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In behalf of the Board of Regents, I have the honor to submit

to the Congress of the United States the annual report of the opera-

tions, expenditures, and condition of the Smithsonian Institution for

the year 1864.

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

JOSEPH HENRY,
Secretary Smithsonian Institution.

Hon. H. Hamlin,

President of the Senate.

Hon. S. Colfax,

Speaker of the House of Representatives.
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:
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1. The Annual Report of the Secretary, giving an account of the
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2. Report of the Executive Committee, giving a general statement
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3. Proceedings of tlie Board of Regents up to March, 18G5.

4. Appendix.

Respectfully submitted :

S. P. CHASE, aiancellor.

JOSEPH HENRY, Secretary.
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PROGRAMME OF ORGANIZATION
OF THE

SMITHSONIAN INSTITUTION.

[PRESENTED IN THE FIRST ANNUAL REPORT OF THE SECRETARY, AND
ADOPTED BY THE BOARD OF REGENTS, DECEMBER 13, 1847.]

INTRODUCTION.

General considerations ivhich should serve as a guide in adopting a Plan

of Organization,

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

Smithsonian Institution, an establishment for the increase and diffu-

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

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

the testator.

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

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

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

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

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

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

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

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

7. Knowledge can be increased by different methods of facilitating

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

sively diffused among men by means of the press.

8. To effect the greatest amount of good, the organization should
be such as to enable the Institution to produce results, in the way of
increasing and diffusing knowledge, which cannot be produced either
at all or so efficiently by the existing institutions in our country.

9. The organization should also be such as can be adopted provi-
sionally ; can be easily reduced to practice, receive modifications, or
be abandoned, in whole or in part, without a sacrifice of the funds.
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10. In order to compensate, in some measure, for the loss of time

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

a considerable portion of the interest which has accrued should be

added to the principal.

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

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

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

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

repair, and of the support of the establishment necessarily connected

with it. 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

benefited by the bequest, and that, therefore, all unnecessary expen-

diture 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 Organization of the Institution in accordance ivith the foregoing

deductions from the ivill of Smithson.

To INCREASE KNOWLEDGE. It is proposed

—

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

ing suitable rewards for memoirs containing new truths ; and,

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

researches, under the direction of suitable persons.

To DIFFUSE KNOWLEDGE. It is proposed

—

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

different branches of knowledge ; and,

2. To publish occasionally separate treatises on subjects of general

interest.

DETAILS OF THE FLAN 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 o\ vol-

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

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

examination to a commission of persons of reputation for learning in

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

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

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

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 Trans-

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

all the colleges and principal libraries, in this country. One part of
the remaining copies may be offered for sale ; and the other carefully

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

7. An abstract, or popular account, of the contents of these memoirs
to be given to the public through the annual report of the Regents to

Congress.

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

of research, under the direction of suitable persons.

1. The objects and the amount appropriated, to be recommended
by counsellors of the Institution.

2. Appropriations in different years to different objects ; so that
in course of time each branch of knowledge may receive a share.

3. The results obtained from these appropriations to be published,
with the memoirs before mentioned, in the volumes of the Smith-
sonian Contributions to 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.
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DETAILS OF THE PLAN FOR DIFFUSING KNOWLEDGE.

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

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

all branches of knowledge not strictly professional.

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

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

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

knowledge may indicate.

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

different branches of knowledge.

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

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

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

the title-page of the report.

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

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

without purchasing the whole.

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

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

stitutions, and sold to individuals for a moderate price.

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

the reports :*

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, <fec.

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

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

III. LITERATURE AND THE FINE ARTS.

9. Modern literature.

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

11. Bibliograph3^

12. Obituary notices of distinguished individuals.

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

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

*TLis part of the plan has been but partially carried out.
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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.

3. As examples of these treatises, expositions may be obtained of

the present state of the several branches of knowledge mentioned in

the table of reports.

SECTION 11.

Plan of organization, in accordance ivith tJie terms of tie resolutions of

the Board of Regents providing for the two modes of increasing and

diffusing knoivledge.

1. The act of Congress establishing the Institution contemplated

the formation of a library and a museum ; and the Board of Regents,

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

the income* into two equal parts.

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

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

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

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

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

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

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

5. The Institution should make special collections, particularly of

objects to illustrate and verify its own publications.

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

experimental science.

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

mentioned above, catalogues of all the different libraries in the

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

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

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

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

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

by donation as rnpidly 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

ca^sts of the most celebrated articles of ancient and modern sculpture.

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

Interest on the same to July ], 1846, (devoted to the erection of the buildiug). •i4'3, 129 00
Annual income from the bequest ;^>0, 910 14
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11. The arts may be encouraged by providing a room, free of

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

similar societies.

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

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

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

sides the Secretary, no permanent assistant will be required, except
one, to act as librarian.

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

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

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

employ assistants.

15. The Secretary and his assistants, during the session of 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

income between the active operations and the museum and library,

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

Resolved, That hereafter the annual appropriations shall be appor-

tioned specifically among the different objects and operations of the

Institution, in such manner as may. in the judgment of the Regents,

be necessary and proper for each, according to its intrinsic import-

ance and a compliance in good faith with the law.



REPORT OF THE SECRETARY.

To the Board of Regents of the Smithsonian Institution :

Gentlemen : The duty of presentiDg to 3^011 the annual report of

the operations and state of the Smithsonian Institution recurs, on

this occasion, under peculiar circumstances. On the 24th of last

month, the day before that designated for the annual meeting of the

Board, a fire occurred, of which an account is given in the Report

of a Special Committee. It destroyed the documents contained in

the Secretary's office, and among these was the manuscript of the

annual report, which was ready for presentation. The destruction

of this involved the necessity of rewriting the whole article, and lias

delayed its presentation until the present time.

Another circumstance which characterizes our present meeting is

that, for the first time in the history of the Institution, not one of

those who constituted the original Board of Regents is now in attend-

ance. With the exception of a single member, (Professoi: Bache,)

who is seeking in a foreign country the restoration of his health,

an entire change has taken place in the personal composition of the

Board. This change has been much more rapid during the last four

years, or since the commencement of the war. Within that period,

death has repeatedly cast its shadow over the Institution. Indeed,

the number of tho!?e connected with the establishment who have

departed this life since the epoch mentioned exceeds the number in

all the years that preceded. The death of Judge Douglas, of Illinois,

of Senator Pearce, of Maryland, and that of Dr. Felton, of Cambridge,

all prominent members of the Board, were communicated at the last

and the preceding meetings ; and I have now to add, as having oc-

curred since the last session, the death of General Totten, who was

one of the Regents named in the original act of Congress organizing

the Institution, and who continued during life to be an active member
of the Board, and by repeated election, one of the executive commit-

tee; that of Chief Justice Taney, who ever evinced a lively interest

in the welfare of the Institution, was one of the original members
of the Board, and for a long time held the ofiice of its chairman; and,

lastly, that of Judge Dayton, whose decease, in the full enjoyment of
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the honors of his high position as the representative of his country

at the court of France, we have recently been called to mourn.

Though the latter was unable to attend the meetings of the Board,

he rendered good service to the Institution in extending its reputa-

tion and promoting its correspondence abroad. Besides this mortality

among the Regents, there have also occurred in the same period four

deaths among the assistants and employes of the establishment, and

two among the honorary members, making twelve in number thus

removetl.

This rapidly recurring mortality has not failed to impress me pro-

foundly with the instability and uncertainty of life, and has led

me, in view of the late conflagration and the loss of the counsel of

those to whose generous and zealous co-operation I have been so long

indebted, to regard with more than usual solicitude the proper dis-

charge of the responsible duties which are intrusted to me as the

principal executive officer of the establishment.

Yet, however grieved at the loss occasioned by the fire, and sad-

dened by the departure of those to whom 1 have just referred, I have

not permitted myself for a moment to doubt that I shall continue to

find in the present members the same cordial co-operation and liberal

support which has characterized the guardians of the Institution for

the past twelve years. Whatever may have been the diversity of

views previous to that period, no dilFerence of opinion has since been

expressed as to the propriety of the general policy which has gov-

erned the operations of the establishment, nor has a doubt been inti-

mated as to the value of the results produced or their strict conformity

with the intentions of Smithson. This harmony is, perhaps, more

worthy of remark, when it is remembered that in the choice of the

Regents they have been designedly selected by Congress from each

of the prominent political parties of the day. 'Men of the most con-

flicting opinions meet here as on a common ground of friendly sym-

pathy, impressed with the feeling that rivalry and prejudice should

hold no sway in the presence of interests whose . universality and

permanency properly withdraw them from the sphere of popular and

temporary excitement. Hence my enforcement of the rule excluding

from the lecture-room of the Institution topics of a partisan and irri-

tating character has been fully sustained; while, at the same time,

the course which has been pursued of rendering the government in

its late trials every aid which could be supplied by scientific re-

search has been warmly approved.

As most persons are probably entirely ignorant of the services
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really rendered to the government by the Institution, I may here state

the fact that a large share of my time—all, indeed, which could be

spared from ofiScial duties—has been devoted for the last four years to

investigations required by the public exigencies. Within this period

several hundred reports, requiring many experiments, and pertaining

either to proposals purporting to be of high national importance, or

relating to the quality of the multifarious articles offered in fulfilment

of legal contracts, have been rendered. The opinions advanced in

many of these reports not only cost much valuable time, but also in-

volved grave responsibilities. "While, on the one hand, the rejection

of a proposition would be in contravention to the high importance

claimed for it by its author, on the other the approval of it would per-

haps incur the risk of the fruitless expenditure of a large amount of

public money. It is not necessary, I trust, to say that the labor thus

rendered was entirely gratuitous, or that in the judgment pronounced

in any case no regard was paid to the interested solicitations or per-

sonal influence of the parties concerned; on the contrary, it has in

some instances resulted from the examination of materials sold to the

government that attempted fraud has been exposed and the baffled

speculator received his due reward in condemnation and punishment.

These facts, it is thought, will be deemed a sufficient answer to

those who have seemed disposed to reproach the Institution with the

want of a more popular demonstration, but far less useful or efficient

aid in the support of the government.

At the close of 1864 the affairs of the Institution were in a highly

prosperous condition. It will be seen by a reference to the report

of the executive committee that

—

First. The whole amount of money originally derived from the

bequest of Smithson is still in the treasury of the United States,

bearing interest at six per cent., paid semi-annually, and yielding

$30,910.

fiecond. Seventy-five thousand dollars of an extra fund are in

bonds of the State of Indiana, at five per cent, interest, also paid

semi-annually, yielding $3,750.

Third. Fifty-three thousand five hundred dollars of the same fund

are in bonds of the State of Virginia, twelve thousand in those of

Tennessee, and five hundred in those of Georgia, from which nothing

has been derived since the commencement of the war.

Fourth. A balance of upwards of $29,000 is now in the hands of

the treasurer of the Institution. The only difference in this state-
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ment and that of last year is that the balance now in the hands of

the treasurer is $2,500 less than before. This difference is mainly

due to the increase of prices and the consequent necessity of a greater

expenditure in carrying on the ordinary operations.

In view of the great expenditures of the government on account of

the war, the Institution did not at first claim, as it might reasonably

have done, to have the annual income from the original bequest paid

in specie, as all the older funded debts of the United States are paid.

But since a large outlay will be required to repair the damages caused

by the fire, the necessity could not be avoided of calling the atten-

tion of the Secretary of the Treasury to this measure. That this

claim is a just one was the unanimous opinion of the Board of

Regents, and among them of Chief Justice Chase, and in accordance

with the instructions of the Board I have presented this matter to

the department. It was referred by the Secretary to his legal ad-

viser, the Solicitor of the Treasury, who has decided that in accord-

ance with the usage of the government the Institution is entitled to

receive the interest from the original bequest of Smithson in coin.

The premium on this will therefore, in future, increase the balance

in the hands of the treasurer.*

It was mentioned in the last report that a part of the original be-

quest, amounting to ,£5,015, was left by Mr. Rush in England as the

principal to secure an annuity payable to the mother of Smithson'

s

nephew. The annuitant having died, a power of attorney was sent

in November, 1862, to Messrs Fladgate, Clark and Finch, (the same

firm originally employed by Mr, Rush,) to collect the money. After

a considerable delay, arising principally from technical difficulties,

the money was obtained and deposited to the order of the Institution,

with George Peabod}^ & Co., bankers, London. It was subsequently

drawn through the agency of the Secretary of the Treasury, and, in

accordance with the law of Congress directing that the money of the

Smithsonian bequest should be invested in United States securities,

it Avas expended in the purchase of government Ijonds, bearing in-

terest at the rate of 7^- per cent. The amount realized in bonds of

this denomination, at par, was |54, 150. It was at first supposed that

this money, or at least the interest upon it, could immediately be ap-

plied to the uses of the Institution, but from a critical examination

of the enactments of Congress in reference to the Smithsonian fund,

* The premium on the coin received since the presentation of the report, on account of the

interest due 1st January, was ^7,472 70, which sum added to $29,484 08 gives $36,956 78

as the amount in the hands of the treasurer
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it was found that the appropriation of the bequest by the act organ-

izing the establishment in 1846, related only to that part of the be-

quest which had already been received, and made no provision for

the disposition of the residuary legacy which has just become avail-

able. It can scarcely be doubted, however, but that Congress in-

tended to appropriate the whole of the bequest to the maintenance

of the establishment ; still, for this purpose, a special act will be

required, and it is desirable that the sum recently received be de-

posited in the treasury on the same condition with the amount origi-

nally obtained, that the interest alone shall be subject to expenditure.

In this connexion it is proper to remark that Mr. Peabody, who
received the deposit of the fund, so far from claiming the usual com-

mission, allowed four per cent, on the money while it remained in his

hands.

It will be seen from what follows in this report that all parts of the

programme have been prosecuted during the past year with as much
energy as the means at our disposal would permit, and that although,

in some particulars, not as much has been accomplished as in pre-

vious years, the inequality will, it is hoped, be attributed, as it is

properly referable, to the difficulties under which the Institution, in

common with the whole country, has been laboring.

Puhlioations.—The whole number of pages issued during the year

amount to 872 quarto and 1,657 octavo.

The thirteenth volume of the Contributions has been distributed to

public libraries, and the fourteenth is nearly completed, and will be

published in the course of a few months. It will consist of the fol-

lowing papers :

1. The third and fourth series or concluding parts of the discus-

sion of the magnetic and meteorological observations, made at the

Girard College observatory, Philadelphia, by Professor A. D. Bache,

Superintendent of the United States Coast Survey.

2. On the construction of a silvered glass telescope, 15^ inches in

aperture, and its use in celestial photography, by Dr. Henry Dra-

per, of the University of New York.

3. A memoir on the paleontology of the Upper Missouri, by F.

B. Meek and F. V. Hayden.—Part 1.

4. A memoir on the cretaceous reptiles of the United States, by

Dr. Joseph Leidy, of the University of Pennsylvania.

It was intended that Dr. Dean's paper on the medulla oblongata,

described in the last report, and partially distributed in separate num-
2s
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bers during the year, should form a part of this volume ; unfortu-

nately, however, the plates intended for its illustration were destroyed

in the fire, and its place in the volume has been supplied by the fourth

article, which has since been presented for publication.

In the reports for the last three years an account has been given

of a series of papers containing the deductions from the magnetic ob-

servations at Girard College, Philadelphia, by Professor A. D. Bache,

Superintendent United States Coast Survey. The whole of this series

of papers was divided into four sections, each containing three parts.

The object of the whole series is to present the results deduced from

the changes observed in the direction and intensity of the magnetic

force of the earth as apparently affected by the position of the sun

and moon relative to the earth and to each other.

The first section related to the disturbances in the line of the de-

clination, or of the fitful variation, as it is called, of the magnetic

needle, and to the regular variations of the declination.

The second section related to the variation in the intensity of the

magnetic force of the earth, estimated in a horizontal direction.

The third section related to the same force as estimated in a verti-

cal direction.

The fourth section relates to the perturbations or fitful changes in

the direction and intensity of the total magnetic force of the earth

as estimated in the direction of the dipping needle.

The first three of these sections have been described in previous

reports, and it now only remains to give an account of the fourth and

last.

The data for the deductions given in this section are the quantities

observed in the variations of the horizontal and vertical components

of the magnetic force, expressed in minute scale divisions corrected

for progressive changes in the magnetism of the bars and for changes

due to temperature. The object of the investigation was to deter-

. mine the law of the great disturbances to which the total intensity

and direction of the magnetic force of the earth is subjected. It is

well known that the intensity and direction of the magnetic force of

the earth do not remain the same from hour to hour, but are subject

to regular fiuctuations connected with the day and the season, and

also to larger perturbations, which have until lately been considered

fitful, and have therefore received the name of magnetic storms. The
special object of investigation of the first part of the fourth series is

to ascertain the average character of the largo disturbances, and to
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deduce, if possible, the law by which they are governed. This is

the most intricate part of the whole series, and is the final object to

which the preceding investigations were preparatory. From a care-

ful study of all the observations on the dip, it was found that 1,446

might be considered as giving abnormal values, and of the total force

of the earth's magnetism 1,470 indicated abnormal changes, which

amounted to about one-fifteenth part of the whole number of obser-

vations. These abnormal disturbances were analyzed in relation to

their frequency during the hours of the day, the month of the year,

and successive years ; they were also studied as to their tendency to

exhibit an increase or diminution in their variations and the times of

the greatest and least action in relation to the periods above men-

tioned. This part ends with a table of the relative magnitude of the

disturbances and a comparison of those of Toronto and Philadelphia,

from which it appears that in some cases there is an agreement in

the character of the simultaneous changes in the two places, and at

others not.

The second part of the fourth section treats of the solar diurnal

and annual inequality of the dip and total force, that is, of the changes

due to the sun which take place in the dip and total force from

hour to hour and from month to month. In this investigation all the

greater perturbations are omitted and the laws of the simpler

or more normal changes are sought. The diurnal changes in the dip

are shown analytically and graphically for each month and for the

whole year. The general character of the curve exhibits a maxi-

mum at about 11 a. m. and a minimum at about 5 a. m., with a range

of one minute and two-tenths—a quantity too minute to be recognized

by the ordinary dip circle, and which can only be observed by the

differential reflecting instrument. In summer the epochs occur ear-

lier, with a range of a minute and a half, while in winter they occur

later, with a range of only one minute. There is also a secondary

fluctuation of small magnitude. The diurnal deviation of the dip is

greatest about the time of the equinoxes, and of these maxima that

of the winter is the least. The diurnal changes in the total force as

deduced from the average of the year are represented by a single

crested curve, but from the average of the observations in winter

alone this assumes the form of a double curve. The principal maxi-

mum as deduced from the whole year coincides with the hour of

2 p. m., and in winter occurs about an hour and a half earlier. The
principal minimum coincides with 10 p. m., and occurs in winter about

two hours earlier. This part ends with an attempt to deduce from

the data the annual changes in dip and intensity. The result, how-
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ever, is not entirely satisfactory on account of the large disturbances

due to variations of temperature, changes of the magnetism and ad-

justment of the instrument.

The third part of the fourth section, or the twelfth part of the

entire series, contains the result of the observations made with a

portable dip circle constructed by Robinson, of London, the same

w^hich had been previously used by Professor Bache in his magnetic

observations in Pennsylvania and adjacent States, and also in Europe.

The observations were made weekly during a period of nearly two

and a half years; the monthly and annual mean observations of the

dip were tabulated and were found to indicate an annual decrease of

one minute and two-tenths in this element. The same paper con-

tains a collection of observations on the dip at different points in

Philadelphia by different observers, from which a similar change in

the dip has been deduced. The least dip occurred in January, 1840,

and increased for several years after that date. It is probable, how-

ever, from some subsequent investigations by Mr. Schott of observa-

tions at other places, that the minimum obtained at Philadelphia,

above mentioned, was of a secondary character, and that a still

smaller dip will hereafter be observed. But this point will be cleared

up in a few years by observations now in process of collection. The

discussion of this part, and indeed the whole of the series, ends

with a table of magnetic constants for Girard College, namely: of

the declination, or variation, as it is sometimes called; of the dip;

of the horizontal, vertical, and total force, all expressed in absolute

measures, for five different epochs and for one mean epoch, that for

January, 1843. for which the declination is 3° 32' W., the dip 71° 59'

N., the horizontal force 4.173, the vertical force 12.83, and the total

force 13.49, in units of one foot, one grain, and one second of mean

time.

From all the investigations on this subject up to the present time

we may infer, first, that the earth is a great magnet, having a natural,

and in one sense a permanent, polarity; second, that this polarity

is disturbed in intensity and direction by the varying effect of the

heat of the sun; third, that the magnetism of the earth is affected

by that of the sun and moon; and fourth, it is probable that magnetic

polarity is common to all the bodies of the solar system.

The second paper in the thirteenth volume of the Contributions—

that on the silvered glass telescope—is fully described in an article

at the end of this report, copied from the "Intellectual Observer,"

of London.
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The third paper in the volume, on the palasontology of the Upper

Missouri, was described in the last report. It occupies 158 pages,

and is illustrated by five plates of figures engraved on stone.

A full account of the fourth paper, on the cretaceous reptiles of

the United States, as given by the author, is also appended at the

close of this report,

MisceUaneoics Collections.—On account of the continued increase in

the price of printing and paper, and the unexpected length to which

some of the works were tending, I thought it advisable to suspend,

for the present, the general publication of this series. Of the list

of works it comprised, as given in previous reports, the only ones

published since the last session of the Board are the second part of

Binney's Bibliography of American Conchology, Meek's Check Lists

of Fossils, and the supplement to Loew's Diptera.

The first of these contains an account of the writings of foreign

naturalists relative to American conchology, and also additions and

corrections of the first volume, with a copious index of authors and

names of species. It forms an octavo volume of 300 pages.

The second work consists of check lists of all the species of creta-

ceous, Jurassic, and miocene invertebrate fossils of North America
which had been described up to the end of 1863. These constitute an

important aid in the labor of cataloguing and labelling collections.

The manuscript of another number of the same series, prepared by

Mr. Conrad, of Philadelphia, has been received. It gives a list of the

eocene invertebrate fossils, and, as the work is much wanted to assist

in the distribution of specimens, it will be put to press immediately.

The other article of the Miscellaneous Collections published during

the past year is the supplement and completion of the second part

of the monograph of the Diptera of North America, by H. Loew.

A general account of the work on the diptera (comprising flies, mus-

quitoes, <fec.) is given in the report for 18G1. This order of insects

has perhaps a wider distribution than any other known, and, from

the variety and the minuteness of the specimens, is difficult of study

and classification. Before attempting to give a monograph of the

whole order, it was thought proper to print a catalogue of all the

genera which had been described, and this work (prepared by Baron

Osten Sacken) was published in 1858. The preparation of the mon-

ograph was intrusted to Dr. H. Loew, of Meseritz, Prussia, one of

the most eminent naturalists in this line now living.

In the first part of this work is an essay on the terminology of
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diptera, a sketch of tlie systematic arrangement of the order, with

the genera found in North America. It occupies 221 pages, and is

illustrated hy two plates. The second part is occupied with a mono-

graph of the American Dolichopodidse, For a large portion of the

materials on which both parts of this work are based the Institution

is indebted to the liberal assistance of Baron Osten Sacken, though

some interesting species were communicated to Mr. Locw by Mr.

Le Baron, of Illinois, and by Professor Macklin, of Helsingfors, col-

lected l3y Mr. Sahlberg. The types of a collection were also lent to

him by the directors of the Ho/ Naturalien Kabinet, of Vienna.

Although the materials placed at the disposal of the author were

large, they did not reach the extent desired for the preparation of a

complete monograph. The hope is, therefore, expressed that ad-

ditional collections will be made to complete the work, and for this

purpose the request is earnestly urged on all North American col-

lectors who take an interest in this order of insects, to favor the

enterprise by sending specimens to the Institution, which may be

transmitted to Dr. Loew.

The fauna of North American Dolichopodidf© far exceeds the

European in the variety of forms and in the number of species.

A striking circumstance connected with this class of insects as found

in North America is their remarkable analogy to the remains of the

fossil fauna of the same family preserved in amber. In both there

is the same abundance of species of a particular genus, difficult to

distinguish on account of their close resemblance. It would appear

from this, that if there is a gradual variation of species under varjnng

conditions of existence, this variation has been less in regard to

American insects of this class than in those of Europe. It is import-

ant in the progress of science not only to trace the limits of different

faunas, but to compare those of a similar class in different countries.

At present, however, this cannot be done with any degree of pre-

cision, except in the case of the American and European insect

fauna. In this case it is distinctly perceived that the two approach

each other in the species of several genera, while in others the

species are identical, and again those which are identical in both are

very unequally represented in the two countries. Of the species

common to Europe and North America, it is no^. improbable that

some of them should have been accidentally imported in ships from

the former.

The second part, including the supplement, consists of 371 pages,

and is illustrated by five plates.
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Two other works of the same series were completed, and would

have been immediately published had the manuscripts not been de-

stroyed by the fire. The first of these was a monograph of the

Myriapoda, by Dr. H. C. Wood, and the other a monograph on the

Limnobina, by Baron Osten Sacken.

Reports.—The annual reports to Congress are printed at the expense

of the government as public documents, with the exception of the

wood-cuts, which are furnished by the Institution; and it is gratifying

to be able to state that for a number of years there has not been a

dissenting vote in Congress on the adoption of the order to print the

usual number of ten thousand extra copies of this work. The manu-

script of the report for 1863 was unfortunately mislaid at the Capitol,

and the public printer was therefore obliged to delay the publication

on account of other more pressing demands of the departments of the

government. It is much to be regretted that at the recent fire at

the Institution all the copies of the reports on hand for general

distribution to individuals were destroyed, so that at present it

will be impossible to supply the many applications which are made

for copie-4 of the back volumes of the series. The reports for 1861

and 1862 were stereotyped, and when the cost of press-work and

paper is reduced to its normal state, a new edition of these may be

struck off and disposed of at the mere price of production.

The report for 1863 contains in the appendix a course of lectures

on the principles of linguistic science, by Professor W. D. Whitney,

of Yale College; a eulogy of Beautemps-Beaupre, translated by C. A.

Alexander, esq., a continuation of the series of memoirs of distin-

guished members of the French Academy of Sciences; an account of

the origin and history of the Royal Society of London, prepared by
the same; an exposition of the modern theory of chemical types,

by Dr. Charles M. Wetherill; an original article on the method of

preserving Lepidoptera, with illustrations, by Titian R. Peale, esq.

;

an account of a remarkable accumulation of bats at the residence, in

Maryland, of M. Figaniere, Portuguese minister; a number of articles

on ethnology, giving an account of ancient remains in various parts

of America and Europe. There are also a number of translations

made expressly for the Institution, viz : researches on the phenomena
which accompanied the propagation of electricity in highly rarefied

elastic fluids, by Professor de la Rive; report on the proceedings of

the Society of Physics and Natural History of Geneva, by Professor

Marcet; the commencement of Plateau's researches on the figures of
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equilibrium of a liquid mass withdrawn from the action of gravity;

an account of the history of discovery relative to magnetism; recent

researches relative to the nebulse, by Professor Gautier; an article

from the annals of the Observatory at Madrid, by Miguel Merino, on

the investigations made to determine the form and volume of the

earth; Arago's account of aeronautic voyages performed with a view

to the advancement of science, to which is added from an English

publication Mr. Glaisher's account of his recent ascensions in Eng-

land; the first part of an interesting and valuable account of the ab-

original inhabitants of the Californian peninsula, by Baegert, a Jesuit

missionary who lived there seventeen years during the second half

of the last century; and an article from a German scientific periodical

on purple and azure dyeing in ancient and modern times. At the end

of the volume a few of the more important tables of weights and

measures, especially needed for reference in some of the preceding

articles, have been added.

Ethnologij.—The publications of the Institution relative to eth-

nology during the past year are those given in the appendix to the

last report, the most important of which is a translation by Professor

Rau, of an account of the aboriginal inhabitants of the Californian

peninsula, by Baegert, a German Jesuit missionary. The book from

which this translation was made was published in Germany in 1773,

and is now very scarce and almost unknown in this country. It will be

considered, we doubt not, at this time, an interesting contribution to

the ethnology as well as the early history of a part of the world which

has of late years occupied so much of the public attention. Mr. Rau
has not given a translation in the strict sense of the word, but a re-

production of the work only so far as it relates to ethnological matters,

his object being to rescue from oblivion facts relating to the history

of a portion of the American race. The second part of this work will

be published in the appendix to the present report.

