmatory of his theoretical views. In all these ex-

periments the combustion of the ignited bodies was made as perfect as

possible. Spunk and charcoal pastiles (made like ordinary fumi-

gating pastiles) were kept burning by constant blowing, and cleared

of ashes ; and the spirit-lamp used only for intense ignition. By
such precaution, every disturbance of the described effects was avoided.

When, on the contrary, the ignition of the body under examination is

not perfect, an experiment with one of the kinds of electricity is found

to succeed often much more easily, and in a more striking manner,
than with the other, Avhich is not the case in perfect ignition.

The disk A was placed in a vertical position, andB parallel to it,

and then on A was fastened a pastile, (a small cone made of pulver-

ized charcoal and some saltpetre, mixed with gum tiagacanth,) which
was directed towards B. When the pastile was ignited over half of

its surface, and covered with ashes, A was touched with one of the

poles of a dry pile. If it was the positive pole, the electroscope h

diverged very slowly, and at most only 2 lines ; but if the negative

pole of the dry pile was applied to A, the electroscope diverged quickly,

and more than 5 lines. On the other hand, an electroscope connected

with the pastile and the plate A diverged more rapidly, and to a
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greater extent, when the opposite disc B was electrified positively

than when negatively. It therefore seemed as though negative elec-

tricity escaped from the pastile more easily ; while the positive, on
the contrary, was absorbed by it more readily.

Biess explains tliese peculiar phenomena by the well known fact

that, in burning charcoal, a development of electricity takes place,

and, as observed by VoUa, this development is strongest with moder-
ate ignition, with a weak blast and a retarded combustion of the coal.

In this case the ascending carbonic acid is positively, and the coal

negatively electrical ; the points being then negatively electrified

already of themselves, must act more powerfully when — E is im-
parted to them in addition, than when -f- E is imparted ; hence the
above described difference of the phenomena in positive and negative
charges explains itself perfectly.

The coal acts by its negatively electrified points, and not through
the positively electrified steam, else we should obtain the stronger
effects with the same electrical charge, which, in the above experiment,
gave the weaker effect. This case is also observed in Davy's lamp
without flame.

On the disk A (fig. 45) a brass flameless lamp with a feebly glow-
ing spiral was placed ; the lamp, 10 lines high, was surrounded by a
cylinder of sheet copper 13 lines high ; A being positively charged,
the electroscope b diverged more than by a negative charge of A.
When A was provided with an electroscope and B charged by conta,ct

with one of the poles of a dry pile, the electroscope diverged more by
a nes;ative charge of B.

On the above mentioned memoir of Biess, a discussion lias arisen as

to the electrical effects of flame between Biess and Van Bees.—(Pogg.
Ann., LXXIII, pp. 41 and 307.) Vcm Bees first denies the existence

of steam points. He sustains himself by the fact that these points are

not visible when the shadow of a flame is examined, the shadow being
obtained by letting the light pass through the illuminating apparatus
of a solar microscope into a dark room, and bringing the flame into

the diverging cone of light.

On the contrary, Biess says that he who imagines that these points

can cast shadows, may abandon this view without trying the experi-

ment. But it is a fact that, above the flame acting electrically, a
column of steam does exist, which is a good conductor, and which
soon loses itself in the badly conducting air ; the cold air divides

the conducting mass and diffuses it.

Indeed, this view has the greatest probability on its side, and since

Van Bees himself says, "a flame is, on the whole, (including the

mass of steam directly above it,) to be regarded as a conductor," there

is properly no great difterence between the views of the two physicists,

and the controversy on this point is almost nothing but a strife about
words.

In explaining the action of flame. Van Bees also starts from the

action of points ; he says, if a point be placed on the conductor of an
electrical machine, an unbroken current of electrified air arises, acting

inductively upon the nearest conductor.

Two metres from the conductor of the electrical machine, furnished
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with a point, an electroscope was placed ; as soon as the machine

was turned the leaves diverged, and this divergence remained when

the conductor was discharged ; in spite of this continued divergence,

the electroscopo had no permanent cliarge, hut the leaves diverged in

consequence of the inductive action of the air electrified by the point,

which air cannot lose electricity by the discharge of the conductor.

Van Bees showed that the electroscope actually had no permanent

charge by the collapse of the pendulum when he took the electroscope

to an adjoining room, and by its diverging again when he placed the

instrument in its former position. By continued turning of the ma-

chine, the particles of air electrified at the point were scattered, they,

in part, reached the electroscope, and thus communicated to it a per-

manent charge.

No objection can be urged against this.

Van Bees now applies these views of the action of points to the action

of flame ; air, ascending from flame, is charged by it and can then act

inductively on neighboring conductors. When the electroscope h,

in th« first experiment of Biess, mentioned on page 410, ap-

peared to be permanently electrified, according to Van Bees, this was

only a consequence of the inductive action of the electrified air above

the flame, which air, on discharging the plate A, cannot be itself

discharged because it is an insulator. The inductive action which

proceeds from flame, Fan Bees considers much too feeble to effect so

great an accumulation of attracted electricity in the plate of an elec-

troscope brought near to it (the plate B in Biess' experiment) as to

cause a current in consequence of which the electroscope should remain

charged. On this point it is evident that no general rule canbe given,

since so much depends upon special relations, such as the dimensions

of the plates, the dimensions of the inducing body, the relative dis-

tances, &c.
The difference between the views of the two physicists is essentially

as follows : According to Biess, the ascending conducting rnass of

steam, going off" in single threads, acts inductively upon the neighbor-

ing conductors ; on the other hand, according to Van Bees, the induc-

tive action proceeds from the non-conducting mass of air above the

flame, to which the electricity is communicated by the conducting

flame.

The truth may lie between these two views. It is beyond doubt

that a conducting column of steam forms over flame, and it is highly

probable that it is diffused in fine conducting threads. If this mass

of steam, with its points, is electrical, it must act inductively on the

neighboring conductors, according to the view of Biess. But how far

the column of steam continues to be a conductor is uncertain. Most

of the gases and vapors formed by ignition lose their
_

conducting

power by cooling ; but they will retain the electricity imparted by

flame, and thus an electrified non-conducting mass of gas forms above

the electrified flame and its conducting parts, which gas also acts in-

ductively on neighboring conductors, in accordance with the view of

Van Bees.

It is very evident that, in powerful excitation of electricity, the

transfer of electrified air and particles of dust is added to the above-



414 RECENT PROGRESS IN PHYSICS.

described inductive action, and may easily effect the greater part of

the charging and discharging.

Fetrina has endeavored to explain the electrical effect of flame in

a very peculiar manner, (Pog. Ann. LYI, 459.) He thinks that the

oxygen rushing toward the flame enters into chemical combination
only under a definite electrical condition, and he supposes that this

condition continues to a considerable distance from the place of com-
bination.

Fetrina has not yet established this hypothesis.

SECTION THIRD.

the leyden jar and effects of the discharge.

§28. Abria on some of the mechanical phenomena accompanying
ELECTRICAL DISCHARGE.—When the discharge of a Leyden jar is passed
between points, and a glass plate, strewed over with a fine powder, is

placed beneath the path of the spark, after a few discharges the pow-
der is observed to be arranged in curves with some regularity.

Abria first observed and described this phenomena, (Ann. de Chim.
et de Phys., LXXIV, 186 ; Pog. Ann. LIII, 589.) A clear concep-
tion cannot be obtained from his memoir of what kind of curves these

are, and this is chiefly due to the fact that the figure, which should
serve for the purpose of explaining the matter, does not correspond at

ail to the text. Even after having myself become acquainted with the
phenomenon by experiment, the figure attached to the memoir is still

incomprehensible.

In order to investigate tho subject I made the experiment in the
following manner : The interior coating of a jar was connected with
the conductor of the machine. In the path which the electricity had
to traverse from the interior coating to the exterior, Henley's universal
discharger was placed. A glass plate was laid on its stand, thinly
sprinkled with minium or with flour of sulphur. The result was the
same for both powders ; the particles arranged themselves as shown
in figure 46.

Fig. 46.

The two points between which the
sparks passed are represented by a
and h; beneath them is the plate

c d e, on which the regularly strew-

ed powder arranged itself after re-

peated discharges, in the manner
represented by the curved lines.

The curves are modified, of course,

when the distance of the plate from
the line of the points a and h is

changed. They are not continuous, but composed of short broken por-
tions, as shown in the figure, and I cannot, therefore, comprehend how
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Fig. 47,

Ahria could so far investigate their nature as to decide that they are

not ellipses, as it would appear at first sight, hut that they are more

complicated figures.
i

•
i i t

Abria ascrihes this effect to the mechanical shock which the dis-

charge of the spark occasions in the_ air, and supports this view by

producing similar phenomena from slight explosions.

If small soap hubbies, filled with detonating gas, are exploded upon

a marble slab strewed with powder, or if we produce the shock by ex-

ploding pellets of fulminating powder on the powdered plate, similar

curvesVill be obtained, which, however, in the latter case, will not

be so regular as when produced by the explosion of the small bubbles

of the detonating mixture.

§29. Measure of the charge of the battery.—Biess used the follow-

ing process for measuring the quantity of electricity accumulated in a

jar or battery. (Pog. Ann. XL, 321.)
The jar or battery

b (figure 47) to be-

charged was placed

. upon a table insulat-

ed by glass legs, and
its inner coating con-

nected with the con-

ductor a of the elec-

trical machine, the

outer with the inner

coating of Lane's
measuring jar. The
outer coating of the

measuring jar was

connected with a large metallic surface (a zinc roof) by a wire, so that

perfect conduction could be secured.

The battery having received + E from the conductor of the ma-
chine, the repelled -f- E of the outer coating of the battery goes to the

interior of the measuring jar, and charges it ; but this charge having

attained a certain limit a discharge of the measuring jar ensues, and

a new portion of — E can pass from the interior coating of the latter

to the exterior of the battery, because the original state of the inner

coating of the measuring jar is restored by the discharge, except an

inconsiderable residue, which, however, remains the same after all

the subsequent discharges. As often as a discharge of the Lane jar

follows the continued turning of the machine, the same quantity of—
E passes to the outer coating of the battery, and the charge of the

battery is increased by the same quantity of electricity ;
the charge of

the battery, therefore, is proportional to the number of discharges of

the measuring jar.

The distance of the knobs of the measuring jar, in liiess's experi-

ment, was first ^ a line, afterwards 1 line ; it remained constant,

however, during each series of experiments.

Biess indicated the quantity of E collected on the outer coating of"

the battery by q. The unit by which q was measured was the quan-

tity of electricity imparted to the battery for each discharge of the-
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measuring jar. Suppose q =z S ; this means the charge of the battery

has been continued until 8 discharges of the measuring jar have
occurred.

The density of tlie electric charge of the battery depends, not only
upon the quantity of E imparted to it, but also upon the size of the

surface over which it spreads. If the same quantity of electricity is

diffused over a double, treble, &c., surface, its density becomes twice,

thrice, &c., as small ; in short, the density of the E is inversely pro-

portional to the magnitude of the surface of the battery, but is directly

proportional to the quantity of E imparted ; tlie density upon the

charged battery may then be expressed by

s

q indicating the quantity of imparted E, s the size of the surface.

In his experiment, Biess used jars as nearly alike as possible, so

that the surface of the battery was proportional to the number of jars.

The surface of one jar was taken as the unit of area.

To attain accurate results, the charge of the battery must be made
continuously by contact, and not by sparks passing from the conductor.

§ 30. Repulsion of the inner coating or the battery.—If the inner
coating of the first jar of a battery be connected with a wire termi-

Fig. 49. nating in a metallic knob, as

shown in fig. 49, the free elec-

tricity of this coating of the

charged battery will be diffused

over the knob. In contact

with the first is a second knob
b fastened to tlie end of a glass

rod, which may readily turn

about its middle point, and bearing at its other end a small scale pan.

The scale is loaded until it is in equilibrium with the knob 6.

Tlie glass rod h was 12 inches long, and had at the middle a piece

witli steel pivots resting upon the rounded edges of two agate plates.

1^ 2, 3, 4 grains being now placed in succession upon the scales, it

was found what quantity of E should pass through the measuring jar

from the outer coating of the battery before the knob h was repelled.

When the battery consisted of only one jar, and 1 grain was placed

in the scale, repulsion followed after 2 discharges of the measuring
jar, 3 grains being placed in it, 4 discharges were required.

Each experiment was repeated and the mean of the two taken.

The same experiments Averc then made with a battery of 2, 3, . . .

to 5 jars. The results are comprised in the following table

:

a
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•The quantity 4.5, according to the table, sustains a weight of 4
grains Avhen only 1 jar is used, while the same quantity 4.5, divided
between two jars, sustains only 1 grain

; thus the eifect, the quantity
being the same, is inversely proportional to tlie square of the surface,
since with a double surface the effect is one fourth.

Let us consider the experimental series with 2 jars. The quantity
4.5 sustains 1 grain double this quantity, 9.00 sustains a weight four
tinies as great or 4 grains ; hence, the surface being the same, the
weiglit sustained, or the force of repulsion, is proportional to the
square of the quantity.

We conclude from the above data that the repulsion of the balls is

directly as the square of the quantity of electricity, and inversely as
the square of the surface, so that,

or the repulsion of the balls is proportional to the square of the den-

sity of the E, J- indicating this density.
6

Having deduced this law from observations selected at random, we
have now to show how closely the rest of the observations agree with
it.

According to the law, a double quantity of electricity produces,
with the same number of jars, a quadruple effect; each value of q,
therefore, on the lowest horizontal line, must be double the value of

q at the top of the same vertical column. This, however, is rigidly
true only for the series under the head of 2 ; the quotients

4.5 13.3 1Y.7 24—= 2.25; =1.90; =2.03; —=2.40
2 7 8.7 10

vary more or less from 2. Taking the mean of all the five quotients,

9.0

(that of — =.2 included,) we get the number 2.11, which in fact is

4.5

very nearly equal 2.

The quotients, obtained by dividing the values of the second line

by the value of q in the upper horizontal row, should, according to

the law^ be equal to ^2 = 1.41. The mean of the five quotients is

1.48.

If the numbers of the first and third lines be compared in the same
manner, the mean of the five quotients will be the value 1.82,

while, according to the law, it should be equal to V3=il.^3.
The repulsion being proportional to the square of the density,

according to the above law, with like effects, or equal values of^, the

quantity of electricity must increase in proportion to the number of

jars ; hence the numbers of the column headed with 2 must be twice

as great as those on the same line under 1 ; or in other words the

4.5 6.0 1.1 9.0

quotients— , — , — , — , should all equal 2. Computing these

2 3.5 4.6 4.5

27 s



418 RECENT PROGRESS IN PHYSICS.

quotients and taking their mean, we iind the value 1.97 deviating

but little from 2.

In like manner comparing the third, fourth, and fifth vertical

series of the values of q with the first, we get as mean values the

quotient

:

3.05 3.84 4.94

instead of

3. 4. 5.

Thus it is seen that the mean values agree quite well with the law.

It has already been proved by Coulomb's experiments that two
insulated conductors which are in contact, after receiving electrical

charges, repel each other with a force proportional to the square of

the electrical density.

In the experiments just described we do not directly measure the

density of E upon the balls, but the quantity induced upon the outer

surface of the battery. The accordance of our results with Coulomb's

law therefore proves that the density of the free E of the inner coat-

ing, producing the repulsion of the knobs, is always in the same
proportion to the induced E on the outer coating ; or, in other words,

that the co-efficient of condensation is independent of the quantity of

E in the interior of the battery.

§ 31. Striking distance of the battery—The experiments of Eiess on

this subject (Pogg. Ann. XL, 332) confirm the fact, which had been

already discovered by Lane and iZarn's, that the striking distance of

the battery is proportional to the density of the electricity.

In order to measure accurately the striking distance of the battery,

Riess used an apparatus, which he termed the spark micrometer ^ rep-

resented in figure 50.
Fig. 50.

Each of the brass

pins, « and h, is at-

tached to a piece of

brass having a horizon-

tal arm for clamping-

wire and insulated by
a glass support. One
of the rods is fixed, the

other is on a slide which
moves by means of the

screw / along a gradu-

ated scale. When the

clamp screw d is loose,

the slide may be moved
freely by the hand; but

when d is screwed up,

the fine adjustment is

made by means of /,
because by screwing up
d the nut belonging to

/ is clamped against

the lower metal plate.

The whole apparatus rests upon a glass support 2^ inches high.
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Different metallic bodies can be placed npon the pins a and h; knobs

K, 6|, discs S, 8| lines in diameter, points P, Arc.

In the first of the experiments now under consideration knobs were

used.

The experiments were made in the following manner : One of the

arms was brought into good conducting contact with the inner, the

other Avitli the outer coating. The jar or battery was charged as

before with the Lane]?ir. Observation was made of the number of

sparks which passed in the measuring jar before a discharge of the

battery took place at a given distance d between the knobs of the

spark micrometer. The unit for d was 1^ lines.

The results of the experiments are comprised in the following table,

s and q having the usual signification :

s
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or, in other words, the striking distance is proportional to the density of

the accumulated electricity.

If this law be generally true, and the striking distance inversely-

proportional to the surface of the battery, but directly proportional to

the quantity, for equal striking distances, the quantity must increase

in the same ratio as the surface.

In the above table the numbers of the same horizontal series should

be always proportional to the values of s placed over them. Thus
5.5 8.0 10. 3 , ,,, 1 3 1 3. 5 7,0 10. 1 13.