There is a growing taste for the study of ethnology in this country,

and consequently a desire to form collections illustrating the condition

of the American aborigines in different parts of the continent. In

order to encourage this tendency, and to bring together for critical

study and comparison the scattered specimens which exist in this

country, the Institution has requested, either as a gift or a loan,

specimens of the arts and other remains found in mounds, excavations,

or on the surface of the ground; and with the assistance of Professor

Matile, formerly of the University of Neufchatel, commenced in 1863
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the preparation of a series of moulds from which casts are made for

distribution and exchange. In carrying on this work we have been

favored with a large collection of specimens of Mexican art, principally

images and masks, by the American Philosophical Society, of Phila-

delphia, from which moulds have been taken. The prosecution of

this work has been temporarily suspended, but will be resumed as soon

as facilities and means for its prosecution can be provided. In this

connexion we would renew the request which we have made in pre-

vious reports, that descriptions of all mounds or aboriginal earthworks

which may be discovered may be sent to the Institution for the pur-

pose of furnishing the materials for a work at some future time on th©

distribution and migration of the ancient inhabitants of this continent.

In order to preserve and render generally accessible the information

which may be obtained in this way, it will be published in the ap-

pendix to the next succeeding annual report after its reception.

3Ieteorology.—It has been mentioned in previous reports that the

second volume of the results of meteorological observations made under

the direction of the Smithsonian Institution and the Patent Office, from

the year 1854 to 1859, was in press, and that its completion was de-

layed by the unusual amount of printing required by the necessities

of the public service to be executed at the Government Printing

Office. It was thought best, therefore, to issue the portion already

printed, without waiting longer for the other material which it had

been intended to embrace in the volume. This portion, forming a

quarto volume of more than five hundred pages, was consequently

bound and distributed during the past year. It is divided into two

parts, each occupying about half the volume. The first relates to

the periodical phenomena of plants and animals from 1851 to 1859,

inclusive, embracing observations upon the foliation of eighty-seven

species, the blossoming of ninety-two, the ripening -of fruit of ten,

and the defoliation of eighteen species of plants, and upon the first

appearance of sixteen species of birds, one of reptiles, three of fishes,

and two of insects. These results have a direct application to me-

teorological science, by indicating the progress of the seasons in dif-

ferent localities, and their relative variability in different years. To
these have been added several tables of the opening and closing of

lakes, rivers, canals, and harbors, collected from various sources,

and tending to illustrate the same leading features of climate as the

records of organic phenomena. The materials were furnished chiefly

by the regular Smithsonian observers, and were arranged and pre-

pared for publication by Dr. Franklin B. Hough, of Albany, N. Y.
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The latter half of the volume is occupied with materials for the

critical study of three storms in 1859, one of which occurred in March

and the other two in September, collected from the records of the In-

stitution, and prepared for publication by Professor J. H. Coffin, of

Lafayette College, Baston, Pennsylvania. One of the important ob-

jects aimed at in establishing the meteorological observations of the

Smithsonian Institution was the collection of data for .the critical ex-

amination of the development and progress of the extended commo-

tions of the atmosphere which occur during the autumn, wdnter, and

spring, over the middle or temperate portions of North America. It

is well known that two hypotheses as to the direction and progress

of the wind in these storms have been advocated with an exhibition

of feeling unusual in the discussion of a problem of a purely scien-

tific character, and which, with sufficient available data, is readily

susceptible of a definite solution. According to one hypothesis the

motion of the air in these storms is gyratory; according to the other it

is in right lines toward a central point, or toward an irregular elon-

gated middle space. It is hoped that the data here given will be

considered of importance in settling, at least approximately, these

questions as to the general phenomena of American storms.

These two quarto volumes of meteorological results jor the six

years 1854 to 1859 inclusive, embracing nearly two thousand pages,

together with a volume covering very nearly the same period of time

published by the War Department, probably form an unsurpassed

body of materials for the investigation of meteorological phenomena

over so wide an extent of country. The tables of the War Depart-

ment embrace nearly two hundred quarto pages of reductions for five

years, 1855 to 1859, inclusive, and form an appendix to the "statis-

tical report on the sickness and mortality in the army of the United

States," published in 18G0, compiled by Assistant Surgeon R. H.

Coolidge, under the direction of Dr. Lawson, Surgeon General United

States army. The original records, both in the Smithsonian Institu-

tion and War Department, from which the results contained in these

three volumes were deduced, are open to the examination of persons

who wish to make investigations more minute, or of a more extend.ed

nature than can be embraced in general tables.

It is regretted that we have not the means at present of continuing

the reduction of all the records as received from the observers, and

of publishing the results. This want, however, is supplied to a

limited extent by the publication of the reductions of temperature and
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rain in the monthly report on the state of the crops and the weather,

issued by the .Agricultural Department, between which and this In-

stitution the relations mentioned in the last report have been main-

tained through the past year. To save postage, the blank forms

have been sent out and the registers returned through the frank of

the office of the Commissioner of Agriculture. The monthly bulletin

above referred to, which is printed at the expense of the same de-

partment, continues to be received by the public with much favor
;

and, by means of its extensive distribution, presents the meteorolo-

gical tables to a much larger circle of readers than is comprised in

the list of our observers, awakening, to a corresponding extent, an

interest in the subject of meteorology. This branch of science is

receiving increased attention from year to year, and a larger number

of individuals are devoting time and talent to efforts for unfolding

the laws which control the formation and movement of vapor, winds,

and change of temperature in all parts of the world. Meteorology

has ceased to be a mere record of isolated facts. The special

characteristic of modern efforts in this line consists in extended co-

operation, and in determining the simultaneous condition of the

atmosphere over extended regions of country. It is only by this

means that the laws which govern the occurrence, motion, direction,

and propagation of the disturbances of the atmosphere can be ascer-

tained. By comparisons of this kind isolated observations of other-

wise little value become important, and afford an ample field in the

cultivation of which any person who will take the trouble to record

the direction of the wind, the beginning and ending of rain, snow,

hail, the time of blossoming of trees, appearance of birds, insects,

&c., may render valuable service.

The daily record of meteorological observations telegraphed to the

Imperial Observatory at Paris, and published in a lithographed sheet,

continues to increase in interest and importance under the active

and enlightened superintendence of M. Le Verrier, director of the

observatory. From being the medium simply for the circulation of

telegraphic notices of the weather, it has become, in addition, a

repository of valuable meteorological summaries, communications,

criticisms, and announcements. The outline chart of Europe, with

the curves of equal barometric pressure and direction of the wind at

the different stations on the day of publication, and also a table of

the estimated weather for the following day, continue to be inserted

in every number. The title of the publication is now '

' International

Bulletin of the Imperial Observatory of Paris.' ' It occupies more than
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twelve hundred folio pages yearly, at a subscription price of thirty-six

francs.

The Institution has also received a similar meteorological bulletin

from the Royal Observatory at Palermo. In the first number of this,

a plan is proposed for distributing simultaneous meteorological obser-

vations similar to that which was adopted previous to the war by the

Smithsonian Institution, viz : that of furnishing the most important

telegraphic stations with meteorological instruments, and instructing

the principal telegraphist, or one of his assistants, in the process of

making observations. A thoroughly organized system of this kind

over the whole United States, with a series of directions for predict-

ing the weather at a given place from a knowledge of the condition

of the atmosphere at distant points, would be of vast importance to

the maritime and agricultural interests, particularly along the Atlan-

tic sea-board. It is hoped that as soon as order is restored and peace

fully re-established throughout the southern portion of the United

States, the system will be revived under still more favorable auspices.

An important addition to the means at the command of the Insti-

tution for this purpose has been furnished by the liberal action of

the North American Telegraphic Association, in giving the free use

of all its lines for the scientific objects of the Institution. The asso-

ciation embraces the Western Union, the American, the Montreal,

the Southwestern, and the Illinois and Mississippi Telegraph Com-

panies, covering the entire United States and Canada, including the

overland line to San Francisco, which, by its charter, is required to

transmit without charge scientific despatches for the Institution.

The telegraph companies on the Pacific coast have also liberally

granted the same privileges.

I am happy to state in this connexion that efforts have been made

to revive and complete the meteorological observations which were

collected by the Naval or National Observatory. The records from

the log-books of the commercial and naval marine collected under

the direction of the former superintendent, though imperfectly, and

in many cases erroneously interpreted, were valuable contributions

to the materials from which the true theory of the general motions

of the atmosphere are to be deduced.

The lake system of meteorology is still kept up under the new

superintendent. Col. Raynolds, though the Institution has not re-

ceived the copies of the registers for the past year.

The State Department has furnished the Institution with several

meteorological contributions forwarded to it by consuls in foreign
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countries. Among them are observations made at Constantinople

for the year ending September, 1863 ; daily telegraphic reports of

the weather in Europe, communicated to the Central Physical Ob-

servatory at St. Petersburg, Russia, for the year ending September,

1864, translated and compiled by Mr. Edwin Phelps, United States

consul ; meteorological review for the year 1864, from observations

at the Leprosy hospital of Lungeguard in the city of Bergen, Norway,

reduced by O. E. Dreutzer, United States consul ; monthly tables

for a part of the year 1864, from the consul at Turk's Island, West
Indies. If all the American consuls in foreign countries would

collect and send to the State Department local publications contain-

ing meteorological tables, many valuable additions might be furnished.

The Navy Department, as heretofore, has transmitted to the Insti-

tution monthly reports kept at the naval hospitals at Chelsea, New
York, and Philadelphia.

A circular and a chart of stars prepared by the Connecticut

Academy of Arts and Sciences was published by the Smithsonian Insti-

tution, and distributed to its observers for the purpose of obtaining

records of the meteors that might appear on the night of November
13-14, 1864, but the general cloudiness of the night prevented the

attainment of any valuable results.

The three rooms in which the meteorological records were kept

•were destroyed by the fire on the 24th of January, 1865. Owing to

the great rapidity with w^hich the fire progressed much valuable ma-

terial was lost, but fortunately the larger portion of the contents of

the rooms were saved. Among the articles lost were the principal

instruments used at the Institution for meteorological observations,

including the self-registering apparatus for recording the direction

and velocity of the wind, constructed by Dr. Smallwood, of Montreal,

and partially described in the Smithsonian reports for 1856 and 1860.

It had been in operation since 1858. All the records kept by it were

lost. As soon as a minute investigation can be made as to the miss-

ing sheets of the general records, a list of deficiencies will be

published, and it is hoped that a portion at least of these may be
restored by copies of the duplicates retained by the observers.

Laboratory.—During the past year the laboratory has been in

charge of Dr. Charles M. Wetherill. The experiments mentioned in

the last report on materials for light-house illumination have been
continued, and a series of examinations has been made of different

substances submitted for that purpose by the government. The most
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extended series of experiments, however, has been that which relates

to the condition of the air, and the mode of ventikition of the United

States Capitol. This subject was referred by Mr. Thomas U. Walter,

the architect of the Capitol, to the Secretary of this Institution.

The plan of the investigation having been determined, the experi-

ments have principally been made by Dr. Wetherill. The result of

this investigation, it is believed, will not only throw additional light

on the points for which it was instituted, but also form an interesting

addition to the subject of ventilation. The work in the laboratory,

also by Dr. Wetherill, comprised various researches upon subjects of

chemical science. Of these, three, viz.: "On the nature of the so-

called ammonium amalgam;" "On the crystallization of sulphur;" and

"On the crystalline nature of glass," will be published shortly in one

of the scientific journals of the country. The means for carrying on

physical research at the Institution have been ^naterially diminished,

on account of the destruction by fire of the very valuable collection

of physical apparatus. Fortunately the conflagration did not extend

to the laboratory, and consequently the chemical apparatus was pre-

served.

Collections of specimens of natural history, &c.—The work of making

collections of specimens of natural history has been prosecuted as in

previous years. A very large collection of mammals, birds, eggs,

&c., made in the northern part of British America in 1863, princi-

pally by the ofiBcers of the Hudson's Bay Company, has arrived at

Fort Garry, and is expected soon to be received in Washington.

Collections have also been received from Labrador, Puget's sound,

and from various parts of the United States, Central America,

Mexico, and the West Indies, a detailed account of which is given in

the annexed report of Professor Baird. Advantage has been taken

of every exploring expedition which has been sent out by govern-

ment, and in many cases of the assistance offered by officers of the

army, particularly of the medical department, for adding new mate-

rials or duplicate specimens to the collections. The great object, as

has been frequently stated before, of this work, is to obtain the ma-

terials for an extended knowledge of the natural history of this c'on-

tinent, and to furnish 'illustrations of type specimens to museums,

colleges, and other educational establishments.

The whole number of specimens catalogued during the last twelve

years is upwards of 100,000, and including duplicates, the whole

number collected will amount to five times that amount.
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The distribution of duplicates has been continued as rapidly as the

identification and labelling could be accomplished. In this distribu-

tion regard has been had to the relative geographical positions of the

establishments to which the first sets of specimens have been sent as

well as to their importance as influential centres of higher education.

According to the statement of Professor Baird, it will be seen that

already upwards of 16,000 specimens have been distributed during

the year, and efforts will be made during the season to increase this

number. The importance of this branch of operations depends more

upon what the Institution is enabled to distribute than on what it

accumulates for permanent preservation.

3Iuseum.—The type specimens of the museum have been gradually

increased during the past year, not only from the collections made

by the Institution, but also from donations received from abroad, par-

ticularly as regards rare birds, eggs, fossils, and animals. The Euro-

pean specimens of ornithology were requested for the purpose of

enabling Professor Baird by comparison to prosecute his work on

American birds.

Previous to the fire the large room partly occupied by the Stanley

collection of Indian portraits had been fitted up with about two hun-

dred feet of cases around the walls, to receive the ethnological speci-

mens in possession of the Institution. While engaged in re-arranging

the pictures above these cases, the workmen, with a view to their own
comfort, unfortunately placed the pipe of a stove in a ventilating flue

which opened under the roof, and thus caused the conflagration which

destroyed the upper part of the main building. Fortunately none

of the ethnological articles had been placed in this room, and conse-

quently these specimens, with those of the museum and of the general

collections, have been preserved.

Exchanges.—The system of international literary and scientific ex-

changes has been continued during the past year with unabated

energy, and on the part of the Institution exclusively, several hun-

dred sets of its publications, each embracing 1,782 pages, have been

sent to foreign institutions.

According to the tabular statement given by Professor Baird it ap-

pears that, during the year 1864, there have been despatched to

foreign countries 1,011 packages, each containing a number of articles,

enclosed in sixty-three boxes, measuring 546 cubic feet and weighing

20,500 pounds. The number of packages received in return for

societies and individuals in this country was 2,482 (nearly twice as

many as in 1863) exclusive of those for the Smithsonian library.
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Library.—The library has continued to increase, principally by
the addition of all the current transactions of societies and of scientific

journals. By exchanges there have been received 645 octavo, 153

quarto, and 25 folio volumes, 2,754 pamphlets and parts of volumes,

and 109 maps and charts—total 3, 686. In the appendix to this report

will be found a list of the foreign societies and individuals which have

made donations to the library of the Institution, with the number of

works received from 1860 to 1864.

Lectures.—Up to the occurrence of the fire no lectures had been

given this season; indeed, on account of the increased expenditures

incident to the advance of prices, it was thought advisable to diminish

the number of lectures, since this part of the operations of the estab-

lishment has not been considered of so much importance as other sec-

tions of the general plan of organization. It can scarcely be doubted

that the publication in the late annual reports of synopses of the

lectures has been of more service in the diffusion of knowledge than

their delivery in the hall of the Institution, and that their place may,

with equal advantage, be supplied by occasional and popular exposi-

tions of certain subjects in a similar form.

The foregoing is the substance of what was intended for presenta-

tion to the Board of Regents as an exposition of the statS of the In-

stitution at the close of 1864, and of what had been accomplished

during that year in the way of carrying out the programme of organi-

zation. On account of the burning of the original draft of the report,

and of a large portion of the records of the establishment, the state-

ments are not as full in some particulars as they would have been

had they been prepared under more favorable circumstances, but the

deficiencies in this respect can be made up in the report for next

year.

The danger from fire at the Institution has been to me, from the

commencement of the occupancy of the building, a source of constant

and anxious solicitude. The combustible character of the two wings,

of the two connecting ranges, and of the interior of the towers.,

together with the plan of heating originally adopted, rendered an

accident by fire far from improbable, and led me to enforce a system

of vigilance, the strict observance of which I hoped would insure

safety. The flame, however, was communicated at a point where

danger was least suspected, and through one of those contingencies

against which all circumspection is unavailing.
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But, although greatly to be regretted on account of the losses in-

curred, the accident is not without compensation in considerations of

a difierent nature ; thus, it has served to call forth the expression of

a large amount of kind feeling in regard to the Institution, to direct

the attention of Congress to the character and importance of its opera-

tions, and has thus, perhaps, furnished the opportunity of remedying

some of the defects in the original law of its organization, which were

the result of the novelty of the enterprise or the desire of reconciling

inconsistent propositions. Immediately after the fire, as is well

known to the Board, a committee of the two houses of Congress was

appointed to inquire into its origin, the loss sustained, the means

necessary to repair the building, and to collect such facts in connex-

ion with the whole subject as might be of public interest. This

committee, after adopting the report of the special committee of the

Board"'^ as to the origin of the fire, called upon the Secretary for a

detailed statement of the origin and objects of the Institution and of

its operations from the beginning, in connexion with the policy of

the Regents and his own superintendence of its affairs.

In pursuance of this request I submitted to the committee a gen-

eral review of the more prominent facts connected with the adoption

of the plan of organization, and of what has been since accomplished

towards realizing the views of the founder and the wishes of the

friends of the Institution. Although this review may give facts

familiar to some of the members of the Board and to those who

have directed any special attention to the history of the estab-

lishment, it may well be inferred from occasional remarks, not only

in the journals of the day, but on the floor of Congress, that there

is no little need of the repetition of statements tending to correct

misconceptions which arise, no doubt, much oftener from inattention

than from prejudice. It is for this reason, and to keep before the

public mind distinct ideas of the character and operations of the In-

stitution, that I append, as the concluding portion of this report, the

statement, somewhat expanded in the introduction, which I had the

honor of laying before the Joint Committee of Congress.

SKETCH OF THE ORGANIZATION AND OPERATION OF THE INSTITUTION.

The founder of this Institution, James Smithson, was a graduate of

the University of Oxford, devoted during a long life to the advance-

ment of science, and the author of a number of original contributions

to geology, chemistry, mineralogy, &c. He was well acquainted with

* See proceedings of the Board.

3 s
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original research in the various branches of knowledge, and had doubt-

less a proper appreciation of the good which might be effected by

founding an institution especiall}^ adapted to advance this object.

He accordingly intrusted his property to the United States to found

an establishment " under' the name of the Smithsonian Institutionfor the

increase and, diffusion of knoivledge among menJ^ He evidently did not

intend by these precise terms to found a library or a mere museum

for the diffusion of popular information to a limited community, but

a cosmopolitan establishment, to increase the sum of human knowledge

and to diffuse this to every part of the civilized world . No other

interpretation of the will is either in accordance with the terms em-

ployed or with the character and habits of the founder. The in-

crease of human knowledge, b}^ which we must understand additions

to its sum, would be of but little value without its diffusion, and to

limit the latter to one city, or even to one country, would be an in-

vidious restriction of the term men. These views, so evident to

minds especially devoted to science, were not at once apparent to

those whose studies and pursuits had been chiefly confined to litera-

ture or public affairs. The first scheme which was presented in re-

gard to tho character of the future institution proposed that it should

assume the form of a university, but this idea was shown to be er-

roneous by the Hon. J. Q. Adams, who pointed out the fact that the

object of a university was not to increase knowledge, but to diffuse

that which already exists. The next proposition, which had many
advocates, was that of a large library or museum; but these objects

are in a measure local in their influence and tend, like the former, to

promote rather the diffusion than the increase of knowledge.

From this diversity of opinion as to the character of the proposed

Institution, or from whatever other causes, the bequest was suffered

to remain inoperative for eight years. It was not until 1846 that

Congress passed the act of organization under which the Institution

has since continued in operation.

This act directs that provision be made for a library, museum, and

gallery of art, in a suitable building of plain and durable materials, and

after these and some other general indications of the view^s of the

legislature, leaves it discretionary with the Board of Regents to

adopt such further measures for promoting the common purpose as

might seem, in their judgment, best to comport with the terms of the

donation.

I may be permitted to state, without giving undue prominence to

my own part in the organization, that immediately after the passage
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of this act I.was requested by one of the Regents to prepare a sketch

of such an institution as I deemed that of Smithson ought to be, with,

reference at once to the requirements of Congress, and the brief,

though comprehensive, phrases of the will. After devoting careful

attention to the expressions of the bequest, and being acquainted

with the character of the founder, I could not entertain the slightest

doubt that it was the intention of the latter to establish a cosmopol-

itan institution, which should be alike a monument of his own
fervent love of science, an efficient instrumentality for promoting

original researches and rendering a knowledge of their results

accessible to inquiring minds in every part and age of the world.

I accordingly advised the adoption of the plan set forth in the first

section of the prograuime presented to the board in my report for

1847,* a plan which is principally designed to increase knowledge

by instituting researches and assisting in various ways men of talents

and acquirements to make original investigations in all departments

of scientific inquiry, as well as to diffuse the knowledge thus obtained

by presenting, free of cost, to all the principal libraries and public

institutions of the world copies of a series of volumes containing the

results of the investigations instituted.

Previous to the presentation of these views, one of the Regents

had reported in favor of making immediate provision for a library, a

museum, a gallery of art, and other local objects, in connexion with

a system of lectures to be delivered in different parts of the country;

while another Regent had presented an eloquent appeal in favor of a

great library composed of books in all languages and on all subjects.

In reviewing these and other plans of organization which had been

previously advocated, it will scarcely be denied by an unprejudiced

mind that, for the most part, they were such as to exert a merely local

influence, and which, if they embraced means for the diffusion oi

popular knowldge, neglected the first and essential condition of the

bequest, viz.: the increase of knowledge—in other words, the advance-

ment of science or the discovery and promulgation of new truths.

On the other hand, the plan of organization presented in the first

section of the report for 1847 is that of a living, active, progressive

system, limited in its operations only by the amount of the income;

calculated to affect the condition of man wherever literature and sci-

ence are cultivated, while it tends in this country to give an impulse to

original thought, whicli, amidst the strife of politics and the inordi-

nate pursuit of wealth, is, of all things, most desirable.

* Sea projri'umme of orgauization, page 8 of this report.
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These views, which have commanded the approval of unprejudiced

and reflecting persons generally, and especially of men of science, to

which class Smithson belonged, were fully shared from the first by
Professor Bache, General Totten, Gideon Hawdey, esq., and in whole

or in part by other members of the board, and I was elected the

secretary or principal executive officer, to develop and carry into

practice, as I supposed, under the direction of the board, the plan I

had suggested.

The appointment was accepted with much and not causeless solici-

tude as to the result. I soon found that although a number of the

members of the board were in favor of the promotion of original

researches, or of what has since, by way of discrimination, been

called the active operations, neither a majority of the Regents nor

perhaps the community in general was prepared to favor a plan of

organization which should exclude the material representation of the

Institution in the form of an extensive architectural structure calcu-

lated to arrest the e^'e and embellish the national capital.

It was in vain to urge the fact that a large and expensive building was

not only unnecessary to the realization of the purpose of Smithson, but

that it would tend to defeat that object by absorbing the income, con-

trolling the future policy of the Institution, and confining its influence

principally to a single locality; that it was not the estimated first cost

of the edifice which should alone be considered, but also the expense

of keeping it in repair and the maintenance of the corps of assistants

and employes w^hich would be required in an establishment of this

kind; that the increase of the collections of a miscellaneous library and

public museum would, in time, require additional space: and that,

finally, all the revenue of the bequest would be absorbed in a statical

establishment, or in attempting to do that which can only be properly

accomplished, as in other countries, by means of the government.

Unfortunately the building committee had settled upon a design for

the building in the Lombard style, and Congress had presented to the

Institution the museum of the exploring expedition, then at the Patent

Office, and directed that provision should be made on a liberal scale for

its accommodation, neglecting, at the same time, to fill the blank in

the act of organization, by which the cost of the building was to have

been limited. It was this provision of the law which furnished a

fulcrum for the influence exerted by the citizens of "Washington, and

persons pecuniarily interested, directly or indirectly, in contracts or

otherwise, in favor of the erection of the present structuse. Thus
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re-enforced, the fascination of its architectural display as presented

on paper proved too strong to be resisted.

The adoption of this extensive and costly building was considered

so inauspicious a beginning that I had resolved to resign the office of

director, and make no further attempt to introduce the plan with a

view to the success of which I had accepted the position, when a

temporary compromise was proposed by which the several plans

might be brought to the test of experience, and an opportunity ap-

parently given for any modifications which might be found advisable.

In order to meet the large expenditure on the building, to provide

for the support of the establishment necessarily connected with it,

and to leave the greater part of the interest of the original bequest

free to be applied to its more legitimate objects, it was resolved to

create an extra fund, while gradually developing the plans of organi-

zation, and for this purpose the following course was adopted:

1. The building to be erected in parts, and its different portions

gradually brought into requisition, its completion being thus delayed

for a number of years.

2. The sum appropriated to the building, furniture, and grounds,

viz., $250,000, being mainly the interest which had accrued previous

to the organization, to be invested in United States treasury stock,

bearing interest.

3. The plan of organization to be gradually developed, and, instead

of expending upon it from the first the whole interest of the original

bequest, a part of this to be also invested in treasury bonds.

4. The remainder of the income to be divided between the active

operations on the one hand and the library and museum on the other.

The latter to be restricted principally to scientific books and to

type specimens.

This compromise was adopted, and has been so successfully and

steadily carried out financially, that at the commencement of the

war, after paying for the building, accumulating a very valuable

library, establishing and supporting a large museum, and carry-

ing on all the active operations of the establishment, an extra fund

had been created amounting to $140,000. In order to secure this

from the contingencies of any future expenditure on buildings or

loss from hazardous investment, a petition was preferred to Con-

gress to take it from the care of the Regents and deposit it with

the original principal in the treasury of the United States, sub-

ject to the same restriction, viz., that the interest alone could be

expended. This petition not having been acted upon, the Regents
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deemed it expedient to invest the money in such State stocks as were

then considered most eligible, and accordingly there were invested

ill

—

liana 5 per cent, stock $75, 000
Virginia 6 " " " 53,500
Tennessee 6 " " " 12,000
Georgia G " " " 500
Washington 6 " " " * 100

Amounting in all to 141, 100

This scheme has afforded an ample opportunity to compare the

relative advantages of the two principal plans of organization and to

verify the predictions which were originally made in regard to the

bnilding. Though but a portion of the income has been devoted to

the active operations, they have produced results in the way of in-

creasing and diffusing knowledge abundantly sufficient to justify the

anticipations which were entertained in regard to them, and to con-

Tince the most skeptical of their primar}^ importance. As to the

bnilding, it is now abundantly proved that a structure of one-fifth of

the cost would have been sufficient for the wants of the Institution,

and that two grave errors were committed in the adoption of the pres.

entone: first, the plan was but little adapted to the uses to which the

edifice was to be applied ; second, the style of architecture required a

far greater expenditure than the amount to which the cost of the

building was limited. For the purpose of architectural effect the

interior was very inconveniently divided; the buttresses, turrets, and

towers, while they add very little to the accommodation of the build-

ing, greatly increased the cost. To have constructed the building

in a substantial and durable manner, in strict conformity with the

Lombard style of architectu>re which was adopted, would have re-

quired an expenditure of at least double the amount of the sum

appropriated for the purpose. It was, therefore, necessary, in order

that the exterior might be constructed in freestone, that the interior

should be finished in wood and stucco, and that thus recourse

should be had to the presentation of a falsehood to the eye in the

very inauguration of an enterprise for the advancement of truth.

The two wings and the two connecting ranges were completed in

this manner. The main building, which is 200 feet long and 50 wide,

embellished with six towers, was also in process of completion, the

framing of the interior having been finished, when the underpinning

gave way and the whole of the woodwork fell to the ground. After

the occurrence of this accident a commission of architects, appointed
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to examine the building, reported that the exterior walls were well

built, both in regard to construction and materials, but that the plan

of finishing the interior in wood and stucco was improper for an edifice

intended to contain valuable articles; it was therefore recommended

that fire-proof materials should be employed for the portions of the

work which remained to be constructed. In conformity with this

recommendation the interior of the main building was completed in

iron, stone, and brick, with the exception of the roof, which, being

covered with slate and not supposed to be exposed to danger from

fire, was suffered to remain. It was this change, in the mode of con-

structing a portion of the edifice, which; during the late fire, saved

the contents of the whole from destruction. It, however, increased

the cost of the building to upwards of $300,000, leaving the remain-

ing parts of the interior of the structure in perishable materials.