5

,4 „

-3", 4r6, eTT
should be equal

2,
also — ^, ^:^ i^ equal

3
&c.,

which is nearly true for the averages.

Riess found the law, that the striking distance is proportional to

the density of the accumulated E, to hold good for the case in which

the spark passed between two parallel metallic discs, or between a

ball and a disc.

He found, that under otherwise like circumstances, the striking dis-

tance between two discs is greater than between two balls, and that

with parallel discs the spark passed not in the middle, but at or near

the edge. For a ball and disc the striking distance is greater than

for two balls and less than for two discs.

§ 32. Stbikixg distance of the battery independent op the con-

ducting CIRCUIT.—It was formerly believed that the striking distance

of the battery was dependent upon the nature of the conducting cir-

cuit, that it was greater with good metallic connexion, less with

poorer conductors. Eiess has shown that this is not the case. {Pog.

Ann.,LIII,l.)
The experiments were arranged in the following manner : One of

the pins of the spark micrometer was connected with the inner coat-

ing of the battery by a thick copper wire ;
another thick wire of

copper led from the other pin to one of the arms of Henley's dis-

charger, the other arm of which was placed in good conducting con-

tact with the outer coating of the battery. Between the arms of the

discharger the following were interposed in succession :

1. A copper wire 4 lines in length | a line in diameter.

2. A platinum wire 102 inches long" 0.052 lines in diameter.

3. A glass tube 8.3 inches long 4.5 lines diameter, filled with

water.

Thus in turn a very perfect, a metallic, an imperfect, though metallic

and finally a very imperfect conductor was inserted. The results of

the experiment are given in the following table :
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until another discharge occured. The number of sparks of the mea-
suring jar required to produce the first discharge of the battery was
counted, then the number of sparks necessary to replace the quantity

of electricity which had disappeared at the first discharge.

The previous table shows how large the entire charge was under
different circumstances, when the discharge took place at a given

striking distance, and the following table shows how much electricity^

the battery had to receive again, to obtain the second discharge at

the same striking distance :
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For s=4, d^=2, we have q= U.5, q' =: 12.5, hence

n' 12 5-1= -- =0.862.
q 14.5

Thus it is evident that, under the most different circumstances, very

nearly the same portion of the entire charge disappeared on discharg-

ing at the striking distance. As a mean of all the experiments pre-

sented in the last "two tables, it appears that 0.846 or \^ of the entire

charge disappears after discharge at the striking distance, whether

good or bad metallic conductors are used^ and consequently y-V of the

entire cliarge remain as residue.

When liiess substituted parallel metallic plates for the knobs on the

spark micrometer, an experimental series gave for -i- the mean value

0.849 ; and when an interruption of 0.3 line was made in the closing

circuit, he had — =: 0.842, or almost exactly the same value for the

quantity of electricity disappearing at the striking distance.

The value — is probably dependent upon the thickness of the glass

q
of the battery, but no experiments have as yet been made to deter-

mine this.

§ 34. Results by the ordinary mode of discharge.—From these ex-

periments we may easily determine what takes place in the ordinary

mode of discharge, in Avhich a movable knob, connected with the outer

coating, is brought into contact with the fixed knob of the inner coat-

ing. When the movable knob arrives at the striking distance, which

we shall denote by d, {^ of the charge disappears and ^. remain
;

another discharge can take place only when the movable knob is ap-

proached to yV <^^j at which distance again }\ of the remaining charge

disappear ; a third discharge follows when the movable knob is brought

to (r-i)^ d, &c. Suppose the original striking distance to be 1^

lines, the series of discharges take place at the following distances :

1.5 ; 0.23; 0.035 ; 0.0055 lines;

the third of which does not differ sensibly from contact. In the ordi-

nary mode of discharge, therefore, the closing circuit receives several

discharges, one after another.

§ 35. Results by discharge at the strhqng distance.—In discharge

at the striking distance so great a quantity of electricity disappears

that merely a small approximation of the knobs does not produce a

second discharge ; but the striking distance must be reduced to ^V ^^

the original. That so great a quantity of electricity as fV of the en-

tire charge should disappear seems to indicate that the discharge,

even at the striking distance, is successive ; the air is rarefied by the

transfer of the first quantity of electricity, and thus the transfer of a

new portion is rendered possible, which could not have taken place if

the resistance to be overcome had not been diminished by the rarefac-

tion of the air. The passage of electricity continues until the charge

of the battery has become so feeble that at the constant distance of the
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knobs, in spite of the little resistance still due to the rarefied

air, a spark can no longer pass. The air having regained its ordinary

density between the knobs, a considerable approximation of the latter

is necessary to make another discharge possible. By discharging at

the striking distance, therefore, the electricity is successively trans-

mitted.

K A proof of this successive discharge exists in the fact that the re-^

mainder of the charge is considerably greater, and consequently

a smaller quantity of electricity disappears if the first discharge oc-

casions a break in the circuit, as is the case, for instance, when a fine

wire, interposed in the circuit, is fused which we will consider more
at length hereafter.

A further proof of successive discharge at the striking distance is

the circumstance that the residual charge is considerably greater when
a tube of water is introduced into the circuit.

Instead of the copper or platinum wire mentioned on page 420;, the

glass tube with water was interposed, and a series of experiments with
this circuit gave the following results :

s.
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that the excess of the inner coating, acting through the glass upon

what surrounds it, attracts the opposite electricity towards the outer

coating, so that it remains latent there, and the passage between the

knobs of the spark micrometer is consequently hindered. This ex-

planation serves also for the successive discharge at the striking dis-

tance.

§36. Heating of the connecting wire op the electrical battery.—
For experiments on the heating of thin wires by the discharge of the

battery, Biess used Harris' arrangement of an air thermometer,

through the large globe of which the wire was stretched. The tube

of the thermometer, narrow in comparison with the globe, was turned

obliquely downwards and ended in a wider position, so that a small

quantity of colored liquid there could penetrate the tube.

The scale of the thermometer was divided into lines. The instru-

ment is represented in fig. 51.

Fiff. 51.

TheVire, and consequently the air in the globe, being heated by

the discharge, the liquid in the tube is drivea back. The depression

of the column of liquid expressed in lines, is considered as the mea-

sure of the temperature.

A more precise description of this air thermometer will be given

hereafter.

The results of an experimental series, with a platinum wire 0.0547

lines thick, are collected in the following table :
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§ 37. Influence of the thickness of the wire in the ther-

mometer.—The value of tlie constant n changes when another wire is

placed in the globe of the thermometer. Bless repeated the experiments

with wires of equal length, but of unequal thickness. Without
presenting the entire table containing the data of these experiments,

we shall consider only the final results.

For wires of the diameter :

0.119, 0.078, 0.0547, 0.05, 0.0225 lines he found for mean values

of n,

0.18, 0.45, 0.88, 1.02, 2.69.

From the equation

—

h = nt-
s

it follows, that if experiments be made with the wires of equal length,

but unequal thickness, using the same battery (or like values of s)

with the same charge, (or constant value of q,) the depression h will

be as the value of n corresponding to this thickness of wire. Com-
paring the above values of n with the corresponding diameter of the

wire, we find that cceteris imribus, the value of n, and consequently

the depression of the column of liquid, or the heating of the air in

the globe of the air thermometer, is in proportion to the square of the

corresponding radii of the wires.

Denoting the thickness of the above wires by 1, 2, 3, 4, and 5, the

squares of the radii of the 4th and 1st are as 0.05- to 0.119^, or as

0.0025 to 0.014169 ; but

0.014169 _ ..

^^0-2^ = ^•^^-

the corresponding values of n are inversely as the square of their

diameter ; for

1.02 _
008 = "-*"^

If we divide the square of the diameter of the wire 1 in the series

by the square of that of the other wires, the following quotients are

found

:

2.33, 4.73, 5.66, 28;

but dividing the value of n for the first wire in succession into the

value of w for the 2d, 3d, &c., we get the following quotients :

2.5, 4.88, 5.66, 15,

which are very close to the above, excepting that in the case of the

finest wire the quotients 28 and 1.5 differ considerably.

Disregarding this wire, it follows from the other experiments, that

the values of the factor ?i, and consequently the depressions in the air

thermometer, or the elevations of temperature of the air in the globe,

are inversely as the square of the diameter of the wires ; or in other

"words : The increase of temj^eraficre of the air in the globe is, cceteris
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paribus, inversely proportional to the section of the wire ; or expressed

algebraically,

a. q^
10 = ——,

j,.2 g

in whicli ^^ is substituted for n in the equation, and a represents a

constant factor.

Hence, if a wire twice or thrice as thick be placed in the air ther-

mometer, the temperature of the air in the globe will be four or nine
times less than before the change.
The rise of temperature of the air in the globe is evidently propor-

tional to the quantity of heat evolved in the wire ; hence, having de-

termined the temperature of the air, we learn the quantity of heat
set free.

A wire twice, or three or four times as thick, has, for the same
length,, a mass four, nine or sixteen times as great; now if in the

thick wires there is as much heat set free as in the thinner ones, the

same quantity of heat has a greater mass to spread over, the elevation

of the temperature is inversely as the mass, or, the square of the

diameter, or algebraically,

in which y is a constant factor, and T indicates the temperature of the

wire. From this follows the equation,

Tr2

y ;

if this value of iv be substituted in the above equation, we have

y r^ s,

hence

T=^ i— ^ f

the interpretation of which is : The elevation of the temperature of a
wire, cceteris paribus, is inversely j^^oportional to the fourth poiver of
its diameter. Hence, a wire two or three times as thick will occasion

a rise of temperature sixteen or eighty-one times less, when perfectly

equal charges of the same density are discharged through it, pro-

vided that the length of the wire is unchanged.
These relations hold good, of course, only when wires of the same

substance are compared with each other, and as each substance has a
different specific heat, for each one a different proportion will be found
between the quantity of heat and the elevation of temperature.

In the experiments of Itiess just described, platinum wires were
used in the thermometer.
The last exceedingly fine wire did not accord with the law, which

Biess explained by assuming, that the law is valid only for equal
times of discharge, which may be considered equal as long as the

diameter does not fall below a certain limit, biffc when this is the case.
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the wire retards the discharge, and in consequence of this delay there

is less elevation of temperature.

His first experiment showed him, that when the length of the wire
in the globe Avas increased the temperature was somewhat lower.

§ 38. Influence of the length of the wire in the thermometer.—
When the wire in the thermometer was made longer, a slight decrease

in the heating was observed, Avhich indicated a delay of the dis-

charge. But when the closing wire of the circuit remained in all

respects the same, and the temperature at diflerent parts of it was
examined, it appeared that the rise of temperature was independent
of the length of the wire.

For instance, a piece of platinum wire in the air thermometer and
another equally thick and double the length in Henley's discharger
closing the circuit, a discharge of the battery produced a certain

depression. The platinum wires being now exchanged, the one in

the thermometer for that in the discharger, and inversely, the circuit

evidently remains the same in lengthy the same discharge now pro-

duced a double depression. The double mass of platinum was in the

thermometer in this case, and it had given off a double quantity of
heat ; hence, the temperature of the long platinum wire was the
same as that of the short one.

We shall now consider more closely one of the experiments, by
means of which Biess proved this. The radius of the wire in the
thermometer was 0.036 lines; its length 59.7 lines. The diameter
of the wire in the discharger was 0.058 ; its length 100.4 lines. A
series of experiments were made with different numbers of jars and
variable charges, which gave as their result

h = 0.91^-
s

The wires were then exchanged. A similar series gave the result

h = 0.5G^-
s

If the wire last placed in the thermometer had been exactly as long

as the other^ the depressions, according to the previous paragraphs,
should be as the square of the diameters ; hence, the last case should
give

h =z 0.35^'
s

This coefficient of ^^ is to the coefficient 0.56, as 1 is to 1.6. But

the length of the second wire is nearly in the same proportion, viz :.

in the jDroportion of 59.7 to 100.4, or 1 to 1.67 longer.

The depression in the second series, considering the different diam-
eters, is greater in proportion to the increase of length of the wire

;

hence, the heating of the separate pieces of wire is independent of
their length.

This can be shown better when the actual temperatures of the wire
in the thermometer are computed. How this can be done will be
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shown in § 43. For the first of the above described series of experi-

ments the following temperature was obtained :

for the other,

T = 0.3975
;

T — 0.0592.

These numbers are to each other as 1 to 6.66 ; the fourth powers
of the corresponding diameters of the wires are as 1 to 6.738. The
temperatures, consequently, are very nearly as the fourth powers ot

the diameters, and are independent of the length of the pieces of wire.

§ 39. Influence op breaks in the wire upon the rise of tempera-

ture.—A break in the closing wire has a marked influence upon the

temperature. When the ends of the broken wire were pointed, the

temperature was constantly lower than with an unbroken circuit, and
the lower, the farther the points of the wire were apart. This is ex-

plained by the fact that the residual charge of the battery becomes
greater as the distance the spark has to traverse is increased_, and
that consequently a less quantity of electricity passes through the

wire than when there is no interruption.

Eemarkable phenomena appeared when Biess applied to the ends

of the wire two brass discs, 10.4 lines in diameter, which were kept

parallel to each other. The following table presents a part of the

results he obtained.
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Bless has clecarly explained this in the following ingenious manner:
The separation of the plates involves two conditions which act in

opposite ways upon the temperature of the wire in the thermometer.
One is the part of the electricity remaining in the battery—in con-
sequence of which evidently the heating must be diminished. The
other condition which, on the contrary, raises tlie temperature,
requires a more extended explanation.
When the distance between the two discs is less than the striking

distance of the battery, one spark passes between tlie knob of the
battery and the knob of the discharger, and a second between the
plates.

When the distance between the discs is greater than tlie striking
distance, a spark can pass between the discs if tlie knob of the dis-

charger is in contact with that of the battery. The passage of the
spark between the plates is only possible because, generally, as we
have seen above, (page 423) the striking distance between plates
is greater than between knobs.
At the passage of the spark between discs, a condensation of elec-

tricity takes place at their edges, and tliis condensation, very probably,
has an accelerating effect upon the discharge which shows itself by an
increase of temperature.

This last condition, Avhich raises the temperature of the closing wire,
can appear only when the distance between the plates is greater than
the striking distance between the knobs. Let the plates stand at a
given distance. The striking distance between the knobs changes

with the power of the charge ; it is proportional to the fraction —
.

s ,'

for weak charges it is small, for stronger charges it increases ; hence,
it is in weak charges only that the above mentioned acceleration of
the discharge can increase the temperature so much that the opposite
influence of the residual charge shall be overpowered.

In fact, we see in the above table that h, when the plates are 1 line

apart, only when s= 3 and <?= 3, s z= 4 and <?= 4, s =i 4 and <? == 5,

is greater than h in the case of contact of the plates. In all these cases

-- is not greater than 1.25. For charges so powerful that ~ is greater

than 1.25^ the temperatures of the last column, as a whole, are less

than the corresponding temperature in the case of contact of the plates.

If the separation of the plates is greater than tlie possible striking
distance, of course there is no discharge.
The results were similar when small balls were used instead of plates,

the striking distance between the small balls being a little greater
than that between the large ones of the discliarger and the battery

;

hence, in a favorable case, the temperature, at a distance of the small
knobs of only 1 line, was very little higher than when they were in
contact.

§ 40. Heating power of obstructed discharge.—When a thin in-

sulator was introduced at the place of interruption, through which
the discharge stroke could penetrate, the heating power was less, as
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the resistance to be overcome was greater, as is shown by the follow-

ing data.

The ends of the wire at the break were furnished with small knobs,

(5.7 and 4.4 lines in diametej ;) for s= 5, g= 8, and the separation

of the knobs, 0.2 line, the result was as follows

:

Substance between knobs.
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with a smooth body, and under the microscope had the appearance

of scratches on glass with rough sand. When tested by the electrome-

ter, the points of contact being held between the fingers, it was found
that the glass at the marked, as well as at several unmarked places, had
become conducting. By breathing on the plate all the conducting

places became visible, they remained unmoistened and showed more
or less numerous ramifications ; even after the glass plate had been
washed with nitric acid and dried, the stripes appeared to conduct.

Other glass plates gave exactly similar results.

With mica the appearance of the electrical marks was quite dif-

ferent. A serpentine stripe, of uniform width, passed from the point

of contact on both surfaces to the place of puncture, which, by trans-

mitted light, was light gray in color, but in oblique reflected light

appeared as a delicately colored band, bounded by two sharply defined

dark lines, bordered by a clear brilliant fringe ; the inner part of the

band, between the fringe, contained blurred zones of yellow, blue, red

and green colors.

The pieces of mica used in this experiment were good insulators

both before and after use, though when breathed upon they appeared

covered with innumerable reticulated ramifications, which were not

moistened, indicating the places where the electricity had touched the

surface.

There was no essential difference between the two surfaces of the

plate of mica, either in regard to the colored stripes, or the reticulated

figures.

The electricity appeared to penetrate only by a sort of crack into

the substance of the glass, and even to separate the alkali, which was
indicated by the circumstance, that the injured places became more
perceptible after a while, than immediately after the experiment.

A plate of mica having been smeared with oil, a discharge, which
without the oil would have produced colored stripes, penetrated it at

the place of contact. An irregular hole ffppeared with fused edges,

about which there was a slight splitting of the mica.