It was hoped that, through the adoption of the compromise propo-

sitions, the importance of the active operations would speedily

become apparent, and that the plan of erecting an expensive

building would be abandoned before more than one of the wings

had been completed; but, though the construction of the edifice

was, in accordance with the agreement, extended over a number of

years, yet in anticipation of such an interference with its ultimate

completion, so large a portion of the lower story of the whole struc-

ture w^as commenced in the first two years that it was apparent no

successful opposition could be made to its further progress. Nor

can Congress be absolved of the charge of having indirectly con-

tributed to encumber the bequest with the cost and maintenance of

so extensive a building and so numerous a retinue : with more

justice, therefore, may it be invoked to relieve the Institution,, in

due time, from the burden imposed upon it. It should, however, be

remembered, on the other hand, that by repeated enactments Con-

gress has sanctioned the prominence which has been given to the

active operations, and acquiesced in the adoption of the special

character which has been impressed on the library and museum. It

has relieved the Institution from the care of the grounds, also of

the copyright books which were intended to swell the number of

volumes, and, so far from still considering the museum of the ex-

ploring expedition a desirable gift, it has granted for several years

past four thousand dollars annually to assist in bearing the expenses

of preserving and exhibiting the specimens.

It is to be regretted that Congress directed that provision should be

made on a largo scale for a library and museum, since each tends to

cripple the other, and the whole to diminish the efficiency of the active
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operations. A conscientious endeavor, however, has been made to

harmonize the whole scheme, by establishing a special library, con-

sisting of the transactions of learned societies and systematic works on

all branches of science, together with a limited museum of type speci-

mens, principally of the products of the American continent. And,

on the whole, it may be pronounced that, notwithstanding the inaus-

picious circumstances which attended the commencement of the In-

stitution, as before stated, and the difiSculties with which it has had

to contend from time to time, the results it has produced have been

such as to commend it to the public generally throughout our own
country, and to make it favorably known to the cultivators of science

wherever found. It has identified itself with the history of almost

every branch of knowledge which receives attention at the present

day, and its transactions and proceedings are constantly referred to

as authoritative on all subjects to Avhich they pertain. With no desire

to exaggerate its importance or advantages, the fact may be satisfac-

torily cited that the recognition of its services in behalf of science

exists in the contemporary works of all languages, that its publications

are found wherever letters are cultivated, and its specimens in all

the principal museums of the world. If it was the desire of the

founder to perpetuate the memory of his liberality, that desire has

been thus fully gratified; nor is the memorial of his enlightened and

comprehensive benevolence limited as to place or time, since it is

everywhere renewed with the yearly dissemination of the publica-

tions which bear his name.

The following brief sketch of the labors of the Institution up to the

present time will not only serve to show what it has done, but also

to illustrate the capability of the plan of active operations for pro-

ducing important results in the way of increasing and diffusing know-

ledge among men.

ACTIVE OPERATIONS.

Publications.—The Smithsonian Institution has established three

classes of publications, in which are contained the articles hereafter

to be mentioned. These are as follows:

1. A quarto series, entitled "Smithsonian Contributions to Know-
ledge," issued in volumes, each embracing one or more separate

articles. Of these the fourteenth is nearly through the press.

2. An octavo series, entitled "Smithsonian Miscellaneous Collec-

tions," which in the aggregate make six large volumes.
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3. Another octavo series, consisting of the annual reports of the

Institution to Congress, called "Smithsonian Reports," of which

eleven volumes have been published.

The Smithsonian Contributions to Knowledge include memoirs em-

bracing the records of extended original investigations and researches

resulting in what are believed to be new truths, and constituting

positive additions to the sum of human knowledge.

The series of Smithsonian Miscellaneous Collections contains reports

on the present state of our knowledge of particular branches of

science ; instructions for collecting and digesting facts and materials

for research
;

lists and synopses of species of the organic and inor-

ganic world ; museum catalogues
; reports of explorations

; aids to

bibliographical investigations, &c,
;
generally prepared at the express

request of the Institution, and at its expense.

The Annual Reports include the official reports of the Secretary to

the Board of Regents of the operations and condition of the Institu-

tion ; the reports of committees of the board ; abstracts of lectures

delivered before the Institution,- extracts from correspondence; origi-

nal or translated articles relating to the history and progress of

science, &c.

The following rules have been observed in the distribution of the

first and second series

:

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

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

to the Institution.

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

exchange their catalogues and other publications, or an equivalent,

from their duplicate volumes.

3. To all the colleges in actual operation in this country, provided

they furnish, in return, meteorological observations, catalogues of

their libraries and of their students, and all other publications issued

by them relative to their organization and history.

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

copies of all documents published under their authority.

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

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

to smaller libraries, where a w^hole State or large district would be

otherwise unsupplied.

Institutions devoted exclusively to the promotion of particular

branches of knowledge receive such articles published by the Insti-

tution as relate to their objects. Portions of the series are also given
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to institutions of lesser grade not entitled, under the above rules, to

the full series, and also to the meteorological correspondents of the

Institution.

The reports are of a more popular character, and are presented

—

1. To all the meteorological observers and other collaborators of the

Institution.

2. To donors to its library or museum.

3. To colleges and other educational establishments.

4. To public libraries and literary and scientific societies.

5. To teachers or individuals who are engaged in special studies,

and who make direct application for them.

Besides the works which have been published entirely at the ex-

pense of the Institution, aid has been furnished by subscription for

copies to be distributed to foreign libraries of a number of works

which fall within the class adopted by the programme. The princi-

pal works of this kind for which subscriptions have been made are as

follows : Agassiz's Contributions to Natural History, Gould's Astro-

nomical Journal, Shea's American Linguistics, Runkle' s Mathematical

Monthly, Deanc's Fossil Footprints, Tuorae}' & Holmes's Fossils of

South Carolina, Peirce's Analytic Mechanics.

Meteorology.—The investigation of all questions relative to meteor-

ology has been an object to which the Institution has devoted special at-

tention, and one of its first efforts was to organize a voluntary system of

observation, which should extend as widely as possible over the whole

of the North American continent. It induced a skilful artisan, under

its direction, to commence the manufacture of carefully prepared and

accurately graduated instruments, now generally known as the Smith-

sonian standards. It prepared and furnished a series of instructions

for the use of the instruments and the observations of meteorological

phenomena ; also three series of blank forms as registers.

It next organized a body of intelligent observers, and in a compar-

atively short time brought the system into practical operation
; each

year the number of observers increased, and where one ceased his

connexion with the enterprise, several came forward to supply his

place. By an arrangement with the Surgeon General of the army,

the system of observations at the United States military posts in dif-

ferent parts of the country, and also that which had previously been

established by the State of Now York, were remodelled so as to har-

monize with that of the Institution. Gentlemen interested in science,

residing in the British provinces, and at nearly all the posts of the Hud-

son's Bay Company, also in Mexico, Central America, the West In-
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dies, and some places in South America, <fec., joined in the enterprise:

and, with few exceptions, at the beginning of the war every dis-

trict of considerable size had in it at least one if not more observers.

All these contribute their services without compensation, their only

reward being the satisfaction of co-operating with each other and

the Institution in the effort to supply data and materials for investi-

gation. Any returns, indeed, which the Institution has in its power
to make are gladly rendered in a hearty acknowledgment of assist-

ance, and in copies of all the Smithsonian publications likely to be

of interest.

Besides the materials obtained directly from the observers of the

Institution, a large amount of other matter relative to the meteor-

ology of North America has been accumulated—such as copies of all

the known series of records for long periods which could be obtained;

series which have been compiled during explorations and surveys for

the government, those which have been the result of local associa-

tions, and of the system of observations established in connexion with

the survey of the great lakes, as well as of the common school system

of Canada, and many thousand notices of the weather at different

times and places, collected from newspapers and periodicals.

No other part of the world has offered such facilities for the col-

lection of meteorological data, the system extending over so large

a portion of the earth's surface; the observers, with few exceptions,

all speaking the same language, and many of them being furnished

with full sets of compared standard instruments.

It is to be regretted that this system has been partially interrupted

during the war, and that the portion of the income of the Smithsonian

fund, which could be devoted to the reduction and discussion of the

material collected, has not been adequate to the labor of deducing

from so large a body of data all the valuable truths which they are

capable of affording. It has had assistance, however, from the agri-

cultural department of the Patent OfiSce, by which the results of five

years' observations of all the elements and a series of temperatures

for long periods have been prepared for publiqation.

From all the observations made up to 18G0, isothermal charts were

constructed, presenting much more accurately than had ever been

done before, the distribution of temperature over the continent of

North America; a series of rain charts, and also a large map exhibit-

ing the regions of original forest, of arable prairie and of desert in

the United States, have also been prepared.

The Institution has fully established the fact, which was previously
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indicated in regard to storms, by the investigations of Mr. Espy and

others, in relation to the United States, namely, that all such meteoro-

logical phenomena, as variations in the pressure of the atmosphere,

sudden changes of temperature, either of unusually warm or cold

weather, thunder-storms, tornadoes, as well as storms of wind, rain,

<fec., which occur within the temperate zones, travel from west to east.

The simultaneous system of observations established by the Institu-

tion furnished the means of placing this great law of meteorology in

prominent relief, and of first reducing it to practical utility.

As early as 1849 the Institution organized a system of telegraphic

despatches, by which information was received at Washington of the

condition of the weather at distant places in the southwest and north-

west, and from this, in accordance with the law before mentioned,

it was often enabled to predict, sometimes a day or two in advance,

the approach of any larger disturbances of the atmosphere. Subse-

quently the telegraphic despatches were daily exhibited at the

Institution on a map of the United States by means of a series of

movable cards of different colors, which indicated the meteorological

condition at various points, showing at a glance in what parts of the

country it might be clear or cloudy, raining or snowing; and by

arrows the existing direction of the wind. The returns were also

published in one of the evening papers. Unfortunately this enter-

prise was interrupted by the cessation of the observations in the

southwest, and by the constant use of the telegraph for the purposes

of the government.

The advantages possessed by the Smithsonian Institution for inves-

tigations of this kind will be evident, when it is recollected that a

large portion of its observers are stationed west of Washington, that

the phenomena approach it over a large extent of land, and can be

critically noted through every part of their passage eastward, while

the phenomena which are presented to the meteorologists of Europe

traverse in reaching them a wide expanse of ocean, from which only

casual observations can be gleaned.

The publications of the Institution contain many memoirs which

have tended to advance the science of meteorology. Among these

may be mentioned the meteorological and physical tables prepared

at the expense of the Institution by Professor (xuyot, and filling a

large octavo volume of the Miscellaneous Collections. No work extant

answers the same purpose with the one referred to, which has hence

become a general standard of reference, the constant demand for it
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as well in Europe as America having required the printing of several

successive editions.

The results of the reductions for five years previous to 1860 have

been published in two volumes of nearly 2,000 quarto pages, con-

taining a mass of materials of great value in determining the average

temperature, fall of rain, barometrical pressure, moisture, direction

of the wind, and time of various periodical phenomena relative to

plants, animals, &c.

In addition to these large and important volumes, other works

have been published by the Institution which have had a marked

influence on the progress of meteorology. Among these may be

mentioned the works of Professor Coffin, on the winds of the northern

hemisphere; of Mr. Chappelsmith, on a tornado in Illinois; of Professor

Loomis, on a great storm which pervaded both America and Europe;

the reduced observations for twenty-eight years of Professor Caswell,

at Providence, Rhode Island; of Dr. Smith, for twenty j^ears in

Arkansas; of Dr. Kane and Captain McClintock, in the arctic seas;

on the heat and light of the sun at different points, by Mr. Meech;

on the secular period of the aurora, by Professor Olmsted; the

occurrence of auroras in the arctic regions, by Mr. P. Force, &c.

Besides these, a series of meteorological essays embodying many of

the results obtained from the investigations at the Institution has

been prepared by the Secretary, and been published in the agricul-

tural reports of the Patent Office.

Astronomy.—The Institution has advanced the science of astronomy

both by its publications and the assistance rendered to observers.

To facilitate astronomical observations, it prepared and published for

six years an annual list of occultations of the principal stars by the

moon, and printed and distributed a series of tables for determining

the perturbations of the planetary motions, the object of which de-

termination is to facilitate the calculation of the places of the heavenly

bodies. These tables have accomplished the desired end, saving to

the practical astronomer an immense amount of tedious and monoto-

nous labor.

The name of the Institution has been favorably connected with the

history of the interesting discovery of the planet Neptune. From a

few of the first observations which had been made on this planet Mr.
Sears C. Walker calculated its approximate orbit, and by this means
tracing its path through its whole revolution of 166 years he was en-

abled to carry it backward until it fell among a cluster of stars, ac«

curately mapped by Lalande, towards the close of the last century.
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After minute inspection he was led to conclude that one of the stars

which had been observed by Lalande in 1795 was the planet Nep-

tune. He was thus supplied with the amount of its motion for up-

wards of fifty years, from which he deduced a much more perfect

orbit, and was enabled to construct an cphemeris giving the place of

the planet for several years in succession. These investigations, so

interesting to astronomy and honorable to this country, were prose-

cuted and published at the expense of the Institution, the name of

which will be further connected with the planet Neptune by the pub-

lication, now in press, of a new discussion of all the observations which

have been made on this body for the last fifteen years. This work,

which is by Professor Newcomb, of the United States navy, will

furnish not only the means of determining the exact position of Nep-

tune for years to come, but also the data for ascertaining whether it

is affected by other bodies than those now known to astronomers.

To render more generally accessible to practical astronomers in

this country the theory of the motion of the heavenly bodies by the

celebrated Gauss, the Institution shared the expense of publishing a

translation of this treatise by Admiral C. H. Davis, U. S. N., from

the Latin, It furnishes a complete system of formulas for computing

the movements of a body in any of the curves belonging to the class

of conic sections, and a general method of determining the orbit of a

planet or a comet from three observations, as seen from tho earth.

For a number of years aid was afforded to the publication of Gould's

American Astronomical Journal, which rendered good service to the

science by making promptl}^ known to foreign observers the results of

the labors of their contemporaries in America. It has also had re-

duced by Mr. Charles A. Schott, and published at its own expense,

the astronomical observations made by Dr. Kane in the arctic regions,

and has now in hand those which were made in the same regions by
Dr. Hayes.

Congress having authorized in 1849 an astronomical expedition

under Lieutenant Gilliss to the southern hemisphere for the purpose

of determining the parallax of the planets, and consequently their

distance from the sun, by observations on Venus and Mars, accident-

ally failed to make the appropriation for instruments. This omission

was supplied by the Institution, which Avas subsequently indemnified

for the expense by the Chilian government.

In the observation of all the larger solar eclipses which have hap-

pened since the date of its organization the Institution has actively
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and efficicDtly co-operated by publishing projections of the phases and

times of their occurrence in difierent parts of America.

Under its auspices, and partly at its expense, an expedition was

inaugurated by Lieutenant Gilliss to observe the great eclipse of 1858

in Peru, from which data of value for the improvement of solar and

lunar tables were determined, besides facts of interest in regard to

the physical constitution of the sun.

Assistance was also rendered to the expeditions under the direction

of the Coast Survey to observe the eclipse of July 18, 1860, one of

which was sent to Labrador, under the charge of Professor S. Alex-

ander, of New Jersey, and the other to Washington Territor}-, under

that of Lieutenant Gilliss.

To these may be added an account of an instrument invented by

Rev. T. Hill, president of Harvard College, for the projection of

eclipses.

Physics and chemistry.—The Institution has fostered these sciences

in many different ways; among others, by importing models of the

most improved articles of apparatus, and making them known to

scientific men through lectures and otherwise.

It has instituted an extensive series of experiments on building

materials, particularly in reference to those employed by the gov-

ernment in the construction of the Capitol and other public edifices;

also a like series on acoustics, as applied to public halls, and the prin-

ciples deduced from these were practically applied in the construction

of a model lecture-room. It has made a very extended series of ex-

periments on different substances employed for light-house illumina-

tion, from which has resulted the substitution of another material for

sperm oil, and the consequent annual saving of a large amount of

money to the government. ,

In compliance with requests made by different departments of the

government and of Congress, particularly since the war, it has con-

ducted various series of investigations, principally in relation to ques-

tions involving mechanical, chemical, and physical principles, and has

made reports on subjects of this kind amounting, in the aggregate,

to several hundred.

To facilitate researches, a laboratory has been established and kept

constantly in working condition, the privilege of using it having been

given to various competent persons for experimenting in different

branches of physical science. Just now it is occupied by Dr. Weth-
erill for the purpose of conducting a series of analyses of samples of
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air from the halls of Congress, &c., from ^Yhich a report is to be

made, under the direction of the Institution, on the ventilation of the

public buildings of this city.

The most important publications under this head are the researches

relative to electric currents, by Professor Secchi; on the explosibility

of nitre, by Dr. Hare; on the ammonia-cobalt bases, by Drs. Gibbs

and Gentli; and on astronomical photography, by Dr. Henry Draper,

A valuable report on recent improvements in the chemical arts by

Booth & Morfit was published in 1852, and there have been given in the

annual reports of the Institution a series of translations and articles

presenting a view of the progress of physics and chemistry from

year to year, since 1853, among which we may particularly notice

the translation of Miiller on recent contributions to electricity, and

the reprint of Powell on Radiant Heat.

Terrestrial magnetism.—The subject of terrestrial magnetism has

been prosecuted simultaneously with that of meteorology, and an

observatory was erected in the Smithsonian grounds, fitted up with

the most approved instruments, and conducted under the joint

auspices of the Institution and of the Coast Survey. After remain-

ing in operation for several years, the instruments were transferred

to Key West, as a remote station where observations were still more

desirable. Instruments were also furnished an expedition to Mexico,

and used with much success by Mr. Sonntag, whose results were

published in the Smithsonian Contributions to Knowledge. Appa-

ratus was also furnished to Dr. Kane, Dr. Hayes, and other explorers,

by means of which valuable results were obtained.

Of the more important publications of the Institution, which have

tended to advance this science, may be mentioned the articles by

Dr. Locke, on the dip and intensity; the elaborate discussion, by

Professor Bache, of the magnetic observations made at Girard College

from 1841 to 1845 ; the report on magnetical observations in the

arctic seas by Dr. Kane, reduced at the expense of the Institution

by Mr. C. A. Schott, and those made in Pennsylvania and adjacent

States by Professor Bache, and in Mexico by Mr. Sonntag.

Explorations.—In the deficiency of means for more extended oper-

ations, as has been frequently represented in the annual reports, the

efforts of the Institution in the line of explorations and collections are

confined, as strictly as possible, to America ; but within this limit

there are few regions which have not furnished scope, in some form,

to its activity. Arctic America, all the unknown portions of the
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United States, Mexico, Centval and South America, and the West
Indies, have been laid under contribution for facts and materials by-

which to advance science.

An eminently useful influence has been exerted by the Institution^

through the aid it has afforded in the organization of the different,

government explorations by land and by sea. Whether by official-

representations to the heads of departments, or personal influence^

with officers and employes, it has secured the engagement of indi-

viduals competent to collect facts and specimens ; it has instructed

persons thus engaged, and others, in the details of observation ; it

has superintended the preparation, and, in some cases, borne the ex-

pense of the necessary outfits ; has furnished fresh supplies from time

to time to the collectors while in the field : received the collections

made, and preserved them for future stud}', or at once consigned

them to the hands of competent persons, both at home and abroad,

for investigation; directing the execution of the necessary drawings

and engravings for the reports, and, finally, superintending the print-

ing and even the distribution of any available copies of the completed

works to institutions of science. Prior to the establishment of the

Institution but little had been done by our government in the way of

scientific explorations, with the exception of that under Captain

Wilkes. But since then nearly every United States expedition,

whelher a survey for a Pacific railroad route, a boundary line between

the United States and regions north or south of it, or within its

borders, a wagon-road across the Rocky mountains, or an ordinary

topographical exploration, has been influenced and aided more or

less, as above stated. . A list of the expeditions has been, from time

to time, published in the annual reports, and it is sufficient here to

say that their total number up to the present time is about fifty.

Besides these, similar explorations have been carried on without

any reference to the government, and either entirely or in a great

measure at the expense of the Institution, and always at its sugges-

tion, or under its direction. Prominent among these may be men-

tioned the three years' researches in the arctic regions, by Mr. Ken--

nicott, with the co-operation of gentlemen of the Hudson's Bay Com-
pany ; of Mr. Drexler, in the region of Hudson's bay, and also in the-

Rocky mountains
;
of Mr. Coues, in Labrador ; of Lieutenant Feilner,

in Nebraska and Northern California ; of Mr. John Xantus, at Fort;.

Tejon, Cape St. Lucas, and in Western Mexico
; of Lieutenant Trow.--

bridge, on the coast of California; of Drs. Cooper and Suekley, in.

Western America generally ; of Drs. Coues and Beers, in Kansas^

4s
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New Mexico, and Arizona ; of Dr. Irwin, in Arizona
; of Dr. Hitz,

^bout Laramie Peak ; of Lieutenant Couch, in Texas and Mexico ; of

G. Wurdemann, Lieutenant Wright, Captain Woodbury, and others,

in Florida and the Gulf of Mexico ; of Dr. Sartorius, Professor Surai-

chrast, Dr. Bercndt, in Mexico ; Dr. Von Frantz, J. Carniol, in

Costa Pica; of Mr. March, in Jamaica; of Mr. Wright, Dr. Gund-

lach, Profcsso-r Poey, in Cuba ] Judge Carter, in Bolivia, besides

many others.

In addition to the collections which have been received from ex-

plorations organized under the direction of the Institution, large

numbers of duplicate specimens have been presented by the meteor-

ological observers and other Smithsonian collaborators, the whole

forming a body of material for the illustration and study of the pro-

ducts of the American continent unequalled by any collection pre-

viously made. The explorations, however, as might be inferred,

have not been confined to the collecting of specimens, but have also

-furnished information relative to the topography, geology, physical

geography, ethnology, and the living fauna of the regions visited.

The results have been published by government, the Institution,

or other parties. The extent and importance of these publications

may be seen in the volumes of the reports of the Pacific railroad and

Mexican boundarj' surveys ; of the United States astronomical e:^pe-

dition to Chili, under the late lamented Captain Gilliss ; of Captain

Stausbury's exploration of Utah; of Lieutenant Michler's of the

Isthmus of Darien, (tc, &c. ; in the volumes of the Smithsonian pub-

lications, and in the transactions of nearly all the scientific institu-

tions in tiic United States.

In order to facilitate the operations of collectors, a series of gene-

ral directions have been prepared and widely distributed, free of

charge, for collecting, preserving, and transporting specimens of

natural history, and also special instructions for collecting nests, eggs,

shells, insects, &c.

Descripiioii and distribution of collections and sjxcimens.—The object

of m.aking these collections, in conformity with the policy of the In-

stitution, was not merely to supply a large museum in Washington

with permanent specimens or duplicates lor exchange, but to furnish

the naturalists of the world with the materials for advancing the

science of the natural history of North America, and of facilitating

the study of its various branches by supplying museums both in the

United States and in Europe with sets of type specimens.
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In pursuance of this object, fall sets of the specimens collected

bave been submitted to a large number of naturalists, both in this

country and abroad, for critical study and description, and it is not

too much to say that scarcely a monographic investigation has been

conducted for ten j-ears past in any branch of American zoology which

has not derived part or the whole of its material from the Smithsonian

collections. Duplicates of the specimens, when described, have been

made up into series for distribution, always accurately labelled, and

are usually types of some published investigation. The average of

such distribution has, for the last ten years, been at least ten thousand

specimens annually, while the distribution of 18G4 amounted to nearly

five thousand species and seventeen thousand specimens. In this

way, besides supplying the principal museums of Earope with speci-

mens, all the older museums in this country as well as Canada have

been largely increased, and the foundation for several new establish-

ments of a similar kind has been furnished. As an illustration of

what has been done in the way last mentioned, I may cite the large

donation of labelled specimens which has been made to the museum

of the University of Michigan, and the co-operation which has been

afforded the liberal-minded citizens of Chicago in founding a museum
and establishing a society of natural histor}^ which, under the direc-

tion of Mr. Kennicott and Dr. Stimpson, is diffusing a taste for the

study of nature in that city of unpara,lleled growth, which cannot be

otherwise than highly salutary in ameliorating the sensual effects of

great material prosperity.

The Institution has also done good service in promoting and assist-

ing the formation of local societies in rural districts for the collection

of specimens and the recording of natural phenomena. To all socie-

ties of this kind, as well as to colleges and academies making special

application, labelled specimens have been presented.

This distribution of specimens is very different from the ordinary

exchanges conducted between institutions or individuals, which usually

involve the return of an equivalent. The question with the Smith-

sonian Institution is, not what can be had in return, but where a par-

ticular specimen or series of specimens can be placed so as best to

advance the cause of science, by being most accessible to the largest

number of students engaged in original investi2:ations.

PaJmontology, geology^ physical geography^ &c.—Appropriations have

been made for investigations of the surface formation of the Con-

necticut valley by Professor E. Hitchcock, and for the collection of

materials for the illustration of the geology and pala3ontology of par-



52 ' REPORT OF THE SECRETARY.

ticular regions. Appropriation has also been made to Professor

Guyot for a barometrical survey of the different parts of the Al-

leghany mountains, and to other persons for collecting observations

on heights, as determined in different parts of the country by the

various canal and railway surveys.

The publications qn these subjects, besides the papers of Professor

Hitchcock on surface geology, are as follows:

A memoir on 3Iosasaurus, by Dr. 11. W. Gibbs.

On the extinct species of the fossil ox and sloth of North America,

and on the ancient Fauna of Nebraska, by Dr. Leidy.

On the Physical Geography of the Mississippi Valley, by Charles

Ellet.

On the Law of Deposit of Flood Tide, by Admiral Davis.

On the Fluctuations of the level of the great American Lakes, by

C. Whittlesey.

On the Palasontology of the Upper Missouri, and Check List of

miocene, cretaceous and Jurassic Livertebrata, by F. B. Meek.

A memoir by Dr. Leidy, now in press, on the extinct reptiles of

the cretaceous period, will, it is believed, be a valuable manual oi

reference.

The Institution has published a Check List of minerals, with their

symbols, prepared by Mr. Egleston, with special reference to facili-

tating the labelling of the Smithsonian minerals and the exchange of

specimens, and it may be mentioned that extensive distribution has

been made of specimens of building stone employed by the govern-

ment.

Botamj.—This branch of general natural history has been advanced

by the Listitution, not only by means of the publication of original

memoirs, but also by explorations and collections made at the expense

of the Smithsonian fund. The most important work which has

been published is a large quarto volume, illustrated by expensive

colored plates, on the algae of the entire North American waters.

The work was written for the Institution by Dr. Harvey, of the

University of Dublin, and has been the means of rendering this

order of the vegetable kingdom more generally known. The Insti-

tution has also published several papers on the plants of New Mexico

and California, by Dr. Gray, of Cambridge, and Dr. Torrey, of New
York.

Duplicates of the specimens described have been presented to in-

stitutions at home and abroad. Considerable labor has also been ex-
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pendecl in the preparation of an original report on the forest trees of

America, by Dr. Gray. This work, however, has been interrupted

for some time, but will be resumed, it is expected, during the present

year.

General Zoology.—A large part of the collections made by the In-

stitution belong to the general class of zoology, intended to advance

the study of animal life upon the continent of America.

The ornithology of America has always been a speciality of the

Smithsonian Institution, more efforts having been made to perfect its

collection in this department than any other. The Institution has pub-

lished the first part of a work by Dr. T. M. Brew^er, suitably illus-

trated, on the distribution and habits of North American birds during

the breeding season, with descriptions and figures of their eggs, the

materials being derived entirely from the collections of the Institution,

and mostly made at its special request. This is the first separate

work on North American zoology ever prepared. A catalogue of

North American birds, prepared by Professor S. F. Baird, has been

extensively used at home and abroad in labelling collections.

Professor Baird is now engaged in preparing a general report

on our knowledge of North American ornithology to the present

date, with the addition of the species of Central and South America

and the West Indies; the materials being derived almost entirely

from the specimens collected by the Institution, which have been in-

creased, since the publication of the extensive work on the same sub-

ject by Professor Baird in the Pacific railroad report, from 12,000 to

35,000.