By careful diminution of the electrical accumulation, Rless ohtained

repeatedly, in spite of the coating of the oil, discharges without pene-

trating, and colored stripes of considerable length and size towards

the edge of the plate, or towards a previously pierced place, which

seemed to indicate that the mica conducts electricity better in the

direction of its lamina than perpendicular to them.

In general the electrical marks on glass and mica are altogether

dissimilar, though there are kinds of glass which, at their surface

conduct electricity quite well, on which stripes appear similar to those

on mica,

§ 42. The aiu thermometer.—The air thermoneter, which Bies»

used in his researches, is represented in fig. 53, from an instrument

made by Kleiner of Berlin.

28 s
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Fig. 5:

Biess gives a des-

cription of his instru-

ment in several ])la-

ces in his memoirs
and in Dove's Beper-

torium . But tli e d es~

cription is nowhere
perfectly clear and
sufficiently illustra-

ted by figures. In-

deed, it is much
to he wished that

authors generally

would give better

drawings of their

ap{)aratus, by means
of which tedious and
yet insufficient des-

criptions would be

avoided.

Fig. 53 represents

the instrument \ its

natural size. The
globe which is about

3 inches in diameter,

is perforated in three

places. The openings at a and h are diametrically opposite each

other and are provided with perforated metallic pieces, between which

the platinum wire is extended; the third opening c is likewise fur-

nished with a metallic fitting, the opening of which is closed by a

stopper, so that before the ^perinient the air inside the globe can be

put in equilibrium with the external atmosphere.

The wire is arranged as shown in figs. 54 and 55.

Fig. 54 repre-

sents a section of

the globe \ the

natural size, pass-

ing through the

middle ofthe open-

ings a and h. The
fixtures cemented

to these openings

have holes about 2

lines in diameter

through which the

cylinder / passes.

This has a conical

cavity on the end
towards theinsiue

of the globe, into
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wliicK the metallic cone g with a split bead is screwed, as is more
clearly shown in fig. 55. In the slit the platinum wire is held and
is firmly clamped by screwing the cone in deeper. Riess terms this

contrivance a "cone clamp."
When one wire is to be taken out in order to introduce another one,

the method pursued is as follows: The cap h is first unscrewed;
the cylinder /, of one of the sides, is lengthened externally by a
screw, to which another of less diameter is attached. On this last,

as shown in Fig. 55, is fastened a rod, whose length is greater than
the diameter of the globe together with the metallic attachments

;

when this is done, the metallic plate ic, which prevents the cylinder

/from being drawn into the globe, can be detached and slipped on
the rod. It is now easy to draw the cylinder/from the left side of
the globe, and push the rod, with its attached cylinder, on the other

side after it ; the wire may then be removed and another put between
the cone clamps. To replace the cylinder, the rod is first passed
through the globe drawing / with it, the plate x is screwed into its

place, and the rod being removed, the two caps h are again screwed
on.

The air thermometers, constructed by Kleiner, are very beautiful

and well made, but their price (25 thalers and 2 thalers for packing)
is high. It is greatly to be desired, on this account, that the instru-

ment should have a simpler construction, which would render it less

costly.

The inclination of the tube, as seen in Fig. 53, can be changed at

pleasure, and then the sensibility of the instrument increased to any
desired degree. Biess used generally an inclination of 6^ degrees to

the horizon.

The scale of the tube is divided into lines. All the other parts are
clearly shown in the figure.

The capacity of the globe of Riess' instrument was 40,766 cubic
lines. The size of the tube was such that, the space between two
-division lines being taken as unity, the globe contained 320,307 sucb
units of capacity.

§43. Theory of the instrument.—When the air in the globe is

heated, the column of liquid is depressed; thus, on the one hand, the
tension of the air, and, on the other, its volume, is increased.

But the increase of tension, as well as that of volume, is propor-
tional to the rise of temperature ; hence the sum of both effects, or

the depression, is proportional to the rise of temperature.
We will now coujpute the increase of the temperature of the air in

the globe, which produces a depression of one line.

Suppose the temperature to be 15° Cent, and the barometer to indi-

cate 336 lines.

The liquid in the tube was 15 times lighter than mercury; hence
a barometer of this liquid would have a height of 15 X 336 = 5040
lines.

But the tube is not in a vertical position, it is 6°. 5 to the horizon.
The column of liquid in a tube thus inclined must have the length

5040 5040 ., ... T
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in order to be in equilibrium with the pressure of the air ; hence we
can consider 44,600 as the measure of the tension of the air in the

globe.

The temperature of the air being increased 1° (to 16°) it dilates in

the proportion

:

(1 4- 15 X 0.00365) to (1 + 16 X 0.00365),

1.05475 to 1.05840,

1 to 1.00346;

the air of 15° consequently dilates 0.00346 of its volume for each de-

gree of temperature above 15°.

But if the air cannot dilate, its tension increases in the same pro-

portion, hence we have

1 : 1.00346 =: 44,600'" : 44,754.

Thus a rise of temperature of 1° produces a depression of 154 lines

in the tube, provided no increase of volume takes place ; a depression of

1 line, therefore, corresponds to a rise of temperature of yl^= 0°. 00649
when the increase of tension alone is considered.

The capacity of the globe amounts to 320,307 units of division ot

the tube. A rise of temperature from 15° to 16° would expand the

air in the globe 1108 such units, if the air could expand freely; hence
an increase in volume of 1 line in the tube corresponds to a rise of

temperature of y-Jo^rr: 0°.000y.

A depression of 1 line, considering the increase of tension and of

volume, corresponds to a temperature

0°. 00649 + 0°.0t)09 = 0°.0074.

From the elevation of temperature of the air in the globe, that of

the wire can be found. Let t be the temperature of the air and of the

wire before discharge ; T the temperature of the wire after the dis-

charge ; t' the rise of temperature which the wire causes by imparting
its excess of heat to the air ; then

MC(T— = wc(^' — 0,

M representing the mass and C the specific heat of the platinum wire,

m the mass and c the specific heat of the air in the globe. From this

equation we get

m /_ /./ . m c -f M C

or

T= (*' -0 (l + ^) = 0.0074 A (l + B^),

T' indicating the rise of temperature of the wire, t' — i^ is the rise of

temperature of the air, which can be computed easily from the ob-

served depression.

The capacity of the globe is 40766 cubic lines ; the specific gravity

of the air, at 15°, is 0.00114, the specific heat of the air 0.188 ; we
have, therefore,

T' - ro 0074 h) (l 4- 40^66 x 0.00114 x 0.188\
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r representing the semi-diameter, I the length of the wire in the

globe. The specific gravity of platinum is 21, and its specific heat is

0.0031.
Performing the multiplication indicated, we get

T = (0.0074 70 (l + ^.oVfi.- )
According to this formula, the rise of temperature T' of the wire

can be computed when the corresponding depression h is observed,

and the dimensions of the platinum wire known.

A wire, for which r =. 0.036 lines,

and Z= 59.7 *'

gave the following data :

s
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factor 0.0070 would have been substituted for 0.0074, or a factor

which is less in the proportion of 1 to 1.0571 ; on the contrary, m,

the value of the expression in the brackets, (since 1 to jr^ is very

small,) would become greater in the proportion of 1 : 1.0547. Thus
the one factor would increase in almost exactly the same proportion

in which the other decreased, and the value of T' would remain
almost without change ; hence it follows that slight fluctuations in

the temperature of the surrounding air may be totally disregarded,

and no correction of the value of T' computed for 15° is necessary.

A similar discussion of the height of the barometer leads to the

same result—that is to say, although our formula is computed for a
height of 336 lines, it may be used for other heights, because the in-

termediate fluctuations of the barometer have no marked influence on
the value of T'.

§ 44. Influence of the length op the connecting wire on its rise of
TEMPERATURE.—We have seen above that, when the same discharge
passes through a series of wires introduced into the circuit together,

the heating of the separate pieces is, independent of their length,

and inversely proportional to the fourth power of their semi-diameters.

But as soon as tlie circuit is considerably prolonged, by the intro-

duction of new wires, the heat in all parts of the circuit decreases

In order to investigate the influence of an increase of length in the
circuit, Riess interposed, in succession, pieces of the same copper wire

of different lengths, by means of Henley's discharger, retaining in the
thermometer the same platinum wire. With each piece an experi-

mental series of the same kind was made, as shown on page 426.

Indicating the length of the interposed copper wire (its thickness

being 0.29 lines) by X.

For^r^O , A =0.78-^
s

s

s

98.4"., h=: 0.34 -i-

A = 49.0"., h=z 0.48
5

" ;= 147.7"., 7t= 0.27 i-

'' A = 240.4"., A = 0.21 -21
s

We see from these data that the heating constantly decreases as

the wires increase in length, the value of ^~ being constant.

The values of h are evidently proportional to the co-efficients of

^~. For ^- = 1 we have the following relation between h and I:
8 S

J, _ 0.78 ...

''— r+xoisi ^ -'
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For ;i = 0, this equation gives ^ = 0.78 ; for X = 49 it gives h =
0.476 ; for X = 147.7, h =z 0.267, &c., all of which values correspond

remarkably well with the above observations, so that we can consider

this equation as the expression of the actual relation between h and X.

Dividing the numerator and denominator of this equation by 0.013,

we get

7 _ 60
'* - 76.9 + r

In this form we find the greatest resemblance to the law of Ohm,

The discharge in these experiments had, in addition to the variable

length A of the interposed copper wire, to traverse the invariable part

of the circuit, in which the platinum wire of the thermometer was

comprised.

Each increase of length in the circuit resists the rise of tempera-

ture, which is, in fact, inversely proportional to the length of the

circuit, as shown by the formula, if we assume that the constant part

of the cii-cuit acts like a piece of copper wire 76.9 feet long and

having the thickness of the interposed wire.

The above value of h represents only a special case ;
it may be gen-

eralized thus :

h= t

1 s

- -\- k L +A
&

a 1 -
,

by substituting a' for v' and L for .-' Thus we have the same

law here for the development of heat as for the magnetic effect of the

galvanic battery.

Evidently L liere expresses the reduced length of the circuit ; that

is, it indicates how long a platinum wire should be, of the same

thickness as the interposed wire whose length is I, to give the same

value of retardation as the whole circuit, with the exception of the

platinum wire in the discharger having the length X.

This last transformation, by means of which Riess' law of heating

gives a form perfectly similar to Ohm's law, Itiess has not presented

with his formula. In the beginning of his memoir he merely made
the general remark that the similarity of his results to the magnetic

effect of the galvanic battery was not to be overlooked, but without

presenting or proving it ; indeed, in his treatise he has intentionally,

as he says, avoided representations which might seem to refer to gal-

vanism, because the subject of electricity needs well founded experi-

ments more than theoretical disquisitions and analogies.

Equation (1) brought into the general form is as follows

:

a
h =:

from which Miess draws the following conclusion:
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By lengthening the circuit the rise of temperature is dimin-
ished. If, instead of metallic wire, a piece of moistened wood, or a
glass tuhe filled with water, be introduced, the most powerful charges
of the battery are not al^le to produce a depression of even 0.1 line.

Here the discharge of the battery is no longer instantaneous, as with
the interposition of the longest copper wire ; it requires a perceptible

time. Hence it is inferred that a difference might be observed in the
time of discharge when a long or short wire was used if we were
endowed with keener senses. The heating of the platinum wire in

the thermometer appears to be in simple inverse ratio with the time
during which the discharge lasts, A temperature a being observed,

while a certain quantity of electricity of a given density is discharged
in the time 1, the time of discharge will be prolonged by h ?., if a wire
of the length X is introduced ; and the temperature is now

a
h =

l-}-hX

or the heating of a wire hy the discharge of on electrical battery is in-

versely proportional to the duratien of the discharge ; the duration of
the discharge is prolonged hy lengthening the ivire of the circicit by a
time luhich is proportional to the length of the loire added.

§ 45. Influence of the thickne,?s op tue connecting wire upon its

TEMPERATURE.—In Order to investigate the influence of the thickness

of the connecting wire Eiess removed the interposed copper wire
which he had used in the previous experiments, and in its stead

placed, in succession, platinum wires of various dimensions between
the arms oi^ Henley's discharger. The result was that the thermome-
ter indicated temperatures as much lower, as the platinum wires of

like lengths were thinner. The data thus obtained admit of the
formula
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Fia. 57.

In fitijiiro 56 h rei)iesents the battery, t the air thermometer, a a
Fig- 5G. j)iece of wire introduced into tlie circuit.

In tlie two followinf!; fij>;ure8 b and t represent

the same things as in tlie other
;

i'^is- ^8.

but in figure 57 we have the wire

/? instead of a, and in figure 58

both pieces of wire are introduced

together, so as to ibrm branches.

If, now, for a given charge of

the battery a certain temperature of the air ther-

mometer is produced by the combination in figures

56 and 57, the question is, wliat is the temperature

for the same charge with the combination of figure

58?
liiess has treated this question in the 63d vol.,

page 486, of Poggendorf's Annalen.

As we have just seen, the elevation of temperature by the air ther-

mometer for unity of charge is represented by the formula

—

l+z

a indicating the temperature which occurs when only the constant

parts of the conducting circle close the battery, 2 the time the dis-

charge is retarded by interposing any piece of wire in the circuit,

provided the time in which the battery is discharged when the said

wire is out of the circuit is taken as unity.

Having determined by experiment the value of retardation, z for

one wire a introduced into the conducting circle, and then, in the

same manner, the value z^ for a second wire /9, we are able to deduce

theoretically the values of retardation when both wires are introduced

together, as shown in figure 58.

The wire a discharges the unit of electrical charge in the time z
;

in the unit of time, therefore, it can discharge the quantity -.
z

In like manner the second wire ^ in the unit of time can discharge

the quantity of electricity -j.

In the unit of time, then, the two wires introduced together (figure

58) into the conducting circle can discharge the quantity
^ + /•

Hence it follows that with the combination of figure 58 the

two wires can discharge the quantity of electricity 1 in the time

+ 1

Now, if

—

a
^ = . ^--^
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is the rise of temperature in the thermometer when the wire a is in
the circuit, and if

—

'^ - \-\-^ s

represents the temperature in the thermometer when the wire ^ is

introduced, the charge being the same, we have

—

W = ^
. t

z ^ z'

for the rise of temperature, when the wires a and ^ are introduced
at the same time, forming branches as represented in Fig. 58.

In accordance with the same train of reasoning it follows that, if

the values of retardation of three wires are z, ^, 2", and they be intro-

duced into the circuit at the same time, the retardation of the whole
system will be

i+I + 1
z^ z'^ z"

The correctness of this deduction Bless has proved by numerous ex-

periments, a few of which I shall present.

The battery used in all these experiments consisted of four jars,

with 2.6 square feet of inner coating. Between the constant portions

of the circuit a series of platinum wires were inserted, varying in

length, but uniform in thickness ; through each wire various quan-
tities of electricity were discharged, and from the combination of

these experiments the value of a of the above equation was found =.

1,232. The manner in which a can be determined from the combi-
nation of numerous experiments is shown at page 426.

A platinum wire a (whose dimensions it is not necessary here to

know) being introduced, and various quantities of electricity dis-

charged, the experiments gave for the unit of charge li-=. 0.81, hence

0.81 = lf.^;

consequently z-=. 0.5209 and — = 1.919 ; the wire /9 being substi-

tuted for «, gave for the unit of charge /i =z 0.94; hence a' =0.3107, and

iz= 3.219.
z

The two wires a and /9 being introduced together as two branches
of the circuit, we have, according to our deduction, for the heat de-

veloped in the main conductor

—

k= 1-^^' ^ ^f = 1.031.

^ 1.919 -f- 3.219 ^5.138

The experiment gave h =1.03.
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Closing the circuit with a branch a', the result was

%= 0.386, and ~ = 0.4563.
z

Closing with a branch /9',

A =0.519, and -1 = 0.7279.
'J «

Closing with an (iron) wire /,

A— 0.449, and 1.= 0.5734.
z'

Therefore

—

from which it follows that, when the circuit is closed with the three

branches simultaneously, we get for the temperature with unit of

charge,

A- 1^^ = 0.7851.

1 H —^ 1.758

The experiment gave for this combination,

A =0.784.

Additional experiments showed a like harmony between the com-

puted and observed values.

§47. Temperature in a branch op the conducting circuit.—We
have seen that the quantity of electricity q is discharged through two

branches of the closed circuit in the time ; z and zl represent-

7 + 7^
ing the time in which each of the two branches is able separately to

discharge the same quantity of electricity. In the unit of time the

first branch can discharge the quantity of electricity-^; hence the

quantity of electricity which the first branch discharges in the time

J
equals r-', likewise the second branch discharges

7+7 K7 + 7)

in the same time the quantity — ^ . Hence the temperature

^'(1+7)
a f

h =
'^ T .1 1^2

1 +— ^•^'(-+:y11 ^z d'
-+-
z si
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(- + -) (1+- + -)^^

Biess found this formula also confirmed by liis experiments.
To introduce an air thermometer into the branches without

changing the circuit in other respects, platinum wires were placed in
the branches with the same connecting pieces, and of equal length
and thickness with the platinum wire in the thermometer, so that
these pieces of wire could be removed from the branches and the
thermometer substituted for them ; the place in the circuit where the
thermometer stood was occupied by a connecting wire of equal dimen-
sions.