The collections w^bich have been made by the Institution for the

illustration of mammalia have been very extensive, amounting to

6,000 specimens, and have not only included many duplicates of the

species previously known, but a very large number entirely new to

science. A catalogue of North American mammals, chiefly those

collected by the Institution, prepared by Professor Baird, has been

published and distributed to those interested in the study ; also a

monograph of North American bats, prepared by Dr. H. Allen.

Materials are now in course of accumulation to complete the account

of the classes of mammals of North America which have not been in-

cluded in the publications of the Institution and Pacific railroad

reports.

As with all American vertebrata, the collections of reptiles and

fishes made by the Institution have been very extensive, and numer-
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ous monographs or articles have been published relative to them in

the Pacific railroad reports and the proceedings of different natural

history societies, the Institution having published a synopsis of the

serpents of North America, and a monograph of the Cottoids.

The Institution has materially aided the study of the entomology

of this country, not on!}' by the collections in that branch, but by

preparing and publishing a series of works for the purpose of ex-

hibiting the state of knowledge on the subject and facilitating its

further advancement. It has published and distributed the follow-

ing under this head :

Instructions for collecting and preserving insects, and catalogues,

synopses, or monographs of the Diptera, Coleoptera, Lepidoptcra,

and Neuroptera, prepared by the most competent authorities in Eu-

rope and America.

It has also in course of preparation works relative to the Hymen-
optera, Homoptera, Hemiptera, Orthoptera, &c.

In the preparation of these publications the Institution is indebted

for gratuitous assistance to Dr. Jno. Leconte, Baron Osten Sacken,

and others.

Goncliology.—A large collection of specimens of shells was received

from the United States exploring expedition, which has been much
increased by subsequent additions. All the shells of the west coast

of the United States, and those generally collected by the exploring

expedition, have been put into the hands of Mr. P. P. Carpenter, of

England, the new ones to be described for publication, and the dupli-

cates of the whole to be arranged for distribution to museums, col-

leges, and other establishments. This work is nearly completed,

and a large number of partial sets of the shells have been distributed

in accordance with the plan just mentioned. The publications on

this subject are lists of North American shells, circulars relative to

collecting, an elementary introduction to the study of conchology,

and an extensive work in two octavo volumes on the Bibliography

of North American Conchology, by W. G. Binney, and a monograph
of the Corbiculadce, by Temple Prime. Besides these a number of

articles are in the press or in course of preparation.

Microscopy.—Encouragement has been given to this branch of

science by importing, as samples, simple forms of working microscopes,

and also by stimulating our native artists to greater exertion in the

construction of this instumont, by ordering the best that could be

produced. Samples of microscopic organisms have been collected
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and distributed to observers, and examinations ana reports have

been made on a large number of this class of objects sent to the In-

stitution. The publications in regard to this subject are a number

of papers by Professor Bailey, of West Point, and a very interesting

memoir by Dr. Leidy, of Philadelphia, on a fauna and flora within

living animals.

Fhysiology.—No experiments on this subject have been made under

the immediate direction of the Institution, although it has furnished

the materials for investigation by other parties. The publications in

regard to it are chemical and physical researches concerning North

American vertebrata, by Dr. J. Jones ; researches upon the venom

of the rattlesnake, with an investigation of the anatomy and physi-

ology of the organs concerned, by Dr. S. W. Mitchell ; on the

breathing organs of turtles, by Drs. Mitchell and Morehouse ; on

the anatomy of the nervous system of rana pipiens, by Dr. J. Wy-
man ; and on the medulla oblongata by Dr. John Dean.

Ethnology and Philology,—One of the earliest efforts On the part of

the Institution was directed to the advancement of the science of

American ethnology. Its first publication as well as introductory

volume to the series of Smithsonian Contributions to Knowledge, be-

ing the work of Squier and Davis, on the ancient monuments of the

Mississippi valley, remains the standard treatise on this subject.

This was followed by a similar work on the antiquities of New York,

by Mr. Squier ; and those of Wisconsin, by Mr. Lapham, of Ohio
;

and of Lake Superior, by Mr. Whittlesey ; a memoir on some anti-

quities of Mexico, by Brantz Mayer ; and a general introduction to

the whole subject of American archseology, by Mr. Haven, besides

many articles of less extent in one or another of the Smithsonian

series. Several pamphlets of instructions for making observations

and collections in this science have also been issued.

In the department of philology, also, the Institution, has evinced

its zeal and activity by the publication, among others, of the elaborate

work on the Dakota language, by Mr. Riggs ; that on the Yoruba
language, by Mr. Bowen; and that on the Chinook jargon, by Mr.

Turner and Mr. Gibbs. To Mr. Shea, of New York, who is engnged

in the preparation of a library of American languages, annual appro-

priations from the funds of the Institution have been made in fur-

therance of the publication of linguistic memoirs furnished by its

correspondents.

Systematic efforts have been directed by the Institution to the

collection of as perfect a series as possibleof the specimens of Ameri-
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can antiquities, and of those illustrative of the habits of the modern

native tribes . Already an extensive collection has been accumulated,

and the preparation and distribution of a series of colored casts of

the more interesting specimens of aboriginal art have been com-

menced. The former picture gallery had just been fitted up with

cases two hundred feet in length, for the reception of these, when the

disastrous fire occurred, which destroyed the upper part of the centre

building; fortunately, however, before any of these specimens had

been placed in the room.

Correspondence.—The Institution has constantly received a large

number of communications, asking information on a variety of sub-

jects, particularly in regard to the solution of scientific questions, the

names and characters of objects of natural history, and the analysis

of soils, minerals, and other materials which pertain to the industrial

resources of the country. Answers have in all cases been given to

these inquiries, either directly by the officers of the Institution or by

reports from the Smithsonian collaborators. A considerable portion

of the correspondence burned in the office of the Secretary was of this

character. The loss in this case is to be regretted, not only on

account of the valuable information the letters and answers contained,

but also on account of the illustration they afforded of the influence

of the Institution, and the condition of the public mind at a given

time. Every subject connected with science which strongly attracts

popular attention never fails to call forth a large number of inquiries

and suggestions.

International exchanges.—To facilitate the direct correspondence

between the learned institutions and scientific men of the two worlds,

and the free exchange of their publications, has, from the first, been

a special object of attainment with the Smithsonian Institution. Year

by year its plans for this purpose have been modified and improved,

until the system has become as nearly complete and satisfactory as

the funds and force at its disposal will allow. At the present day it

is the great medium of scientific intercommunication between the New
World and the Old; its benefits and services being recognized alike by

individuals, institutions, and governments. Its parcels pass all the

custom-houses without question or interference, while American and

foreign lines of transportation, with rare exceptions, vie with each

other in the extent of the privileges accorded it. To so great an

extent has its sphere of activity been enlarged, that it is no exaggera-

tion to say that a very large proportion of all international exchanges

of the kind referred to are now made through its instrumentality.
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At the present time the Institution is prepared to receive, at periods

made known through its circulars, any books or pamphh^ts of scientific,

literary, or benevolent character -which any institutions or individuals

in America may wish to present to a correspondent elsewhere, sub-

ject only to the condition of being delivered in Washington free of

cost, and of being accompanied by a separate list of the parcels sent.

"Where any party may have special works to distribute, the Institu-

tion is always prepared to furnish a list of suitable recipients. In

many cases where works of value have been published by the United

States or State governments, likely to be of importance to students

abroad, application has been made by the Institution for copies, in

most cases with success. The articles and volumes, when received,

are assorted and combined into packages, and these, after being

properly addressed and enclosed in boxes, are despatched to the

agents of the Institution in London, Leipsic, Paris, and xVmsterdam.

The boxes are there unpacked, and the contents distributed through

the proper channels ;
the returns for these transmissions are received

by the same agents, and boxed, and forwarded to Washington, from

Vvdiich point the parcels for other parties are sent to their proper

destination. All the expenses of packing, boxing, agencies, freights,

&c., are borne by the Institution, with the exception of the local

conveyance of single parcels by express or otherwise within the

United States.

LOCAL OBJECTS.

Under this head we have classed those parts of the programme

which were indicated by Congress, and which do not, so directly as

the objects we have already described, contribute to the advance of

knowledge. It will be seen, however, that they have been made as

far as possible to harmonize with the active operations, and to assist

in their progress.

Librarij.—Although the act of Congress directed that provision

should be made for the ;!CCoramodation of a lil^rary, on a liberal scale,

it was soon seen, after the organization of the Institution, that it

would be impossible, from the income which could be devoted to it,

to establish a first-class general library. Even had this been practi-

cable, it would still have seemed superfluous to do so in the very

vicinity of the miscellaneous library of Congress, which is every

year increasing in extent under the liberal appropriations which are

annaiilly made for the purchase of books. It v\^as therefore deemed



58 REPORT OF THE SECRETARY.

preferable, and more consonant with the purposes of the Institution,

to form a special library, which might constitute, as it were, a sup-

plement to the library of Congress, and- consist, for the most part,

of complete sets of the proceedings and transactions of all the learned

societies in the wdtld, and of other serials essential for reference by

students specially engaged in original scientific research. The efforts

of the Institution to carry out this plan, which has since been sanc-

tioned by Congress, have been eminently successful. Principally

through exchanges, and occasionally by purchase, a more complete

collection of the works above mentioned has been procured than is

to be found in any library of the United States, oris easily met with

even in Europe. The Institution has been assisted in making this

collection by the liberality of many of the older libraries abroad, which,

on application, have furnished from their duplicates volumes and even

whole sets to complete series of works long since out of print, and

which, in some cases, could not have been obtained through any

other means. The library is also quite rich in monographic or special

treatises in the physical and natural sciences, lacking as yet, it is true,

some of the more expensive volumes, but still affording the means of

prosecuting almost any scientific investigation. One specialty con-

sists of the large number of maps and charts obtained by exchange

from geographical and hydrographical establishments. &c. This col-

lection is as complete as any in the country.

No effort is spared to render the library of the Institution condu-

cive to tlie advance of science. Two editions of the catalogue of

serial works have already been published, and a third is now in press;

this will probably fill four hundred octavo pages, and will be com-

pleted in the course of the present year, to be followed by a cata-

logue of the special works.

As in most libraries of special character, and, indeed, in most large

public libraries, the public are allowed free access to the librai-y-room

during ofSce hours, but are not generally permitted to take books

away. When, however, any applicant is known to be engaged in

the prosecution of original investigations, which promise to advance

science, and requires the assistance of books found in the Smithsonian

library, they are freely lent, even to persons in the remote portions of

the United States. Any losses which may occur by the adoption of

this course are more than compensated by the advantages derived

from it.

Congress had provided by the law of organization that a copy of

all copyright works should be presented to the librar}^ of this lu^titu
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tion. This it was supposed would be the means of securing iin-

poi'tant additions to the library. It was found, however, in practice,

to impose a burden on the funds of the Institution for which no

adequate compensation accrued ; copies of the most valuable works

were not presented, because there was no penalty imposed for the

neglect to comply with the requirement, and the expense of clerk-

hire in recording and furnishing certificates was greater than the

value of the articles received, consisting, as they did principally, of

sheets of music, labels of patent medicines, novels, and element-

ary works of instruction. The law was, therefore, on special appli-

cation, so modified that authors were required in future only to send

a copy of their works to the copyright bureau of the Department of

the Interior and to the Library of Congress.

A special library of the character above described, consisting of

serials, must of necessity constantly increase with the additions made

to the series of the existing associations which annually publish their

transactions. The Smithsonian library, therefore, comprises a prin-

ciple of indefinite augmentation, both as regards extent and value
;

and although this increase will result mainly from the exchanges

produced by the active operations, yet additional accommodations

Avill be constantly acquired. Hence it may become a matter of consid-

eration, hereafter, whether, since Congress has appropriated $160, 000

to the enlargement of the accommodation for its own library, it may
not be expedient to request that the Smithsonian collection be re-

ceived and arranged as one of its departments, while the free use and

general control of the same shall still be retained b}^ the Institution.

Museum.—The same remarks which have been made in regard to

the library may, with little modification, be applied to the museum.
The portion of the funds of the Institution which it is practicable to

devote to the museum is not suflicient to support an establishment of

this kind worthy of the seat of government of the United States.

Indeed, it is generally now conceded by those who have criticall}^ ex-

amined the subject, that tlie accommodation and perpetual mainten-

ance of a large collection of objects of nature and art intended for

popular exhibition, or even for educational purposes, ought not to have

been imposed upon the Smithsonian fund. It has been seen from the

ibregoing statement how much can be done in the way of advancing

natural history independent of a costly edifice, and the support of

a popular museum in which are to be continually exhibited even

type specimens. It i^ true that specimens of thi^ ohara^ttr ought
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to be preserved for study: but seeing that there are in the country a

number of special museums which would gladly become the custodians

of these objects, and that the hope is yet confidently entertained

that Congress will, in due time, establish a national museum which

shall rival those of other countries, it has been thought advisable

to restrict the collections which are retained in the Smithsonian

museum—first, to those made by the exploring expedition, the care

of which Congress has devolved upon the Institution
; and, second,

to such type specimens as are thought of special interest as illus-

trating the Smithsonian publications.

The museum has been rendered particularly attractive to the visit-

ors and inhabitants of Washington by the large number of birds and

mammals which have been mounted for public exhibition, and in this

way it has undoubtedly contributed to the popularity, though it has

diminished the efficiency, of the Institution. The danger, however,

to be guarded against, is the constant tendency to expand the col-

lections, and hence gradually to absorb the income in their support.

It should be recollected that the building has borne upon the re-

sources of the Institution with a cost of more than $300,000, and that

at least an additional $100,000 will be necessary to repair the recent

damages, and this mainly to render the edifice better adapted for the

accommodation of the library and museum.

Little has been said in this sketch in regard to the gallery of art.

The impropriety of expending the income of the bequest in attempt-

ing to form a collection of articles in this line worthy of the country

has had no prominent advocates, even among artists; still, in con-

nexion with the museum, a collection has been formed which princi-

pally consists of plaster casts of distinguished individuals, and a few

pictures which have either been presented to the Institution or are

the property of the government. The only purchase in this line

which the Institution has made is that from Hon. George P. Marsh,

of a series of valuable engravings to illustrate the early history of

art.

Lectures.—As a pari; of the programme of organization, finally

adopted, courses of lectures were to be delivered, but instead of at-

tempting to furnish popular instruction by this means to all parts of

the country, as was at first proposed, the lectures have been confined

to the city of Washington ; and in order to render them generally

u:^eful, s3'nopses of the more important ones have been published in

the annual report's. At the commencement of the Institution, and
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before the plan of orgaoization was generally understood, special

care was taken to invite as lecturers men of prominence in the line

of literature that they might have an opportunity' to become familiar

with the plan adopted, and in this way many prejudices were re-

moved and much information diffused as to the character of the es-

tablishment.

The lectures were commenced before the building was erected, the

first course being in 1847, by the Rev. Dr. Scoresby, of England, on

the construction and use of the large telescope of Earl Rosse, and

have been continued every winter up to the present time. Until

within the last four years they were well attended, and no doubt

produced a beneficial effect ; but since the commencement of the war

and the introduction into the city of a large number of sources of

amusement, the audience has fallen off, or has been composed in a

large degree of persons seeking amusement rather than information^

The most important result produced by the lectures is that derived

from their publication.

Nothing definite can be said at present as to the financial arrange-

ments for the repair of the building. The subject is still before Con-

gress, and although the idea has been confidently entertained that an

appropriation would be made for the purpose, yet from the discussion

which took place in the meeting of the joint committee of the two

Houses appointed to consider this matter, I do not think a resolution

authorizing such an appropriation will be adopted. In view of the

impression produced by this discussion, at which I was invited to be

present, I suggested to the committee that if the members would

agree to recommend, an appropriation to pay the back premium on

coin for the last four years' interest on the Smithsonian fund, and in

the event of the success of the recommendation, I thought the Regents

would have it in their power to finish the repairs by means of the

extra fund which has been accumulated.

Respectfully submitted.

JOSEPH HENRY, Secretary.

Washington, 1865.
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DRAPER'S TELESCOPE,

BY THE REV. T . W . AV E P. R , A. M. , F. R. A. S.

From the "Intellectual Obscrcr/r^" London.

It is gratifyiu'^' to observe that, amidst all the calamities and distresses and

confusion of a most unhappy civil war, the studies of peace have not been

wholly lost to sight. A remarkable instance of this is afforded by the recent

appearance, among the publications of the American Smithsonian Institution,

of a very interesting and valuable memoir, " On the Construction of a Silvered

Glass Telescope, 15^^ inches in aperture, and its use in celestial photography,

by Henry Draper, M.D., Professor of Natural Science in the University of New
York." A copy of this, through the courtesy of the author, being now in my
hands, I have thought that some account of its contents might prove interesting,

especially at a time when silvered glass specula are attracting some attention in

England, and (unless we are much mistaken) are likely to be more generally

known and valued as n"»ost important aids to the progress of observation.

The opening sentence of this memoir requires, howeve.r, we venture to think,

a little qualification. " The construction of a reflecting telescopr> cap.able of

showing every celestial object now known," Dr. Draper tells us, " is not a very

difficult task." We should have no hesitation in expunging the negative here,

unless it were permitted to add, " when study, and labor, and ingenuity, and

perseverance have been brought to bear upon it, equal to those displayed by

Dr. Draper." His subsequent remark is of more universal application :
" The

cost of materials is but trifliug compared with tho result obtained; and I can

see no reason why silvered glass instruments should not come into general use

among amateurs. The future hopes of astronomy lie in the multitude of ob-

servers, and in (he concentration of the action of many minds." His first idea

was derived from an examination, in 1857, of Lord Rosse's great reflector, and

of the machinery by which it was perfected ; and on his return home in the

following year, he resolved to construct a similar, though smaller instrument,

larger, however, than any in America, and adapted to celestial photography.

A metal speculum was first completed, but was split in two during the winter

of 1860 by the expansion of a few drops of water that became frozen in the

supporting case ; and his attention was then, at Sir John Herschel's suggestion,

turned to silvered glass mirrors, as reflecting more than 90 per cent, of incident

light, with only ^th of the weight of metal. The year 1861 was occupied in

overcoming the difficulties of grinding and poli.shing three 15j-inch disks of

glass, as well as a variety of smaller pieces. Three similar mirrors were found

almost essential, as two would often be so much alike that a third was necessary

to gJiin a further step in advance. One was made to acquire a parabolic figure,

(see L\tellf,cti:al Observer, iii, 213,) and bore a power of 1000. The
winter was spent in perfecting the art of silvering and studying photographic
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processes. A large portion of 1862 was spent with a regiment in a campaign

in Virginia, but in the autumn sand-clocks and clepsydras of various kinds were

made, and the driving mechanism attained great excellence. During the winter

the art of communicating the parabolic figure by Foucault's method was acq^uired,

and two i.55^-inch mirrors, and two of 9 inches, for enlarging photographs, were

completed. The greater part of 1SG3 was spent in lunar and planetary pho-

tography and the enlargement of negatives, some of which were magnified to

three feet in diameter. Two specula of 15 J inches were also completed, ground

to an oblique focus for front view. " This work," he adds—and any one with

very little experience may judge of the immense amount of toil involved—"has

all been accomplished in the intervals of professional labor." Many of the

expedients adopted in the working, which are detailed at fall length, are

strikingly characteristic of ingenuity as well as perseverance. To avoid the

tediousness of grinding out defects in a metal surfiice, they were " stopped

out," after the manner of engravers, and the uncovered space corroded away

by the action of nitro-hydrochloric acid. By a similar mode, the strength of

the acid being graduated in separate zones towards the edge, an increase of 15

inches in focal length was gained. The grinder and mirror were at another

time included in a voltaic circuit to abridge the grinding process, and an idea

v/as entertained of saving much weight by electrotyping a brass mirror Avith

speculum metal. When he commenced operations Avith glass he had to polish

with his own hands more than one hundred mirrors of various sizes, from 19

inches to ^ inch, and to experience very frequent failures for three years before

he was able to produce large surfaces certainly and speedily. His labor would

have been much diminished, inasmuch as he would have been spared the cause-

less condemnation of many fine mirrors, as well as the working of some square

ones, had he become earlier aware of an important fact respecting the rigidity

of the material.* Generally speaking, a sheet of glass, even when very thick,

can hardly be set on edge without so much flexure as to render it optically

worthless ; but, fortunately, in every disk that he tried, there was one diameter

on either end of which it might stand without harm. On turning a disk of \^\

inches, with a thickness of \\ inch, one quarter round, it could hardly be

realized that the surface was the same : 90^ more restored it to its original

defining power ; and this effect was found to be independent of any irregularity

on the edge of the disk and of the mode of support. Dr. Draper refers it, with

great probability, to the structure of the glass, resulting from its having been

subjected to rolling pressure. A similar irregularity of structure is known to

obtain in many large object-glasses, and Dr. Draper specifies the great achromatic

by Cauchoix, presented by the late Duke of Northumberland to the University

of Cambridge, as having had its lenses turned roimd by Mr. Airy in mounting,

for this reason. Short's Gregorian specula, too, were always marked on the

same account. The strange deformations of image produced by heat, even by

* In examining and testing last year some fine 8-incli specula of Mr. With'sAvorkmanship,
I bad mdepeudeutly ascertained this peculiarity, so far as a ftes< positio'i for each was con-
cerned, but 1 stopped short of Dr. Draper's discovery of a regular axis of rlgid'dtj.
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the warmth of the hand for a few seconds, are described and represented.

From euch distortions the speculum would not recover in ten miuutes, and the

error would be rendered permanent by repolishing in that condition ; and so

injurious may such causes, even in a lesser degree, prove during the delicate

process of the final correction of the spherical error, that " a current of cold or

warm air, a gleam of sunlight, the close approach of some person, an unguarded

touch, the application of cold water injudiciously, will ruin the labor of days."

He found it a matter of not unfrequent occurrence that a speculum would per-

form much better with rays of a certain amount of obliquity,* deviating from

2° to 3° from the axis. It is obvious that if this peculiar form could be pro-

duced at will, and to an adequate degree, it would render the Lemairean or

front view telescope perfect. Dr. D., however, found that the image was never

quite as fine as in the usual kind of mirrors. A letter of Maskelyne subse-

quently came under his notice, in which he describes a very great improvement

effected in a 6foot reflector by Short, by inclining the large speculum 2i°, and

remarks, very reasonably, that " probably it will be found that this circum-

stance is by no means peculiar to this telescope;" a hint which may be Avorthy

of the consideration of the possessors of reflectors. Such surfaces require to be

rcground, or " re-fined," i. e., finished with the finest emery, to get rid of this

obliquity, as i-epolishing, though occasionally successful in a few minutes, wifi

not always effect it ; the attempt failed in one instance, though continued for

13J hours.

The modes of forming the requisite tools, of preparing emery, of grinding,

polishing, testing, (by Foucault's mode,) and silvering the surface, are somewhat

too technical to find a place here, but some interesting facts are worthy of being

referred to. Such is the effect produced by the removal from a cast-iron tool,

15^ inches in diameter, divided into ^-inch squares, like a chessboard, of every

alternate square, by an acid. Though the corrosion extended only to a very

slight depth, it flattened the curvature of the tool 7^ inches. " This shov/s

what a state of tension and compression there must be in such a mass, when the

removal of a film of metal 5'y ^^ ^^ ^^ ^'^'^^ thick, here and there, from one sur-

face, causes so great a change." Another important remark is, how injurious

an atmospheric disturbance is set up by the intermixture of currents of warm
air from the observer's person with the rays falling on or reflected from the

mirror—an observation which I made many years ago, and which any one may
test by directing a Newtonian to any bright object, and placing one hand beneath

the aperture, while an eye-piece held in the other hand, and applied to the eye,

is carried back a considerable distance, so as to obtain a very long focus, and

render the ascending currents more visible. It has not, I believe, been generally

remarked how prejudicial an effect this must have on definition in the front-

view reflector, and it would be a worthy object of attention to remove the evil

by the interposition of some non-conducting shield.

* I became acquainted with this fact many years ago, when working metals for a small

Newtonian reflector.



draper's telescope 65

A full trial was given to no less than seven machines, on the principles

employed by Lord Rosse and Lassell, witii modifications of his own. The

prime mover, called the "foot-power," was a very ingenious contrivance, in

which very little force is lost in overcoming friction, and which is frequently

employed in America for dairy use. Dr. D. himself generally walked in his

own, and has travelled some days, during five hours, more than ten miles. It

consists of an endless band of short transverse boards or " treads," interlocking

so as to form a platform to tread upon, which will not yield downwards on its

upper side, but hangs loose in the return half beneath, and passing over wheels

and rollers at either end. This succession of boards, having one end a little

higher than the other, runs downwards as soon as a weight is placed upon it,

and communicates motion to a large wheel on the axle of the one over which it

tiirns, and through it to any coimected machinery. Being placed between a

handrail on either side, it offers the appearance of a little narrow bridge, as over

a ditch, composed of transverse boards, on which the mover may walk all day

without getting a step forward. It is, in fact, a species of treadmill, of a much

more pleasant construction.

The mode of giving a parabolic figure finally preferred by Dr. D. is that of

" local retouches," in which the edge of a spherical mirror is flattened, or, which

lie thinks preferable, the centre is bored out deeper, by appropriate polishers of

curvatures differing slightly from that of the original tool on which it was

wrought. This method, as invented by M. Leon Foucault, at Paris, was em-

ployed by hand, but has been practiced by Dr. D. with suitable machinery, and

with excellent results ; his great specula, thus finished, bearing a power of 1200,

and dividing the celebrated test-pair f' AndromedcB ; while so great is the

light-collecting power of \b\ inches, that the companion of Weqa can be per-

ceived even with the unsilvered surface; some portions of the moon are even

more visible than after silvering—a hint worth notice. When silvered, the

quantity of lunar light is so overpowering as to impair for a long time the vision

of an eye placed at the focus. Several modes of silvering were tried by Dr. D.,

some devised by himself. Foucault's proved uncertain in its results ; that of

Cimcg, with tartrate of potash and soda, for looking-glasses, modified so as to

fit the silver for being polished on the reverse side, he found superior to any,

and in using it " never on any occasion failed to secure bright, hard, and in

every respect perfect films." Their thickness is about
a ooVo o ^^ ^^ vclqSi—nearly

the same with that of gold-leaf of equal transparency—the sun appearing

through the silver of a light-blue tint. Variations in its thickness are conse-

quently only small fractions of that fraction, and of no optical moment whatever.

It tarnishes quickly if exposed to sulphuretted hydrogen—a defect which has

been avoided in the English process—and it may be split up into fissures by

damp ; but heat does not affect it, and it is generally very enduring. " I have

some," the doctor says, " which have been used as diagonal reflectors in the

Newtonian, and have been exposed during a large part of the day to the heat of

the sun concent«-ated by the 15|-inch mirror. These small mirrors are never

covered, and yet the one now in the telescope has been there a year, and has

5 S
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had the dusty film, like that which accumulates on glass, polished off it a dozen

times."

Besides other interesting optical particulars, the memoir contains many direc-

tions for the successful practice of celestial photography, some of which might

be found equally valuable for terrestrial purposes ; and to these we may advert

on a future occasion, adopting for the present the author's closing remarks :

" In concluding this account of a silvered glass telescope, I may answer an

inquiry which, doubtless, will be made by many of my readers, whether this

kind of reflector can ever rival in size and efficiency such great metallic specula

as those of Sir W. Herschel, the Earl of Eosse, and Mr. Lassell 1 My expe-

rience in the matter, strengthened by the recent successful attempt of M. Fou-

cault to figure such a surface more than thirty inches in diameter, assures me

that not only can the four and six feet telescopes of those astronomers be

equalled, but even excelled. It is merely an affair of expense and patience. I

hope that the minute details I have given in this paper may lead some one to

make the effort."

BRIEF REVIEW OF A MEMOIR ON THE CRETACEOUS REPTILES OF THE
UNITED STATES, PUBLISHED IN THE FOURTEENTH VOLUME OF THE
SMITHSONIAN CONTRIBUTIONS TO KNOWLEDGE.

BY THE AUTHOR, JOSEPH LEU)Y, M. D

The cretaceous formations are so named from the Latin creta, chalk, from the

fact that the chalk of England forms the most striking rock of the series.

They underlie or immediately precede the tertiary formations, and contain a

great many fossils. Plants are rare because the cretaceous rocks are all of

marine origin, or consist of deposits which were formed at the bottom of the

ocean. The remains of animals are numerous, but they are confined to the

lower orders, as no authentic traces of birds or mammals have yet been dis-

covered in them.