In all these experiments the branches were very short, and it is

for such cases only that the above formulas are applicable. When
the branches are long, each induces in the other lateral currents in
the same direction. But if the main current in a induces a lateral
current in /9, a completes, as it were, the circuit for the lateral cur-
rent ^3 ; the lateral current excited in /? will thus traverse a in a direc-
tion opposite to that of the main current ; to this is to be added the
lateral current excited in a by /9. The effect of these lateral currents
is shown not only in the branches, but they modify the main current
in the general conductor. These exceedingly complicated disturb-
ances of the discharge current in a branched wire are difficult, as
Riess has justly remarked, to bring under a generally valid law.

§ 48. Electrical retarding power of metals.—Riess concludes the
investigation just described by an account of his highly interesting
and important labors on the electrical retarding power of metals.
We have seen that a wire brought into the circuit by means of

Henley's discharger retards the discharge, and that in consequence of
this retardation the depression of the air thermometer diminishes.
The wire in the thermometer remaining unchanged, if we intro-

duce first a platinum wire, and afterwards one of copper of equal
length and thickness into the circuit, an equal depression will not be
obtained

; whence it follows that these wires, though they have the
same dimensions, do not retard the electrical discharge in a like
measure

; hence the retarding force of the two metals is specifically

different.

With a copper wire a greater depression will be obtained than with
a platinum wire of equal length and thickness ; the copper, therefore,

retards the electrical charge less than the platinum wire.
For discussion and computation of the retarding power of different

metals, the following is the simplest method to be pursued : First
place a platinum wire in the discharger and determine the depression
produced by a given charge of the battery. Introduce another wire
instead of the platinum, (having the same thickness,) and lengthen
or shortf^n it until tlie same charge of the battery produces the same
effect. The retarding forces are to each other inversely as the length
of the wires used.
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A copper wire, for instance, has to be 6.44 times as long as a plati-

num wire of the same thickness to effect an equal retardation
;
hence

the retarding force of platinum is 6.44 times as great as that of cop-

per. Making the retarding force of platinum equal to 1, wo find

that of copper to be 0.1552.

This would be, as I have said, the simplest method for discussion

and computation. The prosecution of the experiments, however,

would be very troublesome. On this account, Rie.'^s has preferred to

make the experiments with wires of determinate length and thick-

ness, observing the corresponding depressions, and from these he

computed the retarding force by the aid of the law found above.

In the following experiments the same platinum wire (59.25 lines

long and 0.04098 lines in diameter) was retained in the thermometer.

A platinum wire of the same thickness, but 34.67 lines long, was

placed in the discharger. A series of experiments instituted accord-

ing to the method described above, q and s varying, and the corre-

sponding depression being observed, gave as the result

7i==1.37^;
s

a platinum wire of the same thickness, but 87.62 lines long, gave

s

a third platinum wire, equal in thickness but 143.5 lines in length, gave

7i= 0,79^.
8

The coefficient of ^has, as we have seen above, (page 440,) the form

1 -f & A"

to determine the constants a and h, two series of observations are

necessary, that is, two numerical values of these factors must be

known, corresponding to two different lengths of -^>.

First, we have

1-f 6.34.67""

then

= 1.01;
1-1-6.87.62

combining these two equations we get

a =1.787, 6=0.00878.

Combining, in like manner, the first and third series of observtv

tions, we find
' •

a = 1.788, 6 = 0.008807;

combining the second and third series, we get

a =1.792, 6= 0.008843.
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The mean of tliese three results is

a= 1.1S2, 6= 0.008810.

To determine the retarding force of copper, a wire of this metal was
placed in the discharger. Its length was 141.6 lines, its radius

0.041952 line. Assuming the thickness of the platinum wire, pre-

viously examined, as unit}'-, the value of the semi-diameter of the

copper wirewas
/>= 1.0236.

A series of experiments with this wire gave

A=1.5lC
s

But, according to the ahove, we have the coefficient

1.51= "

in which a equals the value just found, 1.789, ?. =: 141.6, and p =s
1.0236. From this we find for b' the value

6' = 0.001367.

Dividing this value hy the value of b found for platinum, we get

b'
^-= 0.1552

;

that is, the retarding force of copper is 0.155 times as great as that of
platinum ; or, taking the retarding force of platinum lor unity, that
of copper is 0.1552.

In like manner Biess determined the retarding force of other metals
and found as follows :

Metals.
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in the second column correspond to what physicists are accustomed to

call the conductive capacity.

§ 49. Capacity of metals for the development of heat.—When
a platinum wire 59.25 lines long, and 0.04098 lines in radius was in

the thermometer, and a copper wire 141.6 lines long, 0.041952 lines

radius, in the discharger a series of ohservations gave

h = 1.51—

.

s

In these experiments a thermometer was used whose globe contained

22.668 ciihic lines, which in parts of the scale amounted to 188,404.

Hence a depression of 1 line, as shown in § 43 corresponds to a rise

of temperature of the air of 0°. 00802. The rise of temperature of!

the wire was found, as there shown, by the formula

T = 0.00802 h
V ^MCf

(f
The computation being performed we get, with — =: 1, for the rise

of temperature in the platinum wire,

0°.4635.

The wires being exchanged, so that the copper wire was in the

thermometer while the platinum was in the discharger, the result was

;i=:0.46—
;

s

and therefore, with - = 1, the rise of temperature of the copper
s

wire is

0°. 04678.

Thus the same discharge produces in the two wires very unequal

temperatures. It is true that the thickness of the wires was not the

same, the radius of the platinum being 0.04098 lines, that of the

copper 0.04195 lines, but as shown above, the rise of temperature in

the wires being cceteris paribus as the fourth powers of the radii, a

platinum wire, therefore, with the same dimensions as the copper

wire, would give an increase of temperature of

0.04098^

0.4635 = 0°.4230.

0.04195'

Thus the same discharge produces, in wires of platinum and copper

of like dimensions, increases of temperature which are to Ciich other

as 4230 to 0.04678 ; hence the same discharge produces in a copper

0.04678
wire a rise of temperature

^
^._^oq = 0.1106 times as great as m an

equally thick platinum wire ; or copper has a capacityfor the develop-

merit of heat 0.1106 times as great as platinum.
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Micss found by his formula 0.1133 instead of 0.1106—a difference

so small as not to require further examination.

In a similar manner he determined the heating capacity of other
metals, and found as follows :

Metal.
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resistance ; or, in other words, which should produce the same re-

tardation of the discharge as that caused by the constant part of the

conducting circuit.

Since the quantity of heat set free in a piece of wire is proportional

to its retarding force, and since, moreover, the heating of a given

wire in any part of the circuit can he determined hy aid of the elec-

trical air thermometer, we can compute the quantity of heat set free

in the whole circuit, were it to consist of a single wire of the length

L -f- /I and of a given thickness. Vorsselmann de Heer assumes that

in the whole circuit a quantity of heat, exactly equal to that com-
puted, is actually set free, because the circuit has the same retarding

force as the computed length of wire, and the heat set free is propor-

tional to the retardation.

Biess, however, protests against this conclusion, (Pog. Ann. XLVIII,
320,) and with justice replies that the greatest part of the retardation

in the conducting circuit is due not so much to the continuous metal-

lic parts themselves as to the places at which they are joined ; and
that experiment gives us information as to the relation between the

retarding force and development of heat for continuous wires only,

but not for discontinuous wires when joined together ; that as yet we
know nothing of the relation between the retarding force and heating

at the joints.

§ 51. Ignition and fusion of metallic wires by electrical dis-

charges.—While feeble currents, discharged through thin wires, pro-

duce changes of temperature, the laws of which Biess has thoroughly
studied, and with which we have hitherto been engaged, more powerful

discharges bring the wires into a state of ignition and even of fusion.

The question now is, whether these effects, namely, the ignition

and fusion of wires, can be explained by the increase of heat accord-

ing to the laws found for lower temperatures or not.

Biess has accurately investigated the ignition and fusion of metallic

wires by electricity, (Pog. Ann. LXV, 481,) and shows that this is

not the case.

When a thin platinum wire 15 lines long, together with a thicker

one in the air thermometer^ were introduced into the conducting cir-

cuit of a battery, observations with feeble discharges gave, accord-

ing to the above laws for units of charge, a rise of temperature in the

thin wire of 0°. 68.

By discharging the quantity of electricity, 42 in 5 jars, the wire

was completely melted. Computing the rise of temperature in the

thin wire for this charge, according to the known laws, we get

0.68421 = 245°.

This temperature is not high enough for the ignition, far less for

the fusion of platinum ; hence, it is clear that the temperature of 245°

which was computed according to the laws obtained for weak charges,

is not that to which the platinum really reaches when melted by
electricity.

From this it follows that a powerful charge acts in a different

manner upon the wire than a weak one ; and it also appears that a
powerful discharge produces mechanical effects in the wire, which are

not at all shown by weaker dischargePr

29 s
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Riess has very carefully investigated tlie eifects of gradually in-

creasing discharges. To produce very powerful effects he used a
battery of 7 jars, with a coating of 2.6 square feet to each jar.