Cretaceous formations, as indicated by their contained fossils and relative

position to other rocks, are widely extended throughout the United States,

though they contain no true chalk. They are mainly composed of beds of

sand, clay, soft and compact limestones. Among the sandy layers are extensive

deposits known as green-sand, which, under the name of marl, is much em-

ployed as a fertilizing material.

The cretaceous formations extend in a large tract through New Jersey,

Maryland, and Delaware, and appear in isolated patches in North and South

Carolina and Georgia. From the western part of the latter State they curve

in a wide crescent-like tract through Alabama, Mississippi, and Tennessee, to

the mouth of the Ohio river. Thence passing in a narrow band through

Arkansas, they expand so as to occupy a great portion of the region between
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the Mississippi river aud tlie Rocky mountains, reaching north into British

America, and south into Mexico. In New Jersey they are estimated to have

a thickness of from four to five hundred feet; in the region of the Upper

Missouri, from two to two thousand five hundred feet.

Multitudes of fossils are found in the American cretaceous formations, though

the species appear not to be so numerous as in those of Europe. The mollusks

are particularly abundant, and among them are a great many species of cham-

bered shells. A species of .ammonite is found on the Upper Missouri as large

as an ordinary fore-wheel of a wagon. Remains of fishes are likewise numerous,

but generally they are found in a very fragmentary condition. Scales, vertebras,

and teeth, are usually the fossils which represent them. The teeth of sharks

are especially numerous. Bones of reptiles are also abundant, and their remains

form the subject of the author's memoir. As in the European cretaceous

formations, no evidences have yet been discovered of the existence of birds or

mammals in those of the United States.

Most of the reptilian remains described by the author have been derived

from New Jersey, where they are constantly being discovered in the digging

of marl for agricultural purposes. Various genera aud species of the crocodile

family existed during the cretaceous period, as indicated by their remains.

Some of these had the skeleton constructed after the same pattern as those now

living, while others were peculiai*, or have no near representatives in existence.

All living crocodiles, under which term we include the gavials and alligators,

have the vertebrae or bones of the spinal column, with their bodies concave in

front and convex behind, so that they are firmly jointed in a ball and socket-

like manner. Several species of extinct crocodiles, having the spinal column

constructed in the same manner, have been discovered in the cretaceous lime-

stone and green-sand o^ New Jersey and Delaware. One of the latter species,

named Thoracosaums- neocesariensis, signifying the armor-covered saurian of

New Jersey, resembled in its form and size the modern long-snouted gavial, or

crocodile of the Gauges. A nearly entire skull of this animal was discovered

imbedded in limestone on the farm of General William Irick, near Viucenttown,-

Burlington county. New Jersey, and is now preserved in the museum of the

Academy of Natural Sciences of Philadelphia. Fragments of jaAvs and long,

curved, conical teeth of the same species have been found in other localities of

the State, as the highlands of Neversink, the vicinity of Blackwoodtowu, Cam-
den county. Big Timber creek, Gloucester county, and in Burlington county.

Vertebrce aud other bones, including specimens of the strong osseous plates of

the skin, have likewise been discovered in Burlington county.

The skull of this crocodile, when perfect, has measured over a yard in length,

and the whole animal about twenty-five feet.

A species of the same genus, the Thoracosaurus macrorhijncJius has been

discovered in a cretaceous formation of France, and a fine skull of it is j ire-

served in the museum of the Jardin des Plantes, at Paris.

w4aother extinct crocodile, named Botfosaurus Harlani, after Dr. Harlan, who
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first noticed the species in 1824, is yet only known from several fragments of

jaws, a few teeth, and vertebrai, found in the green-sand of Burlington county,

New Jersey. The specimens indicate this crocodile to have resembled in its

construction and size the alligator of the Mississippi, or the crocodile of the Nile,

more nearly than the Gangetic gavial. Several smaller species of crocodiles,

with concavo-convex vertebrce, or vertebraj of the same construction of those

of living crocodiles, are indicated by specimens of vertebras and other bones

found in the green-sand of New Jersey and Delaware.

Another crococTilian reptile, the remains of which have been found in the

green-sand of New Jersey, is the Hyposaxirus Rogersii, named by Professor

Owen, of London, after Professor Rogers, who submitted several vertebrce of

the animal to his inspection about fifteen years ago. This crocodile belongs to

a more ancient type of structure than the former ones, and has no near living

representative. The vertebra? have their bodies dished at both extremities, or

biconcave, as in fishes, though in a much less degree. No considerable portion

of the skeleton of this species has yet been discovered, and its remains are

usually in an exceedingly friable condition. The author has had the oppor-

tunity of observing specimens of vertebrce, fragments of bones of the limbs,

and teeth of about eight different individuals. The teeth are long, narrow,

and curved conical like those of the Gangetic gavial, but are more or less com-

pressed, so as to present anterior and posterior trenchant or cutting borders,

The animal did not exceed in size the alligator of the Mississippi.

Another crocodilian reptile, much larger than any of the preceding, and con-

structed after a different type, has been named Discosaurus ictustus. Only

vertebrae and some of the small bones of the limbs of the species have as yet

been found. The bodies of the vertebraj have their articular ends flat, or nearly

so, and they bear a general resemblance with the corresponding portions of the

vertebrae of the living cetaceous, or animals of the dolphin and whale order.

The genus is named from the articular ends of the vertebral bodies appearing

as distinct disks or plates implanted on the latter. Remains of six different in-

dividuals have been observed by the author from the green-sand of New Jersey

and from other cretaceous formations of Georgia, Alabama, and Mississippi. A
few bones of a foot of this reptile from New Jersey indicate the limbs to have

been constructed as fins, so that the animal was more eminently af[uatic than

the true crocodiles.

An equally large crocodilian reptile with the one last indicated, and closely

allied to it, as proved by the construction of the vertebra?, has been named

Cimoliasaurus magnus, the generic term signifying its contemporaneous age

with the chalk. The remains of this animal, consisting of a number of verte-

brae, have as yet only been discovered in the green-sand of Burlington and

Monmouth counties. New Jersey.

To conclude with the American cretaceous crocodiles, a large tooth, belong-

ing to the museum of the Smithsonian Institution, from a deposit of the Red
siver of the North, indicates a peculiar species, to which the name of Pirafo-

xaurus phratus has been given. The specimen was foltnd in association with

a number of shaik teeth, of species evidently of the cretaceous epoch.
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One of the most extraordinary reptiles wliicli existed during the cretaceous

period, both in Europe and America, is the Mosasaurus, or lizard of the Meuso.

It Vv^as of gigantic size, and is most nearly related, among living reptiles, to the

comparatively puny lacertians and monitors.

A nearly entire skull, including the jaws and teeth, of the Mosasaurus cam-

peri, was discovered in 17S0 in one of the subterraneous quarries of St. Peter's

j\fount at Maestricht. When found, the quarryraen gave notice of its discovery

to Dr. Hoffman, a surgeon of Maestricht, who collected fossils. Dr. Hoffman

succeeded in safely removing the skull from its position in the quarry, imbedded

in a large block of stone, and had it conveyed to his residence. The remarka-

ble specimen having attracted much attention, its fame reached the ears of a

reverend canon who owned the ground above the quarry from whence the skull

had been obtained. The canon laid claim to the specimen and applied to law

for its possession. After a troublesome suit he obtained it, much to the cost

and chagrin of Dr. Hoffman. In 1795 the army of the French republic laid

siege to Maestricht and bombarded Fort St. Peter, near which was the country

residence of the canon, where the fossil skull was preserved. The general of

the French having been informed of the circumstances relating to the fossil,

gave orders that the artillerists should avoid that particular quarter. The

canon suspecting the object of this exemption, had the skull conveyed to a place

of safety in the city. After the army obtained possession of the latter, Freicine,

the representative of the people, promised a reward of six hundred bottles of

wine for the recovery of the skull, which had the desired effect, for the follow-

ing day a dozen grenadiers bore the specimen in triumph to his house. It was

subsequently conveyed to Paris, and now forms part of the collection of the

museum of the Jardin des Plantes. The skull of the Maestricht Mosasaurus, or

Maestricht monitor, as it is also called, was nearly four feet long; the lower

iaw three feet and three-quarters. The jaws were occupied by fifty-six teeth,

besides which there were sixteen at the entrance of the throat on the ptemygoid

bones. The teeth are large; have curved conical crowns, with the surfaces sub-

divided into narrow planes ; and have remarkably robust fangs inserted into

deep sockets of the jaws, with which they became firmly co-ossified.

Cuvier estimated the number of vertebrae to have been one hundred and

thirty-three, and their bodies are concavo-convex, as in living crocodiles. The
tail vertebrse are especially remarkable from their construction, being provided,

as in fishes, with a co-ossified arch and spine below the bodies as well as above.

The character of these caudal vertebroe indicates the tail to have been laterally

flattened and of great comparative depth, and thus well adapted to the aquatic

habits of the animal.

Remains of a species of Mosasaurus, equally huge with the Maestricht moni-

tor, are frequently found in New Jersey in the digging of green-sand for agri-

cultural purposes, but they are usually in a very fragmentary condition. Nev-

ertheless, not a year has passed within the last thirty that isolated teeth,

vertebral fragments of jaws, and other bones, have not been turned up in the
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diggings of the marl. Some of the specimens of teeth exceed six inches in

length, but generally they are smaller.

The teeth present considerable variety, generally having curved conical or

pyramidal crowns, frequently more or less compressed, with the surfaces in

different degrees subdivided into narrow planes or nearly or quite devoid of

them. The root or fang is cylindrical and several times the bulk of the crown,

and is inserted in a deep socket with which it is usually observed firmly co-os-

sified, though it may also be loose, depending on the age or state of development

of the tooth. New teeth were incessantly developed as those in use were

worn away. They made their appearance at the back part internally of the

fan"-3 of the latter, and their fangs were gradully hollowed to accommodate

the growth of the new teeth. The crowns of the old ones were then shed to

allow the new ones to occupy their place, and after the full growth of the new

teeth their fangs co-ossificd with their containing sockets. A constant succes-

sion of teeth in this manner took place during the life of the Mosasaurus.

The remains of the I*few Jersey Mosasaurus have been referred to a species

named M. MitchilU, in honor of Dr. S. L. Mitchill, of New York, who first

directed attention to their existence in this country in 1818. A few fossils,

apparently of the same species, have been found in North and South Carolina.

Remains of Mosasaurus, probably of a different species from the former, have

been discovered on the Upper Missouri, of which a notice was first given by Dr.

R. Harlan, in 1834. The greater part of a skeleton was subsequently found

by Major O'Fallon, imbedded in a rock in the vicinity of Big Bend, and was

presented by him to Maximillian, Prince of Wied, who was then travelling in

western America. The prince had the specimen conveyed to Europe and pre-

sented to the Academy of Naturalists at Bonn, in the museum of which it is

now preserved. Dr. Goldfuss, who described the specimen, estimated the num-

ber of vertebrse to have been one hundred and fifty-seven. "We have but little

certain knowledge of the bones of the limbs of Mosasaurus ; but the more

authentic specimens which have been found go to show that the animal was

provided with fins adapted to swimming.

Remains apparently of a comparatively small species of Mosasaurus, or of

a closely allied genus, have been discovered in the cretaceous formations of

Alabama and Mississippi.

Some isolated vertebrse of large size, from the green-sand of New Jersey, are

supposed by Professor Owen, of London, to indicate a saurian distinct from

Mosasaurus, though allied to it, to which he has given the name of Macrosaurus

Icevis. Similar vertebras have been found in North Carolina. A long, narrow,

conical tooth crown, with the surfaces subdivided into planes, from the green-

sand of Burlington county, New Jersey, and an exactly similar one from the

shores of Cape Fear river, North Carolina, indicate another reptile, probably

allied to Mosasaurus, which have been named Pohjgonodon vetus.

Perhaps the most extraordinary reptile yet discovered in the American creta-

ceous formations is an enormous herbivorous lizard, the Hadrosaiirus FoulJcii.

A gentleman of Philadelphia, W. Parker Foulke, while passing the warm season
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of 1S5S in tlie pleasant little village of Haddonfield, Camden county, Xevv'

Jersey, was informed by a neiglibor, Mr. J. E. Hopkins, that somo remarkable

bones of huge size had been discovered while digging marl upon his farm about

twenty years previously. The specimens first found had been all given away

or lost. Under the expectation of finding others, Mr. Foulke employed men

to dig in the position of the old excavation, which was in a ravine through

which flowed a branch of Cooper's creek. At the depth of nine feet numerous

bones were found in a bed of tenacious blue clay, mingled with a multitude of

fossil shells. The bones, though fractured, were otherwise well preserved, and

exhibited no appeartince of being water-rolled. Indeed, the most delicate of the

accompanying shells, though decomposed, had preserved their forms so per-

fectly that it was evident the animal remains had originally rested on the soft

mud at the bottom of a quiet sea. The bones which were obtained consisted

of twenty-eight vertebra?, part of the pelvis, most of the bones of the left fore

and hinder extremities, some small fragments of jaws, and nine teeth.

The vertebrae of the neck and forepart of the dorsal region have their bodies

convex in front and concave behind, the reverse of the condition in th^ living

crocodiles, and in the extinct Mosasaurus. The degree of convexity and con-

cavity declines in the posterior dorsal vertebrae, and in the vertebrae of the loins

and tail the bodies are biconcave. The anterior caudal vertebra are th'^ largest

of the spinal column, though not so long as most of the others. A perfect speci-

men indicates the tail to have been of enormous size—near the. root about a foot

and a half in vertical diameter, and eight inches transversely. The humerus or

arm bone is twenty-tvro and a half inches long, and nearly seven inches broad

at the upper part. The bones of the forearm have about the same length. The
bones of the hinder extremity are especially remarkable for their huge propor-

tions, whether viewed independently or in relation with those of th^ fore ex-

tremity. The femui', or thigh-bone, is forty-one inches and a half long and

fiifteeii inches in circumference near the middle. The tibia, or shin-bone, is over

three feet long, and nearly a foot in circumference about the middle. Both the

humerus and femur contain large medullary cavities.

The remains of Hadrosaurus exhibit a close relationship of the reptile with

the Tguanodon, a lizard of ec[ually huge proportions and like habits, discovered

by Dr. Mantell in the next oldest formation to the cretaceous, known as the

wealden of Europe. The specimens of the Tguanodon ManteUi now form part

of the magnificent collection of the British Museum.

Hadrosaurus and Tguanodon, in proportions and habits, held the same rela-

tionship with other great extinct lizards that the bulky herbivorous pachy.

deims do among ordinary mammals. They might be viewed as the oxeu

among the tigers, and insect eaters of lizards.

Among living lizards, the Iguanas of South America, and the marine

Amblyrhynchus of the Galipagos islands, are the only ones which are vege-

table feeders, and in these the sharp, serrated teeth are only adapted to cutting

thi softer kinds, such as fruits, flow.-rs, sea-weed, &c., and are not at all fit for

masti-ation or grinding the food.
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When Dr. Mantoll first exhibited teeth of the Igiianodon, no one would

believe that they belonged to a reptile, and even Ciivier pronounced a worn

specimen to be the tooth of a rhinoceros.

The teeth of Hadrosaurus have the same general constitution as those of

Jguanodon, being adapted to the trituration of vegetable food. They are

exceedingly small in relation with the size of the animal, measuring only a

little over an inch in length, but they were numerous, and appear to have been

arranged so closely together as to form a continuous pavement at the border of

the jaws, well adapted to the crushing and comminution of vegetable sub-

stances. As the teeth in use were worn away, they were incessantly followed

by others, which also appear to have been arranged in close apposition with

one another.

Hadrosaurus was probably an amphibious reptile. Its huge, laterally flat-

tened tail was evidently adapted to swimming. The large hollows in the

interior of the arms and thigh bones would indicate a partially terrestrial habit.

The great disproportion between the fore and back parts of the body has led

to the view that when not swimming the huge reptile supported itself in a frog-

like position, though it had an additional prop in the huge tail.

Teeth nearly like those of Hadrosaurus, but referred to another reptile,

named TracJiodcn, have been discovered by Dr. F. V. Hayden, in a formation

of unascertained age, though probably cretaceous, in the bad lands of the

Judith river, a tributary of the Missouri, near its source.

Other huge bones of reptiles have been discovered in the Xew Jersey green-

sand, of uncertain reference, but most probably of species allied to Hadrosaurus.

Several bones, from Burlington county, of a reptile of comparatively small size

Avith the latter, though also probably allied to it, are remarkable for their hol-

lowuess, almost approaching in this respect the condition of the bones of birds.

They have been referred to a genus under the name of Coelosuurus, the term

referring to the hoUowness of the skeleton.

Several teeth of a large reptile, discovered in a cretaceous formation near

Bladensburg, Maryland, have been referred by Dr. Johnson, of Baltimore, to a

peculiar genus, under the name of Astrodon,

A large tooth, mingled with a number of others of sharks, from the green-

sand of Mullica Hill, Lancaster county. New Jersey, indicates a carnivorous

reptili^, to which the name of Tomodon liorrijicus is applied. The tooth re-

sembles a large shark tooth, being broad, flattened conical, with sharp, cutting

bn-ders minutely serrated. The original possessor of the tooth Avas no doubt

a fierce and sanguinary cotemporary of the peaceful, herb-eating Hadrosaurus

.

Of turtles, the green-sand of New Jersey has furnished the fossil remains of

a number of genera and species. The fossils are, however, generally in a very

imperfect state, usually consisting of fragments of a few plates of the bony
shell. The remains observed by the author appear to indicate; eight species

of five genera. Of these, two are referred to Chelone, three to Evvjs, one to

JPIatemys, one to Trionyx, and one to a peculiar genus

—

Botlircmys. The latter

is remaikable from the "jaws being provided with largo funnel shaped pits, one
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on etacli side, tliose of the upper jaw being opposed, to the lower ones. It is

difficult to conjecture the use of these pits, though the author has suspected

that probably these sprung from the tooth-like processes of the horny beaks

with which the jaws of turtles are furnished. A skull, the only part yet dis-

covered which is distinctly referrible to the genus, was obtained from the green-

sand near Barnsboro', Gloucester county, New Jersey. It bears a resemblance,

among living turtles, most nearly to the great Amazon turtle, Podocnemys.

The species is named Bothremys Gookii, in honor of Professor George H.

Cook, of Rutger's college, New Brunswick, New Jersey, who greatly assisted

the author in procuring specimens for his examination, which form part of the

material of the memoir.
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REPORT OF THE ASSISTANT SECRETARY.

Smitiisoman Institution,

Was/iington, D. C, December 31, 1864.

Sir : I beg herewitli to present a report, for 1864, of the operations which

you have intrusted especially to my charge ; mainly, those relating to ex-

changes and the collections.

Very resjDCctfully, your obedient servant,

SPENCER F. BAIRD,
Assistant Secretary Smithsonian Institution.

Prof. Joseph Henry, LL.D.,

Secretary Smithsonian Institution.

EXCHANGES AND TRAXSPORTATION.

The distribution of publications of the year included volume xiii of the

Smithsonian Contributions to Knowledge, of 558 pages and seven plates

;

volume V of Miscellaneous Collections, of 774 pages ; and the Annual Report

of the Institution for 1862, of 450 pages ; making an aggregate of 1,782 pages

and seven plates.

As heretofore, the packages transmitted and received included all the ex-

changes between the learned institutions and men of science generally of

America and other parts of the Avorld, the details of -which are shown in the

accompanying tables. As in previous years, the Institution has to make its

grateful acknowledgments for services rendered in connexion with these opera-

tions by the Cunard, the Bremen, the Hamburg, and the Pacific Mail Steam-

ship lines ; the Panama Railroad Company, the Adams Express Company,
the itudson's Bay Company, &c. Privileges similar to those granted heretofore

by the Adams Express Company have, during the year, been also extended

by the Harnden and the American Express Companies.

To Messrs. Hiram Barney and Simeon Draper, collectors of the port of New
York, and Mr, George Hillier, of the custom-house ; and to Mr. Samuel Hub-
bard, of the Pacific Mail Steamship Company, in San Francisco, the Institu-

tion continues to be under many obligations for important aid extended in con-

nexion with its system of exchanges and transportation. Its thanks are also

due to Messrs. F. Probst & Co , of New York, and their correspondents in

Vera Cruz, Messrs. Leffmann and Gutheil, for valuable assistance in the ex-

changes with Mexico.

The regular foreign agents of the Institution—Dr. Felix Fliigel, of Leipsic

;

Messrs. Gustavo Bossange & Co., of Paris; Mr. William Wesley, of London;
and Mr. Frederick Miiller, of Amsterdam—have continued to discharge theu'

duties to the full satisfactioir of the Institution.
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A.

Receijyis of boohs, S^'c, hi/ exchange in 1864.

Volumes :

Octavo '
. . . 645

Quarto 153
Folio 25

823
Parts of volumes and pamphlets :

Octavo 1, 945
Quarto 680
Folio 129

2, 754
Maps and charts 109

Total 3, 686

Table showing the statistics of exchanges of the Smithsonian Institution in 1864.

Agent and country.
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c.

Addressed packages received by the Smithsonian Institution from parties in

America, for foreign distrihution, in 1863.

ALBANY, NEW YORK.

New York State Library

AMHERST, MASSACHUSETTS.

Dr. C. H. Hitchcock

BOSTON, MASSACHUSETTS.

American Academy of Arts and Sci-

ences
Society of Natural History

CAIMBRIDGE, MASSACHUSETTS.

Library of Harvard College
Museum of Comparative Zoology
Nautical Almanac
Alexander Agassiz
A. S. Packard
Prof. H. J.Clark

COLUMBUS, OHIO.

Ohio State Agricultural Society

DORCHESTER, MASSACHUSETTS.

Dr. Edward Jarvis

INDIANAPOLIS, INDIANA.

Institution for the Deaf and Dumb. ..

IOWA CITY, IOWA.

Prof. G. A. Hinrichs

JACKSONVILLE, ILLINOIS.

niiuois State Hospital for Insane

JANESVILLE, WISCONSIN.

Institution for the Blind

MONTREAL, CANADA.

Prof. J. W. Dawson

la^

10

140
212

19
350

43
G3
12
24

80

13

12

17

60

41

26

NEW HAVEN, CONNECTICUT.

American Journal of Science
American Oriental Society

NEW YORK.

New York Lyceum of Natural History.
Thomas Bland
Dr. Henry Draper

PHILADELPHIA, PENNSYLVANIA.

Academy of Natural Sciences
Entomological Society of Philadelphia.
American Pharmaceutical Association.
George W. Tryon, jr

Dr. S. W. Mitchell!

Dr. Wilcox

PROVIDENCE, RHODE ISLAND.

State of Rhode Island

ST. LOUIS, MISSOURI.

Academy of Sciences

SANTA B.\RB.\RA, CALIFORNIA.

A. S. Taylor

TORONTO, CANADA.

Canadian Institute

Observatory

WASHINGTON, D. C.

United States National Observatory
United States Patent Office

United States Coast Survey
United States Treasury Department ..

Department of Agriculture

Total 3,462
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D.

Addressed packages received hy the SmWisonian Institulion from Europe, for
distribution in America, in 1864.

ALBANY, NEW YORK.

Albany Institute

Dudley Observatory
New York State Agricultural Society
University of the State of New York
State Library
Prof. J. Hall
Franklin B. Hough

AMHERST, MASSACHUSETTS.

Amherst College
Dr. E. Hitchcock
Prof. C. U. Shephard

AXNAPOIJS, MARYLAND.

State Library of Maryland

ANN ARBOR, INHCHIGAN.

Observatory ,

University of Michigan
Dr. Bruunow

AUGUSTA, MAINE.

State Library ,

State Lunatic Hospital ,

AUSTIN, TEXAS.

State Library ,

BALTIMORE, MARYLAND.

Maryland Historical Society
Dr. John G. Morris ,

BATON ROUGE, LOUISIANA.

State Library ,

BOSTON, MASSACHUSETTS.

American Academy of Arts and Sci-

ences
American Board of Commissioners for

Foreign Missions
Atlantic Monthly
Boston Athenaeum
Boston Society of Natural History..
Bowditch Library
Geological Survey of Massachusetts

.

Massachusetts Ilis-torical Society
North American Review
New England Historic-Genealogical

Society

•2

11

29
4

41

123

1

I

2
145
2
1

3

2

BOSTON, MASS.—Continued.

Perkins Institute and U. S. Asylum
for Blind

Prison Discipline Society
Public Library
State Library
Dr. Charles Beck
Alvan Clarke
Dr. John Dean ,

Dr. A. A. Gould ,

Colonel J. D. Graham
Rev. Mr. Grout ,

John R. Motley ,

Prof. W. B. Rogers ,

Charles Sprague
Dr. D. H. Storer ,

Hon. Charles Sumner
George Ticknor
Hon. R. C. Winthrop

BRATTLEBORO', VERMONT.

Vermont State Lunatic Asylum

BROOKLYN, NEW YORK.

J. C. Brevoort

BRUNSWICK, MAINE.

Bowdoin College
Prof. P. A. Chadbourue
A. S. Packard, jr

BUFFALO, NEW YORK.

F. Ilusted

BURLINGTON, IOWA.

Iowa Historical and Genealogical In-

stitute

BURLINGTON, VERMONT.

University of Vermont

CAMBRIDGE, MASSACHUSETTS.

American Association for the Advance-
ment of Science -

Astronomical Journal
Harvard College
Museum of Comparative Zoology
Observatory of Harvard College
Cleveland Abbe
Prof. L. Agassiz
Prof. G. P. Bond
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D.—Addressedpackages received b>j the Smithsonian Institution, Sfc.—Continued.

CAMBRIDGE, MASS.—Continued.

Prof. A. Agassiz
Prof. H. J.Clark
Miss Feltou
Prof. Wolcott Gibbs
Prof. Goodwin
Dr. B. A.Gould
Dr. Asa Gi ay
Prof. Kenry W. Longfellow.
Prof. Jules Marcou
Charles E. Norton
Prof. B. Peirce

F. W. Putnam
T. H. Safiford

J. Langdon Sibley

Jared Sparks
Prof. J. E. Worcester .......

Prof. J. Wyman

CHICAGO, ILLINOIS.

Academy of Sciences

Chicago Historical Societjj.

Mechanics' Institute

Robert Kennicott

CINCINNATI, OHIO.

American Medical College

Historical and Philosophical Society.

Mercantile Library
Observatory
J. Taft

CLEVELAND, OHIO.

Dr. J. S. Newberry

CLINTON, NEW YORK.

Hamilton College
Hamilton College Observatory

.

Dr. C. H.F.Peters

COLUMBLA, MISSOURI.

Geological Survey of Missouri-

Missouri University

State Library

COLUMBIA, PENNSYLVANIA.

Prof. S. S. Ilaldeman

COLUMBUS, OHIO.

Ohio State Board of Agriculture.
State Library
Leo LesquereauK

1

1

1

1

10

28
1

7
1

13
1

2
1

I

5
2

12
1

2
2

72
6

CONCORD, NEW HAMPSHIRE.

Natural History Society
New Hampshne Asylum for Insane. .

.

State Library

DES JMOINES, IOWA.

State Library

DETROIT, MICHIGAN.

Michigan State Agricultural Society..

Office of Survey of the North Ameri-
can Lakes

Dr. Tappan

DORCHESTER, MASSACHUSETTS.

Hon. Edward Everett.

Dr. Edward Jarvis...

EASTON, PENNSYLVANIA.

Dr. Brackenridge Clemens
Prof. James H. Coffin

ERIE, PENNSYLVANIA.

Rev. L. Olmstead

FRANKFORT, KENTUCKY.

Geological Survey of Kentucky.
State Library

GAMBIER, OHIO.

Kenyon College

GEORGETOWN, D. C.

Georgetown College
Dr. L. Mackall....
Dr. A. Schott

HAURISBURG, PENNSYLVANIA.

Pennsylvania State Lunatic Hospital.

State Library

HARTFORD, CONNECTICUT.

Historical Society of Connecticut...
Retreat for Insane
State Library
Young Men's Institute

Hon. Henry Barnard

HUDSON, OHIO.

Western Reserve College
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D.

—

Addressedpachnges received by the Srnithsonlan Institution, ^pc.—Contiuued.

INDIANAPOLIS, INDIANA.

Indiana Hospital for Insane

State Library

IOWA CITY, IOWA.

Iowa State University

Prof. Hinrichs

JACKSON, MISSISSIPPI.

State Library'

JACKSONVILLE, ILLINOIS.

State Hospital for the Insane
State Institution for the Blind

JANESVILLE, WISCONSIN.

State Institution for the Blind

JEFFERSON CITY, MISSOURI.

State Library

KALAxMAZOO, MICHIGAN.

Slichigan Asylum for Insane

LANSING, MICHIGAN.

State Agricultural College

State Library

LEXINGTON, KENTUCKY.

Eastern Lunatic Asylum

LITTLE HOCK, ARKANSAS.

State Library

MADISON, WISCONSIN.

Historical Society of Wisconsin
Skandinaviske Presse-Forening
State Library
Wisconsin State Agricultural Society

mONTPELIER, VERMONT.

State Library

JIONTREAL, CANADA.

McGill University
Natural History Society

Dr. J. W. Dawson
Dr. W. H. Kingston

o ha

NANTUCKET, MASSACHUSETTS.

Miss Maria Mitchell

NEW BRUNSWICK, NEW JERSEY.

Prof George H. Cook

NEWBURG, OHIO.

Longview Asylum

NEW HAVEN, CONNECTICUT.

American Journal of Science

American Oriental Society

Yale College
Prof. G. J. Brush
Prof. J. D. Dana
Pr6f Loomis
E. C. Marsh
Prof. B. Silliman

Prof. W. D. Whitney

NEW ORLEANS, LOUISIANA.

New Orleans Academy of Sciences -

.

NEWPORT, RHODE I=LAND.

United States Naval Academy

NEW YORIv, N. Y.

American Agriculturist

American Ethnological Society

American Geographical and Statisti-

cal Society
American Institute

Astor Library
Farmer and Mechanic
Historical Society

Mercantile Library Association

New York City Asylum, (Blackwell's

island )

New York Dental Journal
New York Institution for Blind
New York I^yceum of Natiiral History

New York Prison Association

University of the City of New York:.

R. Van Arsdale

George Bancroft

Dr. J. W. Diaper
Dr. Daniel Eaton
Dr. Geabel •

Henry Grinnell

A. R. Grote
Mr. Harlan
Dr. Jacoby
Dr. Lieber

General T. C. de Mosquera

O bD
. OS

39
13
7
4

29
6
2
13
7

27

1

2

45
3
8
1

1

1

1

2
1

75
I

3

1

2
6
2
1

5
1

1

1

1

3
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D.

—

Addressed packages received by the Smitlisonian Institution, &fc.'
—Continued.

NEW YORK, N. Y.—Continued.

Cliarles B. Norton
Edward Norton
Baron O.sten Sacken, (consul general.

Russia)
Dr. Schwab
Dr. Limrock
Dr. G. Thurber
Dr. John Torrey

NORTHAIMPTON, MASSACHUSETTS.

State Lunatic Asylum
T. Lyman

OLY'MPIA, WASHINGTON TERRITORY

Tenitorial Library

OMAHA, NEBRASKA.

State Library

" OWEGO, NEW YORK.

R. Pumpelly

PEORIA, ILLINOIS.

Dr. F. Brendel

PinLADELPHIA, PENNSYLVANIA.

Academy of Natural Sciences
American Philosophical Society
Central High School
Central High School Observatory
Entomological Society of Philadelphia
Franklin Institute -

Girard College
Historical Society of Pennsylvania.

.

Pennsylvania Horticultural Society.

.

Pennsylvania Institution for the Blind
Pennsylvania Hospital for the Insane.
pharmaceutical Association
Philadelphia Library Company ,

Wagner Free Instituto

H. C. Carey
Pliny Earl Chase
E. D. Cope
Elias Durand ,

Dr. Otio Kohnig
,

IJr. Isaac Lea ,

Dr John L. Lecoute ,

Dr. Joseph Leidy
Dr. J. Aitkcu Meigs
F Packaid

,

W. B Reed
E. Robinson
Dr W. Shai swood

160
98
6
3
3

11

1

4

1

2
1

6
4

1

3

2
1

11

10

PHILADELPHIA, PA.—Continued.

Dr. Slack
Prof. Strier

G. W. Tryon
Prof. Wagner
Samuel S. White

PRINCETON, NEW JERSEY.

College of New Jersey
Prof. A. Guyot

PROVIDENCE, RHODE ISLAND.

Brown University
Butler Hosp'tal for Insane
Rhode Island Historical Society
State Library
Prof. Caswell

QVEBEC, CANADA.

Literary and Historical Society

SACRAMENTO, CALIFORNIA.

State Library

SALEM, MASSACHUSETTS.

Essex Institute

SAN FRANCISCO, CALIFORNIA.

California Academy of Natural Sci-

ences
W. P. Blake
Dr. Hays

ST. LOUIS, MISSOURI.

Deutsche Institut fiir Beforderung der
Wissenschaiten

St. Louis Academy of Sciences
University
Dr. G. Engelmann
Dr. Albert Koch
Dr. B. F. Shumard
G. C. Swallow

ST. PAUL, MINNESOTA.

Historical Society of St. Paul ,

SING SING, NEW YORK,

Dr. George J. Fisher

SPRINGFIELD, ILLINOIS.

State Agricultural Society
State Library
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D.

—

Addressed packages received bytJie Smithsonian Institution, hfc.—Continued.

STOCKTON, CALIFORNIA.

State Insane Asylum

TAUNTON, JIASSACnUSETTS.

State Liinatic Hospital

TOPEKA, KANSAS.

State Library

TORONTO, CANADA.

Canadian Institute

Observatory

TRENTON, NEW JERSEY.

State Lunatic Hospital

State Library

UTICA^ NEW YORK.

State Lunatic Asylum

WASHINGTON, D. C.

Bureau of Ordnance and Hytlrography.
Department of Agriculture
Engineer Bureau
Ordnance Bmeau
Library of Congress
Secretary of War
Surgeon General, United States army.
United States Coast Sm-vey
United States Naval Observatory
United States Patent Office^

1

4

n
6

30
92
149

WASHINGTON, D. C.—Continued.

"War Department
Prof. A. D. Bache
Prof. S F. Baird
Miss Dorothea Dix
Colonel W. H. Emory
J. Ferguson
Theo. Gill

Captain J. M. Gilllss, United States

navy
Dr. F. V. Hayden
J. Hitz, (consul general, Switzerland).
Prof. Hubbard
General Humjihreys
Prof. W. E. Jillson

J. C. G. Kennedy
Admiral S. P. Lee
F. B. Meek
H. R. Schoolcraft

Dr. W. Stimpson
John Willing
Prof. Winlock
John Xantus

WILLIAMSBURG, VIRGINIA.

Eastern Lunatic Asylum

WORCESTER, MASSACHUSETTS.

American Antiquarian Society

Catholic College

State Lunatic Hospital

Total of addresses .

.

Total of parcels

3
43
7
1

2
2
4

28
1

2
1

299
2, 482

MUSEUM AND COLLECTIONS.

Although the additions to the collections have not been ns numerous as in

some preceding years, their value has been considerable, as consisting princi-

pally of new material from comparatively little known portions of America.

A detailed list of donations and additions to the museum will be found at the

end of the present report. The following are the principal regions and sources

from Avhich collections have been received.

Arctic America.—Very large collections of mammals, birds, eggs, &c., made
in the northern parts of British America during 1863 and 1864, and filling

:29 cases, reached Fort Garry iu September last, and were forwarded to St. Paul,

but arrived there after navigation had closed. They arc now on their Avay to

Washington by wagon and railroad, and are expected to arrive in a few weeks.

They embrace many species not previously received from the north, and were

collected principally by Messi'S. MacFarlaue, Lockhart, Jones, Sibbiston, Gau-
det, Flett, Reid, Mactavish, Guun, &c., already well known from repeated men-
tion in previous reports. A full account of the collection will, it is hoped, be

presented in the report for 1865.

6 s
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From Labrador small but iuterestingaud instructive collections of birds, with

some eggs, -were received from Mr. Henry Connolly and Mr. B. Smitli ; and
from Moose Factory, from Mr. John MacKenzie, all of the Hudson's Bay service.

Pacific coast of the United Stales.—Mr. J. G. Swan, of Pugct sound, has

continued his important transmissions illustrating the zoology and ethnology of

that region. Professor Whitney, of tbc geological • survey of California, Las

also sent to- the Institution many specimens collected by Dr. J. G. Cooper,

zoologist of the survey, to be identilied by comparison Avith the Smithsonian

types.

Interior region of the Lhiited States.—Assistant Surgeou Elliot Cones and
Acting Assistant Surgeon J. A. Beers, having been ordered to report to the

military commander of New Mexico for duty, left early in the spring for Santa

Fe. During their journey they made valuable collections of birds, which were
received in good condition. On reaching Santa Fc, Dr. Coues was ordered to

Fort Whipple, near Frescott, the newly established capital of Arizona, which
he re^ichcd in August, and where he has been diligently engaged, in the inter-

vals of his official duties, in exploring the natural history of that interesting

and little-known region. The results of his labors up to the beginning of No-
vember, filling three boxes, have reached San Francisco, and have been ship-

ped to the Institution, where they may be expected shortly to arrive. Dr. Beers

has been stationed at Fort Goodwin, on the Gila, and is also making collections

there, none of which, however, have yet been received.

In April last. Acting Assistant Surgeon li. Ilitz left Washington for Fort

Laramie, to serve as surgeon to a projected western expedition from that post,

imder Colonel Collins. During his term of service. Dr. Hitz made large col-

lections of specimens, principally on Laramie Penk, which have not yet arrived,

owing to the freezing up, in the IMissouri river, cf the steamboat upon which
they had been shipped.

In May last, Captain John Feilner, 1st United States cavalry, was detailed

to accompany the expedition of General Sully, fitted out to control the Sioux
Indians of the Upper Missoiu'i, and during his stay at Sioux City, in the month
of May, collected and forv/arded a valuable collection of birds. He then pro-

ceeded to Fort Rice, a new post at the mouth of Cannon-ball river, and after-

wards started with the command on the westward expedition. On the 30th of

June, when about 100 miles from Fort Rice, Captain Feilner was ambushed
by hostile Indians and mortally wounded, surviving only a few hours. In this

untimely death of Captain Feilner the Institution loses one of its most valued

correspondents. Many previous Reports bear testimony to the services he has

rendered to science by his numerous collections of specimens in natural history,

prepared with unusual skill, and made in the—till then—unknown regions

about Fort Crook, California.

Eastern United States.—Extensive collections of eggs have been received

from Dr. William Wood, of Connecticut, Mr. J. W. Tolman, of Illinois, and
Dr. Hoy, of Wisconsin. Dr. F. V. llayden and Dr. Craven have furnished

series illustrating the invertebrate fauna of the coast of South Carolina. Cap-
tain AVilliam Ilolden, of the quartermaster's department, supplied a large num-
ber of serpents and other reptiles from the vicinity of Newbern, North Carolina.

Mexico.—The most important collections received from Mexico, during the

year, have been those of Mr. Xantus. Mention was made in a previous report

of his operations about Colima and Manzanillb and vicinity, and of specimens

received from him. The remainder of the collections of 1863 were received in

18C4, and filled 28 boxes, (two others still deficient,) consisting of a general

assorimcnt of the land and aquatic animals, numerous minerals, and a few
plants of the region investigated, and embracing much that is new to science.

These collections were due early in the year, but were detained several

months in Manzanillo by the blockade of the port by the French ; and Avere
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finally brouglit to Panama on llic United States steamer Xarragansefl, and de-

livered to tlie Panama rtuilroad Company, by tlie kindness of Commander S. E,

Woodwortli, United States navy.

Several collections of birds and tlieir eggs from the vicinity of Mazatlaii

liave been presented by Colonel A. J. Grayson, au old correspondent of the

Institution. These have proved of much interest, as showing an extension north-

Avard, along the coast, of the Central American fauna, of much grea,ter extent

than formerly supposed. Colonel Grayson is at present engaged in exploring

the ornithology of the large islands. Three Marias, &c., off the coast of Mexico,

and Avill doubtless make some interesting discoveries.

Additional collections of birds and other animals, as Avell as of plants, have

been received from Dr. Charles Sartorius, of Mirador, a gentleman to whom the

Institution already owes so much material relative to the natural history of

Mexico. Collections of birds, mammals and reptiles, in continuation of pre-

vious ones, have also been presented by Dr. Sumichrast, of Orizaba.

Dr. H. Berendt, long resident in Tabasco, visited the United States early iu

the year, bringing Avith him valuable collections of natural history for the lu-

stitution. Tliese consisted principally of reptiles, among them a complete

f'cries of the Chelonia, found near Tabasco.

At the present time, an extensive exploration of the physical and natural

history of Yucatan is in progress, of -Avhich the Institution expects some of the

results. It is under the direction of Senor Salazar y Llarregui, well known as

former Mexican commissioner of the United States and Mexican boundary

survey. Dr. Arthur Schott, of whom frequent mention has been made in pre-

vious reports, as naturalist of the United States and Mexican boundary survey,

Lieutenant Michler's survey of the Atrato river, &c., has been attached, in a

similar capacity, to the Yucatan survey.

Central America.—An extensive and most important series of birds of Gua-

temala has been received from Mr. Osbert Salvin, of London, types of the

report made on the Guatemalan collections by himself and Mr. F. Godman.

A valuable collection of Costa Rican birds has been received from Dr. A. von

Frantzius, already referred to in previous reports ; and many specimens, also,

from Mr. J. Carmiol ; the two series embracing an unusual proportion of new
and rare species.

From Captain J. M. Dow additional collections of birds of the coast region

of Central America have been received ; and seA'eral collections made by Mr-

Frederick Hicks haA'c been submitted to ray examination.

South Aynerica.—Specimens of birds from. Bogota have been presented by
Mr. J. Kridcr, Mr. J. Akhurst, and Mr. J. H. Roome. Additional collection?.

of birds of Ecuador, of much value, have been received from Hon. J. E.

BuckalcAv and Prof. W. Jameson ; and, also, quit;) a number from Mr. Akhurst.

A collection of birds from the vicinity"'of La Paz, Bolivia, made and presented

by Hon. D. K. Cartter, has proved of the greatest interest, embracing, among
other novelties, two new humming birds. A collection of AA'oods from Surinam

has been received from Mr. Henry Sawyer.
West Indies.—Additional collections from jMr. Yf . T. March, of Jamaica, and

from Mr. Charles Wright, Mr. N. H. Bishop, and Dr. F. Gundlach, of Cuba,

have tended to make the Smithsonian series of birds from these islands still

more complete than heretofore. A valuable collection of shells of Jamaica has

also been received from Mr. March, and of Cuba from Mr. Wright.

A series of birds of Nassau, Nbav Providence, presented by Lieutenant Fitz-

gerald, of the British army, included scA'cral species ncAV to the collection.

In addition to the collections of birds referred to above, as received from

particular regions, Mr. Ed. Verreaux, of Paris, has presented, through tlie

instrumentality of Mr. Jules P. Ven-eaux, the eminent ornithologist, a large

number of species from Mexico, Central and South America, embracing many



8^ REPORT OF THE ASSISTANT SECRETARY.

Valuable types, and of inestimable service in prosecuting the study of Middle

and South American birds, only equalled in this respect by the donations of

Mr. Salvin.

As might be expected from the plan of operations of the Institution, the

collections received from Europe and the rest of the Old World, during the year,

are much inferior in ninnber and extent to those from America. Among these,

however, should be especially mentioned a series of Scandinavian Ptarmigans

and of rare northern birds, from Prof. C. Sundevall, of Stockholm; and of rare

European eggs, from the Royal Artillery Institution, of Woolwich; Prof. Ilai-

dingcr and Prof. Homes, on the part of the K. K. Geologische Reichsanstalt, in

eonjunction with the Imperial Mineralogical Museum of Vienna, have presented

an extensive series of fossils of the tertiary basin of Vienna. The K. Ober-

Bergamt, of Breslau, has contributed a very useful series of minerals and mining

]>i-oducts, illustrating the metallurgy of the royal mining establishment of Silesia.

INVESTIGATION, IDENTIFICATION, AND ENTERING OF COLLECTIONS.

Steady progress has been made, during the year, in the determination and

labelling of the collections of the Institution, and the setting aside of the

duplicates, by the different gentlemen to whom specimens have been intrusted

for the purpose, I have, myself, been engaged, at moments not otherwise

occupied, in reviewing the entire collection of birds of America, both north

and south, in charge of the Institution, and in preparing a descriptive catalogue

for publication in the Smithsonian Miscellaneous Collections. Of this review

about one hundred and fifty pages have been printed, and an additional por-

tion is in press. I am indebted to several gentlemen for important aid in car-

rying out this undertaking, by the loan of specimens necessary for comparison

;

especially to Mr. George N. Lavrrence, of New York; Mr. John Cassin, of

Phikidclphia ; Dr. Samuel Cabot, jr., of Boston; and Messrs. Edward and

Alfred Newton and Mr. O. Salvin, of England.

Mr.. W. S. Morgan, of Washington, has been systematically engaged in

making- a series of drawings *of all the varieties of authenticated species of

North. American eggs in the collection, to be used in preparing the illustrations

to Dr. Brewer's work on North American Oology.

The following table shows the amount of work done, during the year, in the

"way of registering the collections.

Table showing the total number of entries on the record-hooks of the Smithso-

nian Collections at the end of the years 1863 and 1864.

18g;j. 1864.

Skeletons and s;kulls.

Mammals
Birds
Reptiles

Fishes
Eggs of birds

Crustaceaus
Mollusks
Radiates
Fossils

Minerals
Ethnological specimens
Annelids

Total

5,614
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If to the above we add the mollusca catalog-ucd, by Mr. Carpenter, the record

of which, filling an entire volume, is still in his hands, it Avill bring the total

number of entries fully up to 100,000. As in all departments, excepting those

of mammals, birds, and osteology, each entry may include a large number of

specimens, it is a fair allowance to' estimate an average thi-oughout of five to

each number, making half a million of objects catalogued (probably many
more) and marked by permanent labels or figures. The average number of

entries for the twelve years during which the system has been continued will

thus exceed 8,000.

DISTRIBUTION' OF DUPLICATES.

A very large number of specimens have been issued from the duplicate stores

of the Institution, in 1864, both to public museums at home and abroad, and
to gentlemen requiring them for special investigations. The followang table

exhibits the statistics of distribution as far as they could be reduced to

figures :

Mammals
Birds

^SSS
Reptiles

SheJs
Crustaceans
Ma.'ine iuvertebrates generally

Casts of autiquiiies

Rocks
Building stoucs

Total

Specimeus.

665
2,708
1,641

69
*2,100

3,798
58

M,000
3, 600

IG, 461

The estimate, although somewhat approximate, is under the true amount
of matei'ial distributed, rather than in excess. Every specimen included in it

was carefully and authentically labelled before being issued. Of the birds-

referred to, 360 were mounted duplicates of the United States Exploring Ex-
pedition, supplied to the Boston Society of Natural History and the Philadelphia

Academy of Natural Sciences.

PRESENT COXDITION OF THE MUSEUM.

The specimens exhibited in the museum arc all, apparently, in good condi-

tion, free from insects, and nearly all properly identified and labelled. The
series of fishes has been removed from the rooms under the art-gallery and

placed in the northwest gallery of the museum hall, arranged for their recep-

tion. A series of casts of interesting Mexican masks and other antiquities, from

originals in the museum of the American Philosophical Society, has beca

placed in the eastern end of the northeast gallery.

A large portion of the collections of the exploring expediwion and Western
American shells, intrusted to Mr. Carpenter for determination, has been re-

turned by him, but they remain in the cases in which they arrived until the

rest shall have been received, by request of Mr. Carpenter.

' Approximate number.
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LIST OV DOXATU)\S 'JO THE ML'.SEU.M DURING 1864.

-.—Box of foi>sil.s, Mount Pleasant, Iowa.

Abcrf, Thxnjcr.—Four cases of minerals, (deposited.)

Adams, W. H.—Indian arrow-head from Illinois.

Akkurst. J.—Collection of birds of New Granada and Cuba. Skins of birds

of Ecuador.

AldricJi, T.—Shells and insects from New York.

Andrews, Prof. E. B.—Meteorite from Ohio ; alcoholic specimens, &c.

Austin, E. P.—Insects from Michigan.

Bahcocic, A. L—Skins of birds from Massachusetts.

Becbc, E. H.—Minerals from Galena, Illinois.

Beers, Dr. II. A.—Collection of birds from Kansas and New Mexico.

Berendt, Dr. 11.—Specimens of PhyscUa Berciultii. from Mexico. Reptiles,

insects, medicinal plants, &:c., from Tabasco, ^lexico.

Berthond, Lieutenant E. T.^rooth of mastodon from Kansas.

Bertineau, Charles.—Ammonites and teeth of sharks and saurians from

Pembina river.

Bis7/oj), X. II.—Box of birds from Piemedios.

Blake, J. S.—Four boxes of gold and silver ores from Agua Blanca, Mexico.

Bland, Thomas.—Box of West Indian shells.

Boardman, G. A—Skins of birds ; nest of raven from New Brunswick.

Brawner, I. G.—Specimen of monstrosity.

Bresla?/, K. Oher Berg-Amt.—Five boxes of minerals and metallurgical

specimens from the royal mining establishment in Silesia.

Buchner, Dr. O.—Six boxes of models of German fungi.

B/fckaleiv, Hon. C R.—Skins of birds from Ecuador.

Camjrfield, II.—Surgical knife used in the revolutionary war.

Carmiol, Jidian.—Two boxes of birds and mammals from Central Costa

Eica.

Carpenter, IF. T.—Collection of Australian polyzoa.

Cartter, Hon. D. K.—Series of birds from La Paz, Bolivia.

Christian/a, Ethnological M/isc//m of.—Illustrations of Lapland ethnology.

Collins, Colonel IF. O.—Skins of Lcucostidc tephrocotis and Lcpus Toicn-

scndii, Fort Laramie.

Connolli/, Henri/.—Box of birds from Labrador.

Cooper, Dr. J. G.—Skull of Vulpes littoralis, San Nicolsar island, California.

Cope, Prof. E. D.—Box of fossil ganoid fishes from England.

Cosgrore, Lmurence.—Iron pyrites from Fort Scott, District of Columbia.

Cones, Dr. Elliot.—Two boxes of birds from Kansas and New Mexico.

Craren, Dr.—Box of mollusca from Hilton Head.
Dall, tF.—Insects and shells of Massachusetts.

Davis, H.—Box of fresh-water shells of Iowa.

Dai/, H. II—Silver ores from th(! Savage mine, Virginia city.

Dobson, W.—Arrow-heads, Crown Point, New York.

Dold, Andres.—Tooth of elephant. Las Vegas, New Mexico. .

Don-, Captain J. M.—Box of birds from Central America. Skin of Jaguar,

Central America.

Fitzgerald, Licr.tenant C. L.—Birds and shells of the Bahama islands.

Flint, Dr. Earl.—Orthopterous insect from Nicaragua.

Foot, Hon. S.—Octopi/s from Fort Pickens ; collected by Captain H. A.

Smalley. Ores of iron from Vermont.
Foster, Colonel J. IF.—Cloth from an ancient mound in Ohio.

Frantzius, Dr. A. von.—Series of birds of Central Costa Ilica.

Galodi/, Hon. JM.—Insects! and crabs from Dominica.
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Getter, O. H.—Specimeu of Rcduvius.

Gill, Theodore.—Skins of humming birds, reptiles, shells, &;c., West Indies.

Gilpin, Dr. J. B.—Shrews and mice of Nova Scotia, in alcohol.

Grayson, Colonel A. J.—Collection of birds and eggs from vicinity of Ma-
^atlan.

Gundlach, Dr. J.—Mounted birds from Cuba.

Haidinger, Prof. W.—See Vienna.

Hall, John II.—Specimens of Brucitc from Lancaster county, Pennsylvania.
Haijdcn, Dr. F. V.—Three boxes of alcoholic collections from Beaufort,

South Carolina.

Hcphurn, James.—Box of birds from British America.
Heramb, Carl.—Shot pouch of eel skin from Norway.
Holden, Captain W.—Three kegs of serpents from Newbern, North Caro-

lina.

IIdr?ie.i, Dr.—See Vienna.

Hot/, Dr. P. II—Box, nest and eggs, Wisconsin.

Jameson, Prof. W.—Skins of Tctragonops rlLaniphastinus and Merulaxis
orthonyx and other birds from Ecuador.

Jouett, U. S. N., Captain J. E.—Skin of alligator gar.

Krcfft, Dr. G.—Scale of Osteoglossoid fish, collected in Australia by Dr. Leicli-

hardt.

Kridcr, John.—Skins of South American birds. Six skins of birds from
Bogota.

Lincoln, C. D.—Birds' (-ggA from Taunton.
Lippincott, B.—Mosses and bcavcr-tail from Oregon.

MacJce?izic, JoJm.—Box of birds from Moose Factory.

March, W. T.—Shells, with skins and eggs of birds from Jamaica.
Maximilian, Prince of Wied.—Box of European birds.

Meigs, Major General 31. C.—Timber bored by Teredo.

Merrit, B. A.—Shells, lichens, and skin of Arricola pinetonon from New
York.

Odell, Franklin.—Indian relics and quills of porcupines from New Hamp-
shire.

Paine, C. S.—Skin of albino mouse and of Arvicola alho-ri(fescens (l) from
Vermont. Skins of Bonaparte's gull, and nest of Tardus p)Cillasii.

Palmer, Dr. E.—Box of plants, alcoholic specimens, &c., from Kansas.
Three boxes of minerals, plants, zoological specimens, Colorado Territory.

Parkimon, D. F.—Six Indian skulls from California.

Pease, W. H.—Two boxes of Sandwich island shells.

Philadelphia Academy of Natural Sciences.—Duplicates of South American
birds.

Poole, Henry.—Shells and birds' eggs, Cape Breton.

Prentiss, Dr. D. W.—Birds of Hilton Head, South Carolina. Nest of
marsh wren.

Roome, J. II.—Collection of Bogotau birds.

Rowell, Rev. J.—Box of California shells.

Saemann, L.—Series of specimens of rocks.

Samuels, E. A.—Eggs of summer duck and of hooded merganser. Nests of
birds from Maine.

Sartorius, Dr.—Birds, plants, and shells from Mirador, Mexico.
Sawyer, Henry.—One hundred species of v/ood from Dutch Guiana.
Shimer, Henry.—Birds from Illinois.

Shute, James G.—Nest and eggs of Dendroica jnnus.

Siler, Andrew Z/.—Fossil wood, shells, and Indian curiosities, Utah.
Simpson, George B.—Copper spear-head and other relics.

Smalley, Captain H. A.— Octopus from Fort Pickens, Florida.
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Smith, B.—Box of birds from Labrador.

Sprague, E. T.—Minerals from Essex county, New York.

Stimpson, Dr. W.—Zoological collections from Beesley's Point.

Strong, C.—Silver ores from the Gould & Curry mine, Virginia city.

Sumichrast, Prof. F.—Collection of vertebrata from Mexico.

Sundcvall, Prof.—Skins of birds of Sweden.
Scott, Ansel.—Indian relics.

Swan, Jas. G.—Three boxes zoological collections and Indian curiosities

from Pugct Sound.
To //lor, A. iS.— Grasshoppers from California.

Thomson, J. H.—Motclla candacuta from New Bedford. Mollusca from the

coast of Massachusetts.

Tolman, J. W.—Collection of eggs from Illinois.

Vclle, Dr. J. IV.—Egg of Mergus CMCuUatus and Ectopistcs viigratoria.

Verreau.r, Edward.—Three hundred specimens of birds and ten skins of

mammals from Central and South America.

Vienna Gcologisches Reichsanstalt, and the Imperial Mineralogical Mu-
seum.—Six hundred species of tertiary fossils of the Vienna basin, furnished by
Prof. Ilaidingcr and Prof. Homes.

Vienna Kais. Mineralogisches Museum.—See Gcologisches Reichsanstalt.

Walker, R. L.—Mijriapoda from Alleghany County, Pennsylvania.

Warren, Major General G. K.—Skin of Actodroinas macuiata, Petersburg.

Winslow, Dr. C. F.—Skin of Dapfio7i capensis, Peru.

Wharton, Thomas.—Ores of Nickel, nickel and copper coins, &c.

Whitneij, Prof. J. D.—Zoological collections of Geological Survey of Cali-

fornia. (Deposited.)

Wood, Dr. W.—Box of eggs from Connecticut. .

Woolwich, Royal Artillcru Institution.—Eggs of European birds.

Wright, Charles.—Birds and shells of Cuba. Box of Cuban land shells.

Xantus, J.—Numeroxis boxes zoological collections, Manzanillo, Oolima,

Mexico.
Young, Prof. C. A.—Specimen of Parmellee Meteorite of February 28, 1858,

and of the Meteorite of New Concord, Guernsey county, Ohio, May 1, 1860.