Long before the quantity of electricity required for ignition had
been reached, the wires showed appearances which evinced a forcible

penetration of the electricity ; the wire was visibly shaken, small
sparks were given off at its ends, particles of its surface were thrown
off, rising in the form of a dense vapor. It often happened that the
throwing off of larger pieces of glowing metal occurred with the pas-

sage of the spark, giving to it a scintillating appearance. Charges
still more powerful produced bends in the wire, which appeared ex-

actly as though they had been made by an edged tool. We shall give
here only one experimental series, showing these phenomena. A
platinum wire of 0.0261 line semi-diameter, and 16 lines long, ap-
peared as follows

:

No. of

jars.
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ignition in the wire, visible by daylight, the thermometer being

observed each time. The same was repeated with different number
of jars. Such a series of observations gave the folloAving charges

required to produce ignition with the corresponding depressions of

the thermometer.

No. of jars.
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If an electrical thermometer besides the thin wire he introduced into

the circuit, lengthening the wire will also occasion a less heat in the
thermometer by retarding the discharge.

Since the " force of the current" is measured by the temperature of
the electrical thermometer, it also may be said that the force of the
current is diminished by the prolongation of the thin wire.

If, then, a certain charge of the battery brings the wire to ignition,

by lengthening the wire, the same charge will yield a current of less

force, and it will no longer be sufficient to jjroduce incandescence in

the wire. To make the longer wire glow, the charge must be in-

creased, as shown by Bless' experiments, until the force of the current
has reached its previous magnitude.
A platinum wire 15.7 lines long was brought to incandescence by

four jars and a quantity of E 12, the indication of the thermometer
being 8.

An equally thick wire, 77.5 lines long, was brought to incandes-
cence by four jars and a quantity of E 22, the indication of the ther-

mometer being likewise 8. Wires equally thick, but of different

lengths, were, therefore, brought to ignition by currents of the same
force.

3. Ignition of wires in proportion to their thickness.—If a given force

of current produces ignition in a wire, with an equal value oi q and s, a
thicker wire of the same length will not produce that effect, although
the force of the discharge current increases on account of the dimin-
ished retardation.

To produce incandescence in thick wires, q must be increased, by
which the force of the current is also increased.

_
For wires of equal length, with radii of 0.018 in., 0.021 in., 0.026

lines, respectively, discharge currents were required whose forces,

measured in the electrical thermometer, were 9, 20, 43.

The fourth powers of the three radii are to each other as 10 :

19 : 45, and these numbers are nearly in the same proportion as 9 :

20 : 43. Hence,
The force of the discharge of an electrical battery, necessary for pro-

ducing ignition in a wire, is p)ropo7^tional to thefourthpower of the radius
of the ioi7~e.

4. Ignition of wires of different metals.—It follows from the experi-
ments that Riess made on the ignition of wires of different metals,
that if 1 indicate the force of the current required to produce ignition
in a platinum wire, wires of the same dimensions, consisting of the
following metals, are brought to the same condition by currents as
follows :

Metal.
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§ 53. Phenomena following ignition.'—If the force of the current

is increased more than is necessary for the first incandescence the fol-

lowing phenomena appear in succession with the increasing force.

The wire becomes white hot, tears from its fastenings, breaks into

pieces, melts, and is dissipated.

1. Tearing loose.—A platinum wire of 0.026 line radius and 16

lines long presented the following phenomena :

No. of jars.



454 RECENT PROGRESS IN PHYSICS

far and wide. All the following experiments were made under a bell

glass, and the scattered pieces collected on a sheet of paper at the

bottom.
A j^latinum wire, 0.0258 lines radius, 19 lines long, becomes red hot

with s r= 5 and q-=.l\\ with g = 20 it broke and melted. Many pieces

\ line long had globules at their ends ; a few splinters were melted

together. A similar platinum wire melted into a number of small

perfectly round globules with q-=: 22.

A silver wire, 0.0264 semi-diameter, 20 lines long, broke and melted

with 8 =r 6, g = 26 ; some globules and fragments fused together were

collected.

A tin loire, radius 0.037, length 15, with s =z 5, g = 20
;
globules

dropped which oxidized in dancing about with the well known scin-

tillations.

A copper loire, radius 0.0253, length 16 lines, with s =: 6, (? = 20

ignited ; with q = 25, was converted into very small globules.

Larger globules could not be obtained from copper.

The charge producing perfect fusion here, is not much greater than

that which produced the first red heat. Hence, with the oxidizable

metals, the temperature is elevated by receiving oxygen from the air,

chemical effects uniting with the electrical. This is most remarkable

in iron, which often melts with charges, that directly would have

produced only a moderate ignition.

An iron loire, radius 0.0266 length 17 lines^, came to a bright red

heat with s = 3, g = 13 ; but this did not cease in an instant, as in

the other cases. The ignition increased to a white heat ; then some

globules dropping from the wire rolled about on the paper^ giving off

an abundance of sparks.

The residue of the charge remaining in the jar after the fusion of a

wire, is very considerable ; in one of Riess' experiments it amounted

to nearly 23 per cent, of the whole charge.

4. Dispersion.—The first directly visible effect of the electrical

discharge on a new wire, consists, as before remarked, in the forma-

tion of a cloud of vapor rising from the surface. It is probable that

this consists of particles of metal separated from the exterior of the

wire, the quantity depending upon the condition of the surface. By
increasing the charge beyond the point at which it would perfectly

fuse the wire, it is possible to convert the whole mass of the wire into

such a vapor. This takes place with a brilliant development of light,

and a loud report.

A platinum wire, (radius 0.0309 lines, length 15 lines,) ignited

with s rr: 5 and g- r= 13, and with 5' m 17, melted into globules. A
similar platinum wire was dissipated with brilliant light, with q =
22, and in tlie tube surrounding it appeared a gray deposit.

The same experiment was repeated in the open air, and a few lines

above the wire a plate of mica was held ; it was covered by the dissi-

pation of the wire with gray and blackish flakes, which, under a mi-

croscope of 280 magnifying power, seemed to be composed of particles

of metal of different sizes and form.

The more brittle the metals are, the more easily are they dispersed.
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§ 54. Mechanism of fusion.—Whenever electrical fusion occurs,

there is a mechanical separation of the melted mass ; hence, this

fusion is only the effect of heat upon finely divided metal. The dif-

ference between fusion by fire and electricity, Biess has characterised

as follows

:

" When fire acts on a metal, it heats the metal as an entire mass

to the melting point ; electricity, on the contrary, heats the metal (as

a whole mass) only to a temperature below the welding point, and

completes the fusion hy simultaneous dissipation and heating."

FranMin proposed in 1747, the view, which he afterwards aban-

doned, that lightning loosens the cohesion of a metal without the aid

of heat, and brings about a cold fusion. This view was taken up

again by BerthoUet, who explained the operation of electricity on a

substance, by a separation of the particles, and supposed the heat de-

veloped to fuse it, as only a secondary phenomenon.
This opinion is in some respects true, according to the experiments

just given, but it leaves entirely out of consideration the heat which,

occurs before the mechanical effect ; on the other hand, the view gen-

erally held subsequently, that electrical fusion is wholly the result of

heating, is just as one sided, for it disregards the mechanical effect.

§ 55. Changes in the coefficient of retardation of metals with

INCREASING MECHANICAL EFFECTS.—We have sccn that between the tem-

perature h of a wire, the quantity of electricity q, and the number

of jars s, the relation

h=z n —

subsists, iu which % is a constant factor during a whole series of ob-

servations. This is no longer the case when a wire in the conducting

circuit is affected mechanically by the discharges passed through it

and is brought to ignition, as appears clearly from the following

results: A platinum wire, 17 inches long, with a radius of 0.0209

lines, being inserted in addition to the thermometer, the result was :

s
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traversing the wire with uniform rapidity, while the mechanical
effects are the result, in part at least, of an interrupted transmission.

If the quantity of electricity is too great to be conducted off continu-

ously, it will accumulate in separate places at which its progress is

impeded by some cause, until it is in the condition to break through
the obstacles. Hence the increase of the coefBcient of retardation.

The places interrupting the discharge are indicated by the bending.
The retardation becomes less again by fusion, because here, at least

in part, a disruptive charge occurs.

Different kinds of transmission of electricity take place in non-
metallic substances. In discharges through the air, by means of

sparks, brushes, &c., an interrupted transmission takes place, while
the gradual passage of electricity through the air, recognized in the
laws of Coulomb, is regarded as the continuous discharge of an elec-

trified body. A battery can be perfectly, continuously, and quietly

discharged by a tube of water, but by increasing the charge a spark
•will appear in the tube, which is broken with violence—discontiuous

or explosive discharge.

That the discharge passes through water in different ways is shown
most distinctly by introducing the thermometer, together with the

tube of water, into the circuit. With four jars the result was :

Amount of E.
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