LIST OF FOREIGN INSTITUTIONS
FROM v.'mcii

DONATIONS TO THE LIBRARY HAVE BEEN RECEIVED IN EXCHANGE
DURING THE YEARS ]860-'64.

SWEDEN.

GMiehorg.—Kongliga Vetenskaps-och Vitterhets-Samluille 5
Lund.—Kong-lig-a Universitetet 200-
Stockholm.—liureau Central do Statistique de Suede 55

Kougliga Vetenskaps-Akademicu 46
Kongliga Vitteibets-Histoiie-och Antiquitets-Akademieu 16.

Riksbiblioteket 55.

Upsala.—Kougliga Veteuskaps-Societetcn 34
Univcrsitets Observatoiiet 4

XORWAY.

Bergen.—Bergensk Museum 8
Christiania.—Foiening til Norske Fortidsmindesmerkers Bevariug 8

Kongelige Norske Uuiversitet 196
Norwegian Government 10
Observatorium 4
Physiograpbiskc Forening 8
Videuskabs Selskab i Christiania 4

ICELAND.

Reykjavik.—Islands Stiftisb6kasafn 3.

DENMARK.

KjGhenliavn, {Copenhagen.)—Kongelige Danske Videnskabemes-Selskab 27
Kongelige Landbuusboldnings-Selskab 14
Kongelige Nordiske Oldskrift-Seiskab 29
N'aturhistoriske Forening 4
Tidskrift for Veterinser 24

RUSSIA.

Dorpat.—Dorpater Naturforscher Gesellschaft 14
Gelebrte Estlmiscbe Gesellschaft 13

Hclsingfors.—Finske Liikaro Siillskapet 9
Societas Scientiaruni Fennica 20

Kasan.—Imper. Kazanskii Uuiversitet 14
Moskica, {Moscow.)—Imperat. Obsbtshestvo Istorii i Drevnostei Rossiskih pri Mos-

kovskom Universitete 5
Societe Imperiale des Naturalistes de Moscou 21

Pulkoica.—Observatoiro Imperial 24
Revul.—Esthliindiscbe littcrarische Gesellschaft 8
Riga.—Gesellschaft fiir Geschichte und Aiterthumskuude dw" Russisclieu Ostsee

Provinzen 26
Naturforscbender Verein 24

St, Petersburg.—Bibliothek der Evangelischen Gemeinden 1

Gidrographitsheskii Departament Morskago Ministers tva 33
Commission Imperiale Archcologiquo 7
Imperat. Akademija Nauk 11

1

Imper. Arkheologitcherskoje Obsbtshestvo 2
Imper. Pubbtchnaja Biblioteka 2
Imperat. Russkoe Geographitsheskoe Obsbtshestvo 37
Imperat. Volnoe Ekouomitsheskoo Obsbtshestvo 29
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Kais. PharuuiceutiscLe Gesellscliaft ]

Kais. Russ. MiiiLnalogische Gesellschaft 5
Morskoi-Outcbenoi C'oinitet 91
Morskojc Ministerstvo 25
Nikolai Haui)t-Sternwarto 1

Shtab Korpussa gornykli Ing-eneroff 17
JVarschau, (irursaic.)—Diblioieka Towarzystiva RolDievego Krolcstiva Polskicgo... 32

DE NEDERLANDEN, (HOLLAND.)

Amsterdam, (Noord-IIoIland.)—Koninklijke Akadcmie van Wetenschappcn 50
Geuootschap ter Bevordering der Geiiees-en Heelkunde 1

Koninklijk Zoologisch Geuootschap " Natura Avtis Magistra" 9
Stadsbibliotheek 1

Maatschappy : Tot Bevordering der Bouwkuust S
Vercenigiug voor Volksvlijt 25
Wiskuudig Gcnootschap : " Een onvermoeide Arbeid komt alles toboven"... 47

Arnhem, ( Gcldcrland.

)

—Genootscbap "Tot Nut en Vergenoegen" 14
Delft, {Zuid- Holland.)—Koninklijk Institimt van Taal-, Laud-en Volkenkunde van

Noderl. Indie ]

Deventcr, {Orcnjsgd.)—Opeubare Bibliotheek 2
s' Gravenha^c, ( The Hague,

) ( Zuid-Holland. )—Government of the Netherlands 11
Koninklijlc Instituut van Ingenieurs 120
Nedcrlandsche Entomologische Vereeniging 25

Groningen ( Groningen.)—Academia Groningana 5
Geuootschap te Groningen pro cxcoieudo .Jure Patrio 1

Genootscbap ter Bevordering der Natuurkundig Wetenschappcn 3
Haarlem,

( Noord- Holland.

)

—HoUandsclie Maatschappij der Wetenschappcn 9
Nedcrlandsche Maatschappij ter Bevordering van Nijverheid 150
Musec Teyler 1

Hertogenhosch, {Noord-Brabant.)—Provinciaal Genootscbap van Kunsten en Weten-
schappcn in Noord-Brabant 3

Lecuicarden, {Fricdund.)—Friesch Genootscbap van Gescbied-oudheid-en taalkunde. 9
Leiden, {Zuid-Holland.

)

—Academia Lugduno-Batava 6
Maatschappij dor Nederlaudsche Letterkunde 7
Rijk's Museum van Natiuulijke Geschiedeuis -1

Stolpir.anscb Legaat 1

Middclburg, ( Zecland.

)

—Zeeuwsch Geuootschap der Wetenschappen 14
Rotterdam, {Zuid-Holland.)— IjiiUiat'sch Geuootschap der Proet'ondervindelijke Wijs-

bogeerte o
Utrecht, { Utrecht.)—Academia Rii('iio-Trajectina 65

Historisch Geuootschap 20
Koninklijlc Nederlandscb Meteorologisch Instituut 30
Observatorium 1

Proviuciaal Utrcchtscb Genootscbap van Kunsteu en Wetenschappen 24
Ztcolle, {Occrysscl.)—Overysselsche Vereeniging tot Outvvikkeling van Provincialo

Welvaart 19
Vereeuigiug tot beoefeniug van Overysselsch Regt en Gescbiedenis 14

GERMANY, INCLUDING AUSTRIA AND PRUS.SIA.

Deutsche Ornithologen-Gesellschaft 1

Versammluug Deutschcr Naturforscher und Aerzte ' 10
Agram, {Austria.)—Redaction der Gospodarsko List 204
Altcnburg, {Saxe-Altenhnrg.)—Gcschicbts- und Altcrthumsforschende Gesellschaft. .. 4

Naturforschende Gesellschaft des Osterlandes 14
Ansbach, {Bavaria.)—Historischer Verein in Mittelfranken 5
Augsburg, {Bavaria.)—Historischer Verein fiir Schwabeu und Neuburg 22

Landwirlhsch. Verein von Schwabeu und Neuburg 19
Naturhistorischer Verein 5
Redacliou der Wochenschrift fiir Thierheilkuude und Viehzucht 8

Bamberg, {Bavaria.)—Naturforschende Gesellschaft 4
Bendurf, {Prussia.)—Deutsche Gesellschaft fiir Psychiatrie imd gericbtliche Psycho-

logic 12
Berlin, { Prussia.)—Seine Majestnit der Konig von Preusseu 17

Konigeu Elizabeth 3
Acclimatisatious-Verein fiir die Preuss. Staateu 38
Central Verein fiir das Wohl der arbeiteuden Klassen 26
Deutsche Geologische Gesellschaft 31

Entomologiscbcr Verein 22
Gesellschaft fiir Erdkuude 15
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Konigllches Landes-Oeconomic-ColIea^iuLn 197
Kouiglich Preussischo Akadcmie der Wissenschafteu 16
Koniglich Preussischer Geueralstab der Armcc 18
Koniglich Preussische Tecbnischo Pau-Depntalion 17
Physikalische Gesellschaft 15
Polytechnische Gesellschaft 13
Redaction des Laudwirthscluiftlicheu Centralblatt fur Deutschland 35
Redaction des Landwirthscbaftl. Zeitung^ lar Nord- und Mittcl-Deutsclihind. .. 19
Redaction des Statistischen Centml-Arcliivs, (Dr. O. Hubner) 1

Statistiscbos Bureau 6
Steuographiscber Verein 1]
Universitats-Sternwarte 7
Verein Deut.scber Ingenieure 4(»

Verein fur Eisenbalmkunde 15
Verein zur Befordcrung des Gartenbaues 349
Verein zur Beforderung des Gewerbefleisses in Preussen 1

Bernhurg, (Anhalt.)—Norddeutscber Apotheker-Verein 16
Blankenhurtr,

(
Brunsicick.

)

—Naturwissenscbaftlicber Verpiu des Ilarzes 3
Bonn, (Prussia. )—K. Sternwarte 6

Naturbistoriscber Verein der preussiscbeu Rheinlande nnd Westpbalens 5
Redaction dos Wiegmann'schen Arcbivs fiir Naturgescbichte, (Prof. Troscbcl) 84
Universitats-Bibliothek 182
Universit?its-Sternwarte 6
Verein von Alter! bumsfreunden im Rheinlande 11

Braunschweig, (Brunswick. )—F. Vieweg und Sobn 10
Bremen, ( Hanse- Town.

)

—Stadt-Bibliothek 24
Breslau, ( Prussia. )—Gewerbo-Verein 79

Konigl. Preuss. Ober-Berg-Amt 19
Schlesische Biinden-Untemchts-Anstalt 7
Schlesische Gesellschaft fiir vaterlandiscbe Cultnr 18
Schlesischer Verein fiir Berg- und Hiittenkunde 2

Brilnn, (Austria.)—K. K. Mahriscb-scblesiscbe Gesellschaft fur Ackerbau Natur- und
Landeskunde 7

Naturforscbender Verein 1

Werner-Verein zur geologiscben Durchforscbung von Mahi'en und Scblcsien.. 8
Buda, ( A ustria. )—A Magyar Tudomanyos Akademia 108
Ceile, (Hannover.

)

—Landwirthschaftliche Gesellschaft 36
Chemnitz.—K. Gewerbschule 4
Chemnitz.—Redaction des Deutselien Industrie Zeitung 144

Offentlicbo Handels-Lehraustalt 2
Danzig, ( Prussia.

)

—Naturforscbende Gesellschaft 10
Darmstadt, (Hessia.)—Grossherzoglicb HessiscbcCentral-Stelle fiir die Landes Statistik 4

Grossberz. Hessiscber Gewerbo-Verein 16
Mittelrbeiniscb-geologiscbcr Verein 7
Verein fur Erdkunde n. verwandte Wissenscbafteii 30

Deidesheim, (Bavaria.)—Pollichia: Naturwiysenscbaftlicber Verein der baycriscbeu
Pfalz : 22

Dessau, (Anhalt.)—Naturbistoriscber Verein 23
Dresden, (Saxony. )—Seine Majestat der Konig von Sacbsen 26

Gesellschaft '
' Isis. " 5

Handels Lebr-Anstalt 8
Kaiserlicbe Leopoldino-Caroliniscbe Deutsche Akademie 3
Konigliche Biinden-Austalt 6
K. Polytechnische Scbulo 4
Sachsiscbe Ingeuieur-Verein 4
Statistisches Bureau 13

Eisenach.—Grossberz. Carl Friedrich Gymnasium 2
Grossberz. Real-Gyniua«;ium 2

Elbcrfcld, ( Prussia. )—Naturwissenschaftl. Verein v. Elberfeld u. Barmen 4
Wupperthaler Thierschutz-Verein '.

1

Eldcna, ( Prussia.

)

—Baltiscber Central Verein 55
K. P. Staats- und landwirthscbaftl. Akademie Eldena 15

Emdeii, (Hannover.)—Naturforscbende Gesellschaft 20
Ems, ( Nassau.

)

—Redaction der Balneologischen Zeitung 4
Erfurt, ( Prussia. )—Akademii; Gemeinniitziger Wissenscbai'ten 4
Frankfurt-am-Main, (Hansc-Town.)—Gartenbaugesellschaft "Flora" 4

Physikalischer Verein 6
Senckenbergiscbe naturforscbende Gesellschaft 9
Verein fiir Geographie und Statistik 8
Zoologische Gesellschaft 6G
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Freiberg, (Saxony. )--Konif^Iicli Saclisiscbe Bcrgakademie 5
Freiburg, ( Baden.

)

—Gesellschaft fiir Beforderung der Naturwissenschaften 6
Uuiversitiits-Blbliothek 10

Friedberg, (
Hessia.)—Bliuden-Anstalt 4

Taubsturami'U-Anstalt 16
Giessen, ( Hessia. )— Obeiliessische Gesellschaft far Natur- und Heilkunde 34

Universitats-Bibliothek 91
Gorlitz. ( Prussia. )—Naturforschende Gesellschaft 3

Obei-lausitztn- Gesellschaft der Wissenschaften 24
Vf-n-iu fur Hiihuerzucht 39

GiJttingeti, i Hannover. )—Konijjlichc Gesellschaft der Wissenschaften 18
Gotha, {Suzc-Koburg-Gctha.)—Geographische Anstalt 80

Ilerz. Blbliothck der Friedenstein'schen Samnilungen 12
Thuringcr Gar(enbau-Vereiii 5

Gratz, (.iustria.)—Geognostisch-Montanistischer Vercin fiir Steiermark 20
Historischcr Yereiu fLir Steieimark 5
K. K. Steiermarkische Landwirthschafts-Geseilschaft 4
Steiermarkischer Industrie- und Gewerbe-Verein 213

Greifswald, {Prussia.)—Universitats-Bibliothek 190
Gumbinnen, (Prussia.)—Laudwirthschaftlicher Central Vcrein fur Littauen und Ma-

suren 19
Halle, ( Prussia. )—Naturforschendo Gesellschaft 15

Naturwissenschaftlicher Vercin fiir Sachsen und Thiiringen 10
Thuriugisch-Sachsischer Vcrein fiir vaterliindische Altertliumskunde 2
Universitats-Bibliothek 228

Hamburg, (Hanse- Town.

)

—Allgcmeine Armeu-Anstalt 1

Commerz-BIbliothek 1

Naturwishenschaftlicher Vcrein 3
Stadt-Bibliothek 49
Verein fijr Haraburgische Geschichte 5

Hanau, (Hessia.)—Wetterauer Gesellschaft fiir die gesammte Naturkuude 7
Hannorer.—Apotbeker Verein in Nord-Deutschland 24

Architecten- und Ingenieur-Verein 15
Hannorer, (Hannonr.)—Gewerbe-Vereiu fiir das das K. Hannover. 10

Historischcr Vercin fiir Nicdersachsen 26
Kouigliche Bibliothek 18
Naturhistorische Gesellschaft 5
Polytechnische Schule 16

Heidelberg, (Baden. )—Xaturhistorisch-medicinischer Verein 37
Universitats-Bibliothek 82

Hermannstadt, (Austria.)—Siebenburgischcr Verein fiir Naturwissenschaften 43
Verein fiir Siebenbiirgische Landeskunde 16

Innsbruch, (A ustria.)—Ferdinandeum 5
Jena,

( Saxe- IVeimar.

)

—Landwirtbschaftsliche Institut 30
Medicinisch-Natnrwisscnfichaftliche Gese.'.Ischaft 2
Universitats-Bibliothek 265

Karlsruhe, (Baden.)—Centialstellc fiir die Landwirihschaft 1

Grossherzogliche Hofbibliothek 22
Kassel, (Hessia.)—K. Commission far Landwirthsehaftliche Angelegenheiten in Kur-

hessen 126
Kiel, (Hclatein.)—Landwirthschaftlicher Generalverein des Herzogthums Holstein. .

.

4
Redaction der Schul-Zeituug 2
S. H. L. Gesellschaft fur die Sammlung und Eihaitung vaterl. Alterthtlmer- .. 4
Schleswig-Holstein-Lauenburgische Gesellschaft fur vaterlandische Geschichte 11

Universitats-Bibliothek 12
Verein nordlich der Elbe fjr Verbreitung Naturwissenschaftlicher Kenntniss.. 4

Klagenfurt, (Austria.)—K. K. Landwirthschafts-Geseilschaft 63
Naturhistoiischcs Museum 4

Klausenburg, ( Austria.

)

—Erdelyi Muzeum Egylet 2
KCnigsberg, ^ Prussia.)—Centralstelle der Landwirthschal'tlichen Vereine des Regie-

rungs-Bezirks Koaigsberg 33
Ostpreussische Physikalisch-Okononiische Gesellschaft 8
Sternwnrte 2
(Jmversitats-Bibliothek 101

Krahau, .Austria.)—C K. Towarzystwo Naukowe Krakowshie 16
Uniwersytet Krakowski 3
Steruwarte 11

Krentsmiinstir, (Austria.)—Sternwarte 11

Laibach, { A u.';tria.

)

—Laudes-Museum 1

Juris iischf Gesellschaft 13
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Landshul.—Historisclier Verein fur Niedcrbayern 17
Leipzig, {Saxony.)—Deutsche Mor<jenlandische Gesellsclirift 38

F. A. Brockhaus' Verlao^sbui-lihandlung 89
Fiirstlich Jablouowski'sche Gesellscbaft 5
Koniglich Sachsiscbe Gescllschafc der Wissenschaften 50
Polytechnische Gesellscbaft 5
Redaction der Deutsche Laudwirthe 12
Taubstnmmen Austalt 3
Uuiversitats-Bibliothek 66
Verein von Freunde der Erdkunde 4

Linz, (Austria. )—Handels- uud Gevverbekammer Obero.sterreichs 25
Museum Francisco-Caroliuum 9

Lilbeck,
(
Hanse- Town.

)

—Museum fiir Kunst und Natur 2
LUnehurg, {Hannocer. )—Naturwissenschaftlicher Verein 7
Luxembourg, (Luxenburg.)—Soeiete des Sciences Naturelles du Grand-Duchc de Lux-

embourg 3
Societ6 pour la Recherche et la Conservation des Monuments Historiques dans

Ic Grand-Duche de Luxembourg 11

Mainz,
(
Hessia.

)

—Grossherzoglich Handels-Kammer I

Mannheim,
(
Baden. )—Sternwarte 1

Verein fur Naturkunde 6
Marburg,

(
Hessia.

)

—Gesellscbaft zur Befoderuug der gesamuiten Xaturwissenschafteu 3
Universitats-Bibliothek 149

Meiningcn, (Saxe-Meiningen. )—Verein fur Pomologie und Gartenban 8
Meissen, (Saxony. )—Naturwissenschaftliche " Isis" 4
Merseburg, (Prussia.)—Landwirthschaftlicher Central-Verein fiir die Provinz Sachsen 6
Mcseritz.—Konigliche Realschule 1

Munclien, (3Innich,) (Uararia.)—Bavarian Government 5
Baierischcu Garteubau Gesellscbaft 3
Koniglicb Baieriscbe Akademie der Wissenschaften 59
Kouigliche llof- und Staats-Bibliothek 152
Landwirthschaftlicher Verein 33
Polytechnischer Verein 2
Stermvarte 7

Neissc.—K. Katholischc Gymnasium 7
Philomathische Gesellscbaft 6
Realschule 9

Neu- Brandenburg, (Mecklenburg.)—Verein der Freunde der Naturgeschichte in Meck-
lenburg 7

NiXrnberg, ( Bavaria.)—Germanisches Museum 50
Naturhistorische Gesellscbaft 4

Offenbach, ( Hessia.)—Verein fiir Naturkunde 5
Grossherzoglich Handels-Kammer 1

Oldenburg, (Oldenburg.)—Grossberzoglichc Bibliotbek 1

Olmutz, (Austria.)—K. K. Obcr-Realchule 2
K. K. Gj'mnasium 3
Uuiversitats-Bibliothek 233

Passau, (Cacarm. )^Naturhistoriseber Verein 5
Praktische Gartenbau-Gesell. in Baiern 12

Pesth, ( A ustria.)—Kiralyi Magyar Termeszettudomanyi Tdrsulat 10
Universitats-Bibliothek 6

Potsdam, (Prussia. )—Botanisher Verein fiir die Provinz Brandenburg 11

Prag, (Austria.

)

—Koniglich Bohmische Gesellscbaft der Wissenschaften 22
K. K. Patriotiscb-okonomische Gesellscbaft 15
K. K. Sternwarto 3
Verc^in fiir Geschichte der Deutschen in Bohn>en 15

Pressburg, (A ustria.)—Verein fiir Naturkunde 6
Regensbiirg, ( Bavaria.

)

—Historisclier Verein fiir die Ober-Pfalz 13
K. Baieriscbe Apotheker Verein 9
K. Baieriscbe botauische Gesellscbaft 10
Zoologiscb-Mineralogischer Verein 12

Rostock, ( Mecklenburg.

)

—Mecklenburgische Patriotischer Vereiu 3
Uuiversitiits-Bibliothek 24

Salzburg, ( A ustria.

)

—Vaterlandisches Museum Carolino-Augusteum 11
Schwerin, ( Merklcnburg-Schwcrin.

)

—Grossherzogliches Statistisches Bureau 17
Verein fur Mecklenburgische Geschichte und Altcrthumskunde 10

Stettin, ( Prussia.

)

—Eutomologischer Verein 12
Stuttgart ( JJ urttcmberg.

)

—Gewerbe-Verein 22
K. Centralstelle fiir die Landwirthschaft --. 21
K. Centralstelle fiir Gewerbe und Handel , 26
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K. Offeutliche Bibliotbok 3
K. Stalistiscb-topogiaplii«cl:es Bureau 9
Monatscbrirt fur Pomologie und praktiscbcn Obstbau 11

Verein fiir Vaterliind Naturkunde in Wiirtteuiberg 8
Vereiu zur Fursorge fiir eutlassene Strafgefangene 7
Wiirttembergiscber Altertluims-Verein 7

Wurttembergiscbev Arztlicher Verein 2
Tharand, (Sa.ronii. )—Koniglicb Siifhs. Akadcmic fiir Forst und Landwirtbe 2
Trieste, (Austria.)—Civico Musco Fordinando-Massimiliauo 2

Garteubau-GeseKscbaft dcs Litorak'. 11

K. K. HydrograpbJsche-Anstalt und Marine-Sternwarte, (Director, Dr. Scbaub) 11

Societa Scientifico Letteraria delle Minerva, 24
Weimar, (Saxe- Weimar.

)

—Geograpbisches Institut 12
(xrossberzoglicbe Gymnasium 2
Wilbelm-Ernst Gymnasium 3

Wicn. ( Vienna,) (Austria.)—Hydrograpbiscbe Anstalt der Kais. Osster. Marine 2
Kaiserlicbe Akademio der Wis.senschaften 240
K. K. Central-Austalt fur Metcorologie u. Erd-Magnetism 1

K. K. Direction des Administrativen Statistik 4
K. K. Geograpbiscbo Gesellscbaft 12
K. K. Geokigiscbe Reicbsanstalt 24
K. K. Hot- und Staatsdruckevei 12
K. K. Landwirthscbaft-Gescllscbaft 38
K. K. Marine-Oljer-Commando 3
K. K. Sternwarte 42
K. K. Zoologiscb-BotaniscLe Gesellscbaft 20
Osterr. Ingenieur-Verein 57
Redaction der Entomologiscben Monatsscbrift 68
Redaction der Osterreicbiscbcn Zeitscbrift fur Berg-und Hiittenkunde 1

Redaction der Osterreicbiscbcn Zeitscbrift fiir praktiscbe Heilkunde 53
Redaction der Ost und West 3
Universitats-Blbliotbek 2

JVieshadcn, (N'assau.)—Verein fiir Nassauischc Geschicbte u. Alterthumskunde 7

Verein fiir Naturkunde 15
JVorms, (Hesse-Darmstadt.)—Grossberz. Handels-Kammer 2
liilrzburg, (Baparia.)~-lli>itonschcr Verein von Uuterfranken und Ascbaffenburg. .. 15

Pbysikaliscb-Mcdiciuiscbe Gesellscbaft 46
Polytecbniscber Verein 10
Uuiversitats-Bibliotbek 223
Verein fiir Nassauiscbo Alterthumskunde und Gescbichtsforschung 17

SWITZEULAND.

Aarau.—Aargauiscbe ^ aturforscbendc Gesellscbaft ' 8
Basel.—Gesellscbaft far vaterlandiscbc Altertbiimcr 11

Naturforscbend • Gesellscbaft 6
Uuivcrsitats-Bnjiiotbek 10

Bern.—Allgemeiue .Sebweizeriscbc Gesellscbaft fiir die gesammlem Naturwissen-
scbaften 12

Conseil Federal Suisse 7
Naturforscbende Gesellscbaft 6
Okonomiscbo Gesellscbaft dcs Kantons Bern

'

57
Universitiits-Bibliotbek 52

Cliur.—Naturforscbende Gesellscbaft Graubiindcns 9
Geneve—lustitnt National Genevois 3

Societo Genevoiso d'Utibtc Publique 6
Societo do Geograpbio 3
Societe do Physique et d'Histoire Naturclle 5

Lausanne.—Asile des Aveugles do Lausanne 6
Seciete d'Histoire do la Suisse Romande 4
Societo Vaudoise des Sciences Naturclles 7

Neuchatcl.—Societo des Sciences Naturclles 6
St. G«//cn, --Naturwisseuscbaftliche Gesellscbaft 5
Zurich.—Ecole Polytecbniquo Federalo 13

Naturforscbende Gesellscbaft 7
Universitjits-Bibliothek 81

IJELGIUM.

Anvers, ( A nticcrp.)—Societe do Pharmacic 7
Sociclo Paiaooutologiquo do Belgiquo 6
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Brujcelks, {Brussela.)—Academic Royalc des Sciences, des Lettres et des Beaux-Arts
do Bolglque 50

Etablisscnient Geog-rapliique de Bruxelles 51

Observatoiro Royal 10

Societc Royalo Liunceune do Bruxelles 1

Gand, ( Ghent.

)

—Uuiversite G

Liege.—Soeiete Royale des Sciences 5

Louvain.—Uuiversite Catbolique -. 160

Mons.—Soeiete des Sciences, des Arts et des Lettres du ilaiuaut 1

FUANCE.

Institut des Provinces do France 1

Congres Scientitiquc dc France ^

AbbcoUlc.—Soeiete Imperiale d'Emulation 7

Amiens.—Soeiete des Antiquaires de Picardie 5

Angers.—Soeiete Liuneennes du Department de Maine-et-Loire '.i

Soeiete Academique de Maine-et-Loire 1(5

Bezicrs, {Herault. )—Soeiete Arclieologique 4

Bordeaux.—Acad. Imperiale des Sciences, Belles-Lettres ct Arts 20
Academic de Bordeaux 1

Cbambre de Commerce 20
Soeiete d'Hortlculture de la Giroude 9
Soeiete des Sciences Pbysiques et Naturelles 2,

Soeiete Pliilomatbique de Bordeaux 16.

Societc Linuoeuuc de Bordeaux 10
Caen.—Academio des Sciences, Art et Belles-Lettres -7

Societc des Antiquaires des Normaudie — 5
Societo Linneenuo do Normandie 17

Soeiete do Medeciue de Caen 2
Chambery.—Soeiete Imp. Academique de Savoie 4

Clidlons-siir-Marnc.—Suciete d'Agriculture, Commerce et Sciences de la Marue 21
Cherbourg.—Soeiete Imp. des Sciences Naturelles do Cberbourg 5
Dijon.—Academio dos Sciences, Arts ct Belles-Lettres de Dijon 3

Soeiete d'Agriculture et d'Industrie Agricole du Department de la Cote d'Or.. 50
Douai.—Museum d'Histoire Naturelle. 6
Dunkerque.—Societc Dunkerquoise pour rEncouragement des Sciences 3
Evreiix.—Soeiete Libre d'Agriculture, Sciences, Arts et Belles-Lettres de I'Eure 2
Le Mans.—Societc d'Agriculture, Science et Arts dc la Sartbe 20
Lyon.—Soeiete Imperiale dc I'AgricuIture, Histoirc Naturelle et Arts Utiles de Lyon. 5

Academic des Sciences, Belles-Lettres et Arts de Lyon 9
Soeiete Hydrom6trique de Lyon < 3

Mende.—Soeiete d'Agriculture, Industrie, Sciences et Arts du Departement de la Lozere 50
Metz.—Academic Imperiale de Metz 6

Soeiete d'Histoire Naturelle du Departement de la Moselle 1

Montpellicr.—Soeiete Archeologique dc? Montpellier 5
Academic des Sciences et Lettres de Montpellier 13

Mulhousc.—Societc Industrielle 59
Nancy.—Academic dc Stanislas 32
Ninies.—Academic du Gard 2
Paris.—Bibbotliequc Imperiale 1

ficole Imperiale des Mines 2G
Institut dc France 35
Institut Historiques dc France 53
Ministcre de la Guerre- 29
Ministerc do la Marine et des Colonies 55
Museum d'Histoire Naturelle 4

Observatoiro Imperial 23
Societc d'Anthropologic 3

Society do Biologic 8
Soeiete de Geographic ' 17

Soeiete Eutomologiquc 11

Societc Frau9aise de Statistiques Universelle, (Acad. Nat. Agr. Manufactur. et

Commcrciale) 52
Societc Geologique de France 30
Societc Imperiale ct Centrale d'llorticultuie de Paris 64.

Societc Medicale HomooopatLique 2
Societc Meteorologique de France 34
Societc Philomatique 4.

Societc Zoologique d'Acclimatatiou 68
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Rouen.—Actidemio ties Sciences, Belles-Lettrcs et Arts de Roueu 5
Saint- Qucntiu.—Societe Academique des Sciences, Arts, Belles-Lettres, et Agriculture 2
StrasbuuTg.—Societe des Sciences Naturellcs de Strasbourg- 3

Societe des Sciences, Agriculture et Arts du Bas-Rliin 2
Toulouse.—Academic des Sciences, Inscriptions et Belles-Lettrcs de Toulouse 7

Societe Imperiale de Medecine, Chirurgie et Piiarmai'ie de Toulouse; 4

Tours.—Societe d'Agricirlture, des Sciences, des Arts et des Belles-Lettres 12

ITALY.

Bergamo.—Societa Industrialc Bergamasca 8
Bologna.—Accademia delle Wcienze dell' Istituto di Bologna 11

Fircnze, (Florence.)—Reale Musco di Fisica e Storia Naturale di Firenze .5

Genova, (
Genoa. )—Arch, per la Zoologia, I'Anatomia e la Physiologia 3

Milano.—Associaziono Agricola Lombarda di Corte del Palasio 34
Ateneo di Scienze, Lettere ed Aiti • 8
Ospedale Maggiore di Milano 15
Osservatorio 7
Imp. Regio Istitiito Lombardo di Scienze, Lettere ed Arti ,5

Societa Geologica 1

Societa Italiana di Scienze Natural! 7
Modena.—Societa Italiana della Scienze 1

Napoti, (Naples.)—Accademia dcgli Aspirauti Naturalist! 6
Rcalo Accademia dellc Scienze e Belle Lettere 5
Societa Rcalc di Napoli 16

Padovn, (Padua.)—Imperiale Regia Accademia di Scienze, Lettere ed Arti di Padova 4

Palermo.—Accademia Palermitana di Scienze e Lettere 4
Reale Osservatorio 1

R. Istituto d'lncoraggiamento di Agricoltura, Art! e Mamlatture in Sicilia 1

Societa di Acclimazione e di Agricoltura in Sicilia 22
Roma.—Accademia Pontilicia de! Nuuvi Liucei . . : 12

Corrispoudeuza Scientilica in Roma 17
Govcruo Pontoficio 1

Osservatorio Astronomico del CoUegio Romano 74
Siena.—Accademia di Fisiocritici 1

Torino, ( Turin.)—Accademia Reale delle Scienze 2
Udine.—Associaziono Agraria Friulana 43
Venczia, (Venice.)—I. R. Istituto Veneto di Scienze, Lettere ed Ai'ti 56

Mechitaristen-Coliegiuni 1

Verona.—Accademia d' Agricoltura, Commercio ed Ail! d! Verona 12

PORTUGAL.

Lisboa, (Lisbon.)—Academia Real das Sciencias 3
Observatorio do Infante D. Luiz 3

SPAIN.

Madrid.—Real Academia de Cieucias de Madrid 19
Real Academia de Ciencias Morales y Poll ticas 8
Real Academia de la Historia 17
Real Osservatorio 3

San Fernando.—Observatorio Marino 3
Real Academia de San Fernando 1

GREAT BRITAIN AND IRELAND.

JSath—Bath and West of England Agricultural Society 4
Uc//rts^—Natural History and Philosophical Society 9
Berurick-on- Tweed.—Berwickshire Naturalists' Club 24
Birminghatn.—Institution of Mechanical Engineers 3
Cambridge.—Cambridge Free Library 7

Cambridge Observatory 1

University Library 1

Dublin.—Dublin University Zoological and Botanical Association 4
Geological Society of Dublin 6
Natural History Society of Dublin 1

Ro3'al Dublin Society 21
Royal Irish Academy 12

Edinburgh.—Banuatyne Club 3
Botanical Society 5
Library of Faculty of Advocates 1

Meteorological Society of Scotland 16
Royal College of Physicians 1
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Royal Observatory 1

Royal Physical Society 3
Royal Scottish Society of Arts 2
Royal Society ofEdinburgh 15
Society of Antiquaries of Scotland 5
University Library ]

Falmouth.—Royal Cornwall Polytechnic Society 3
Glasgow.—University Library. 6

Geolof^ical Society 8
Greenwich.-—Royal Observatory 22
Kensington.—Sonth Kensington Museum 1
Kew.—Observatory 2
Kilkenny.—Kilkenny and Southeast of Ireland Archajological Society 23
Kingston-upon-Hidl.—Subscription Library 4
Leeds.—Geological and Polytechnic Society of the West Riding of Yorkshire 5

Leeds Philoabphical and Literary Society 28
Leicester.—Leicester Literarj^ and Philosophical Society 2
Liverpool.—Free Public Library, Museum, and Gallery of Art^ of the Town of Liver-

pool 3
Geological Society 5
Historic Society of Lancashire and Cheshire 3
Literary and Philosophical Society ]5
Liverpool Naturalists' Field Club 4
Observatory 1
Royal Institution 2

London.—Anthropological Society 6
Board of Admiralty 522
Board of Trade 57
British Association for the Advancement of Science 5
British Government ' 3
British Museum 198
Chemical Society of London 50
Entomological Society ^ 22
Ethnological Society of London 2
Geologist's Association 8
Geological Society of London 27
Great Seal Patent Office 32
Royal Horticultural Society of London 60
Institute of Actuaries of Great Britain and Ireland 30
Institution of Civil Engineers 24
Library of the Hon. the East India Company ]

Library of Corporation of City of Loudon 5
Linna?au Society 61
London Institution, (Finsbiiry Circus) 21
London Library 1

British Meteorological Society 20-

Museum of Practical Geology 49
National Association for the Promotion of Social Science 5
Philological Society 8
Photographic Society 67
Koyal Agricultural Society of England 28
Royal Asiatic Society 11
Royal Astronomical Society 49
Royal College of Surgeons of England 2
Royal Geographical Society of London 29
Royal Institution of Great Britain 12
Royal Society of London 51

Society of Antiquaries of London 26
Society for the Encouragement of Arts, Manufactures, and Commerce 189
Statistical Society of London 29
Syro-Egyptian Society 1

University College 5
Zoological Society of London 24

Macclesfield.—Macclesfield Society for Acquiring Useful Knowledge 3
Manchester.—Literary and Philosophical Society of Manchester 42

Lancashire Independent College 1

Manchester Free Library aud Museum 29
Newcastle-upon-Tyne.—Literary and Philosophical Society 1

Tyneside Naturalists' Field Club 14

7 S
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Noncich.—Norfolk aiul Norv/ich Museum 1

Noitinghum.—Uuited Lunatic Asylum 6
Oxford.—Bodleiau Library 2

Oxford University Entomological Society 1

Eadclitl'e Observatory 4
Plymoullt.—Plymouth Institution and Devon and Cornwall Natural History Society. 2
S./ 'ford.—Free Museum and Library 3

Town Council of Salford 8
Taunton.—Somersetshire Archaeological aud Natural History Society 1

GREECE.

Athens.—Observatory 1

TURKEY.

Belgrad, (Serlia.)—Drushtvo srbske Slovessuosti (Society of Serbian Literature). .. 12

ASIA.

Batavia.—Bataviaasch Genootschap van Kunsten en "Wetenschappen 6
Natuurkundige Vereeniging in Ncdcrlandsch Indie 36

Bombay.—Bombay gt)vernmeut 2
Geographical Society 1

Royal Asiatic Society 1

Calcutta.—Asiatic Society 84
Agricultural and Horticultural Society of India 8
Geological Survey of India 22

Ceylon.—Asiatic Society 4
Shunglial.—lioyal Asiatic Society of China, (North China Branch) 2

AUSTRALIA.

Hoharton, (Tasmania.)—Royal Society of Tasmania 20
Melbourne.—Library of Parliament 2
Sydney.—Entomological Society of New South Wales 1.

AMERICA—(exclusive of British America.)

Habana, ( Cuba. )—Real Sociedad Economica de la Habana 68
Kingston, (Jamaica.)—Rojal Society of Arts of Jamaica 12

Mexico, (Meiico.)—JSociedad Mexicana de Geogratia y Estadistica 123
Rio Janeiro, (Brazil.)—Instituto Historico, Geographico e Ethnographico de Imperio

do Brazil 24
Santiago, ( Chile.

)

—Ministro de Instrucciou Publico 1

Universidad de Chile 80

List of indivirluals of foreign countries from whom donations to the library of
the Institution have been received during the years lS60-'64.

Alder, J
Agardh, Prof. J. G
Ascherson, Dr. P
Babbage, C
Badecker, J
Baer, C. E
Baker, C
Baldamus, E
Barbachano, T. A
Barbosa du Bocage, J. V
Barth, J. A
Bellardi, L
Beneden, P. J. van
Ben toy, Prof. T
Berliug, E. W
Betta, Dr. E. de
Bianconi, Dr. J
Blaschke, E...

Bleekrode, Prof. S...
Blum, G
Blytt.M. N
Bonsdorif, E. J
Booth, J., & Son
Bottield, B
Bourget, J
Brehm, Dr. A. E
Brockhaus, F. A
Brown, Prof. H
Bruhns, Dr. C. C
Buchner, Dr. O
Calindri, Prof. U
Candolle, A. de
Canestriui, Dr. J
Carlier, A
Carpenter, Dr. P. P.
Carus, Prof. J. V. . .

.

15

16
1

22
2
2
4
]2
97
K^
1

17
13
1
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List of individuals from whom dnnations to the Vibrary, hjc.—ContiuuecT.

Name.

Chauvean, Hon. P. J. O
Cazalis, Dr. F
Chaix.P
Cliauna, A
Claparede, E
Cooko, M. C
Cornalia, Prof.

Cornay, J. E
Cotta, Dr. B. von
Cox, G
Daubre6, A
Dejardin, A
Delaucy, E. M. J
Delesse
Des Moulins, C
Des Murs, O
Desnoyers, J
Dohrn, Dr. C. A
Donders, Prof
Dove, Dr. H.W
Drewsen, C
Dufoin-, Prof, C
Dumeril, A
Eglinton, Earl of

Einhorn, T., Veit & Co
EnckcDr. J. F
Engelhardt, J. G
Engclmann, W
Essclien, Dr. C. von
Favre, Prof. A
.Fischer, Dr. J. G
Forschammer, Prof
Founiet, Prof. J
Frauenfeld, G
Galle, Prof.

Garcia y Cubas, A
Gassies, J. B
Gaudin, Prof. C. T
Gehricke
Geinitz, Prof. H. B
Gcorgi, Dr. K. A-..1
Gerling, Dr
Geyer, K. A
Giebel, Dr. C
Gistel, Dr. J
Glass, R
Gocppert, Dr. H. R
Goth,Dr.G
Griibner, G
Grunert, Dr. J. A
Guerin-M6neville, Prof. F. E...
Guidi,L
Gunning, Dr. J. W
Gunning, Dr. W. M
Hagen, Dr. A. H
Haidingcr, W
Hamm, Dr. W
Hartmann, Dr, C
Haughton, Rev. S
Hazlinsky, Prof, F
Heider, Dr
Heis, Dr
HeUer, Dr. E

2
8
3
6
5
2
1

2
273
2
76
1

1

16
5
3
14

25
2
1

3

7
1

6

3
3

11

113
n
2
2
1

36
37

54
1

5
2
7

41
4

47
21
2

27
140

1

Herschel, Sir J.
Heyneraann, E.
Hifdcbrand, Dr.
Hill, C. J. D.
Hingenau, Baron von.
Hodges, Dr. J. F.
Hoek
Holmboe, C. A
HorneS; Dr. M
Hulmer, O
Hiilsse, Dr
Jaeger, Dr. G. F
Jtiger, G. von
Jan, Prof
Jeitteles, Prof. L. H
Kamtz, Dr. L. F
Katona, D
Keferstein, Dr. W
Kirby, W. F
Kirsclibaum, Prof. C. F
Kittlitz, J. H. von
Kner, Dr. R
Koch, Prof.

Kokscharow, N. von
Kolliker, Prof. A
Koninck, Dr. L. de
Krauss, Dr. C. F. F
Kreidel & Neidner
Krueger, A
Lange, Dr. H
La Roquette, De
Lawes, J. B., and Dr. J. H. Gilbert.

Lazar, Count Col
Lebarzik, Dr. F
Lenk, Dr. A. C
Lepsius, Dr. K. R
Leuckart, Prof
Leydig, Dr. F
Liljeborg, Prof. W
Lindsay, Dr. W. L
Liscb, Dr. G. E. F
Littrow, K. von
Lobe, Dr.W
Loew, Dir. H '.

Lombardini, Prof
Macguire, J. F
iMailly, E
Mallet, R
Malm, A. W
Martins, Cb
Martins, Dr. C. F. P
Martins, Dr, E. von
Masson, H
Masson, V
Meissner, Dr. G. H
Mestre, Don Jos6 M
Milne-Edwards, H
Mittermaier, Dr. K
Moesta, Dr. S, W
Mobn, H
Mobr, Dr, F
Montague, Dr, C
Morlot, A

1

1

1

4
13
7
24
2
1

10
3
1

6
20
30
1

43
5
1

2
3
1

1

47
8
1

1

1

2
1

1

1

1

2
9
10
1
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List of bidioiduals from wliom donations to the llhrary, 8fc.—Continued.

Name.

Morrison, Lieutenant R. J
MotschuLsky, V. de
Mnoller, Dr. F
Mnbry, Dr. A
Muller, F
Murray, A
Niedorinayr, J
Nijlioff. M
Omboni, Dr. G
Orsolata, Dr. G ,

Pajiadopoli, A
Pa]Kidoj)oli, N
Payne, Bishop
Pease, W. H
Perry, A
Perthes, J. Boucher de
I'crthes, J
Peters, Dr. C. A. F
Peters, Prof. W
Phoebus, P
Plant
Plantaniour, Prof. E
Poey, F
Poggeudorff, J. C
Powalky, Dr. C. R
Powis, Earl of

Prestel, Dr. M. A. F
Prcyss, Dr. G
Priug\sheini, .J. N
I'roll, Dr. G
Quctelet, Prof. L.A.J
Eadlkofer, Dr. L
Ramsav, Prof A. E
Eaulin, Prof. V ,

Eawliuson, R
Eeinliardt, J
Eenzi, A
Riehardson, Sir J
Eitter von Hauer, F
Robin, C
Rossmassler, Prof. E. A ,

Roth, Prof.

Rowe, J. Brooking
Sabir, C. de
Sandberger, Prof. F ,

Sarmiento, Don
Saussure, H. de
Schaetler, H
Schatrgot sch, F. G
Scharft; Dr. F
Schaufuss, L. W
Schlechtendal, Prof, von
Schleicher, A
Schmid, Dr. E. E

No.

1

8

1

2
31

1

3
1

2
1

1

1

2
3

11

2
75
1

10
2

31

13
3
1

1

1

14
80
2
1

5
2
1

1

1
* 3

I

1

1

1

100
2
2
1

1

3
52
24
3

6
22
12
o

3

Schmidt, Dr. J. F. J
Schon feld. Dr. E
Schroeder van dcr Kolk, Prof.
Schultz, Drs. C. H. and F....
Scrojie, G. P
Secchi, A. P
Sedlaczek, Lieutenant E
Scgnitz. Dr. E.,
Senoner, Dr. A
Smyili, Rear-Admiral
Soinieukaib, Prof.

Spillcr, P
Stabile, Prof Al)he J
Staring, Dr. W. C. H
Steczkowski, IVof
Steenstrup, J. J
Stockliardt, Prof. E
Stoppelaar, H. do
Struck, C
Suess, Prof
Sunder-Mahlcr, A. C. E
Tate, G
Terver
Thalon, T. R
Thomson, G. G
Tkalac, Dr. E. von
Tornay, Dr. C
Travers, J
Traltsch, Dr. van ,

Troyon, F
Uie", Dr. O
Vallardi, Dr. F ,

Varges, Dr. A. W
Vetter, Dr. P. G. A ,

Villa, A. &G. B
Virchow, R
VolpicelU, Prof. E
Vortisch, L
Wadia, R. H;
Wagner, R
Walker,. F
Walton,
Weber, Dr. G
Weigel, T. O
Weinland, Dr. D. F
Weisbach, J
W^eitenwebcr, Dr. U. N
Westvvood, J. O
Whewell, Dr. W
Whistling, C.W
Wolf, Dr. R
Zcller, Dr. P. C
Ziegler, J. M
Zucliold, A



LIST OF METEOROLOGICAL STATIONS AND OBSERVERS

OF THE

SMITHSONIAN INSTITUTION

FOR THE YEAR 1864.

Name of observer.

BRITISH AMKRICA.

Acadia College
Baker, J. C
Clarke, Lawrence, jr

Delaney, Edward M. J

Magnetic Observatory
Muidock, Ct

Hankiu, Coliu

MEXICO.

Ijaszlo, Charles
Sartorins, Dr. Cbarles
Kieto, Jos6 A

CENTRAL AMERICA.

Eiotte, C.N
White, WilUam T., M. D..

WEST INDIES.

United States Consul.
Julieu, Alexis A

Royal Engineers, (in the
Koyal Gazette.)

SOUTH AMERICA.

Station.

Wolfville, Nova Scotia
Stanbridge, Canada East
Fort a la Corne, Saskatchewan
Colonial Building, St. John's, New-

foundland.
Toronto, Canada West
St. John, New Brunswick
Michipiootou, Canada West

San Juan Bautista, Tabasco.
Mirador, Vera Cruz
Cordova, Vera Cruz

San Jos6, Costa Rica.
A.spiuwall

Turk's Island....
Sombrero Island

.

Centre Signal Station, Saint George's.

Hering, C. T Government Plantation Rustenberg,

I
colony of Surinam, Dutch Guiana.

4.5 06
45 OS

47 35

43 39

'47 56

17 47
19 15
18 54

9 54
9 21

3 00
18 35

64 25
73 00

52 40

79 21

"85 06

92 36
96 25

84 06
79 54

63 27

Feet.

95

170

tl08

'660

40
3,600

A
T
T
B. T.R.

A
B. T. R.
B.T..-.

A
A
B. T.R.

T.R.
A....

A..

' A signifies Barometer, Thermometer, Psychrom-
eter, and Rain Gauge.

B signifies Barometer.
T siguifieg Thermometer.

P signifies Psychrometer.
R signifies Rain Gauge.
N sisnities no instrument.

t Above Lake Ontario.

12
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Zdist of vieteorological stations and observers, Sfc.—Continued.
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List of meteorological stations and observers, S^-c.—Coutinued.

Name of observer.

INDIANA—Continued

Chappellsmith, John
Collins, Rev. Samuel
Crozier, Dr. E. S
Dawson. William
Griest, John
Hobbs, William Henry - .

.

Loughridge, J. H., M. D.

.

Mayhew, Royal
Redding, Thomas B
Kice, E. J

IOWA.

Briggg, Rev. E. L
Chamberlain, John
Collin, Prof. Alonzo
Deering, D. S
Dorweiler, Philip
Doyle, L. H
Farnsworth, P. J., M. D..
Foster, Suel
Horr. Asa, M. D
McConnel, Tovvnsend . . . .

McCoy, Franklin, M. D. ?

JleCoy, Miss Elizabeth. . >
MoCveady , Daniel
Mead, Chauncey
Parvin, Prof. Theodore S.
Stebbins, Richard
Steed, P
Towusend, Nathan
Walton, Josiah P
Wheaton, Alex. Camp

KANSAS.

Beckwith, W
Drew, F. P., M. D., U.S.A.
Fuller, Arthur N
Denison, Henry L
Soule, W.L.G

KENTUCKY.

Caldwell, R. H
Young, Mrs. Lawrence.

MAINE.

Brackett, Geo. Emerson. .

.

Dana, Wm. D
Gardiner, Rev. Frederick .

GuptiU, G. W
Moore, AsaP
Osgood, Henry H
Parker, J. D
Pitman, Edwin J

Pitman, Mark.
West, Silas

,

Wilbur, Benjamin F

MARYLAND.

Baer, Miss Harriott M
Dutton, Prof. J. Russell. .

.

Gillinghara, Warrington ..

Goodman, William R
Lowndes, Benjamin O
Stephenson, Rev. James

.

Tabb, Philip
,

Station.

New Harmony.

.

Madison
New Albany
Spiceland
Pennville
Bloomiugdale...
Rensselaer
Indianapolis
Newcastle
Muncie

Mount Pleasant.
Davenport
Mount Vernon..
Independence..

.

Guttenburg
AVaterloo
Lyons
Muscatine
Dubuque
Pleasant Plain.

.

Algona

Fort Madison
Monticello
Iowa City
Ouowa
Waterloo
Iowa Falls
Muscatine
Independence...

Olatha
Fort Riley

-

Lawrence -

Manhattan.

County.

Posey
Jefferson

.

Floyd
Henry
Jay
Parke
Jasper
Marion
Henry
Delaware.

Henry
Scott
Liun
Buchanan
Clayton
Black Hawk.
CUutou
Muscatine . .

.

Dubuque
Jefferson

Kossuth

Lee
Joues*
Johnson
Mouona
Black Hawk.
Hardiu
Muscatine. ...

Buchanan ...

Johnson.

Douglas.
Riley....

Lawrence Douglas.

Danville..
LpuisvUle .

Belfast
North Perry
Gardiner
Cornishville
Lisbon
Bluehill
Steuben
Sebec
Lee
Foxcroft
Cornish
West Water ville.

Sykesville
Chestertown
Union Bridge
Annapolis
Bladensburg
St. Inigoeg
Ellicott's Mills...

Boylo
Jefferson.

Waldo
Washington
Kennebec
York
Androscoggin...
Hancock
Washington
Piscataquis
Penobscot
Piscataquis
York
Kennebec

Carroll
Kent
Carroll
Anue Arundel..
Prince George's.
St. Mary's
Howard

38 08
38 45
38 02
39 48
41 30
39 48

39 55
.39 55
40 12

41 00
41 30
4-.3 00
42 30

42 30
41 50
41 26
42 30
41 07

43 01

40 37
42 13
41 37
42 00
42 30
42 32
41 25
42 29

38 50
39 00
38 58
39 13

38 58

38 07

44 23
45 00
44 41
43 40
44 00
44 25
44 44

45 12
43 40

39 23
39 12

38 59
38 57
38 10

87 50
85 40
85 29
85 18

85 00
87 00

86 00
85 27
85 20

91 38
90 40
91 00
92 16

92 31
90 10
92 00
90 52
94 54

94 04

91 28
91 15

96 11

92 31
93 20
92 02
91 50

94 43
96 30
95 13
96 45
95 13

85 24

69 08
67 06
69 46
70 44
70 04
68 34
67 50

69 13

70 44

76 57
75 59

76 29
76 58
76 41

Feet.

320

3.53

1, 025

698
1,000

737

"850

401

666
950

1,500

1,300
970

1,000
970

570

100
90

800
130
50
50

784

20
112
45

A
B. T. R..
B. T. P..
B. T. R..
T
N
T. R
T. R
B. T
B. T. R..

T. R. .

.

A
T
T
T. R. .

.

T. R. .

.

T. R...
N
A
T. R. .

.

T. R. .

.

T. R...
T. R...
A
B. T. .

.

T. R...
T. R. .

.

A
T.R...

T
T.B...
R
T.R...
B

B
A

T.R...
A
B. T. R
T. R. .

.

T. R. .

.

T. R. .

.

A
T
T
B. T. .

.

B. T.R
T.R...

T. P.R
A
B. T. R
A
T. R. .

.

A
T

Height above Wabash river.
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List of meteorological stations and observers, 8fc.—Continued.

Name of observer.

MASSACHUSETTS.

ABtronomical Observatory.
Barrows, N., M. D
Caldwell, JobnH \

Davis. Rev. Emerson
Dewhurst. Key. Eli

Fallon, John
Merriam. Artlmr M
Melcalf, JnhiiGeo., M. D.
Brentiss, Henry C, M D.
Kodmaji. .Samuel
Snell. Prof. E. S
Tappan, Eugene

MICHIGAN.

Ellis, Edwin. M. D
Kedzie, Prof. R. C
Mapes. Henry H
Srreng, L. H
Van Orden. William, jr..
Weeks, James A
Wiielpley. MissFloreuceE
Woodard, C. S

MI.NNESOTA.

Station.

Williamstown
.Sandwich
Topstield
N<'wbury
West field

Baldwinsville
Lawrence
Topsfield
Mendou
Worcester
New Bedford . .

.

Amher.it
West Dennis

ttarlick. ..

Lansing.

.

Oslitemo.

.

Holland..
Clifton ...

Pontiac. ..

Moui-oe...
YpsUanti.

Chenej', William Minneapolis .

Grave, Mary A Tamarack . .

.

M.mkato
St. Paul
Ni'w Ulm
Forest (Uty..
Beaver Bay..

Kilgore, William
Paterson, Rev. A. B., D.D.
Boos. Charles
Smith, Henry L
Wieland, C

MISSISSIPPI.

McCary, Robert

MISSOURI.

Caldwell, J. T.
Christian. John
Engelmaun, George. M. D
Feudler, Augustus
Lunemaun, JohnH., S.J
Itluir. William
Ray, George P
Sibley, P. B

NEBRASKA.

Bowen, Miss Anna M. J.

.

Hamilton, Rev. William .

NEW HAMPSHIRE.

Brown, Branch
Chase, Arthur
Mead, S tcphen O
Nason, Rev. Elias

Odell, Fletcher
Pitman. Charles H
Smith, Rulus
Whiting, Robert C

NEW JERSEY.

Beans, Thomas J.

Brooks, William ,.

Deacon, John C
Lippincott, James S
Rhees, Morgan J., M. D.

Natchez

.

Athens
HaiTisonviUe .

.

St. Louis
St. Louis
St. Louis
Laborville
Can ton
Easton

County.

Berkshire..

.

Barnstable.

.

Essex
Essex
Hampden. .

.

Worcester.

.

Essex
Essex
Worcester..
Worcester.

.

Bristol

Hampshire .

Barnstable.

.

ElkhornCity—
Bellevue

Stratford
Claremout
Clareraont ,

Exeter
.Shelburne
North Barn.stead
North Littleton .

Littleton

Progress
Passaic Valley.

.

Burlington
Cole's Landing..
Mount Holly

Ontonagon .

Ingham
Kalamazoo .

Ottawa
Keweenaw .

Oakland
Monroe
Washtenaw.

Adams

.

Clark
Cass
St. Louis .

.

St. Louis .

.

St. Louis .

.

St. L(mi8 .

.

Lewis
Buchanan

.

Douglas.
Sarpy...

Coos
Sullivan
Sullivan
Rockingham.
Coos
Belknap
Grafton
Grafton

4-3 43
41 45

42 06
42 37
42 42

42 06
42 16

41 39
42 22
41 40

AB 49
42 42

43 00
47 00

41 56
42 15

Hennepin 45 00
Hennepin
Blue Earth..
Ramsey
Brown
Meeker
Lake 47 17

44 08
44 57
44 16
45 13

73 13
70 30

72 48
72 05
71 U

71 34
71 48
70 56
72 34
70 11

90 00
84 34

86 00
88 00

83 23
83 47

93 10

93 30
93 05
94 20
94 28
91 18

91 25

38 37
38 37
38 40
38 33
40 12

39 46

41 22
41 08

44 08
43 22

42 58
44 23
43 38
44 20
44 20

Burlington 40 03
Passaic 40 53
Burlington 40 05
Camden 39 54
BurUngton I 39 59

90 15
90 16
90 15

90 43
91 37
94 22

96 12
95 50

71 34
72 21

70 65
71 06
71 27
71 50
72 00

75 11
74 12
75 10

75 02
74 47

Ftet.

686

180
847
133

528
90

267
25

1,410
895

680
800

590
751

856

50
800
850

264

481
470
475

1,000

1,000
539

125
700

15
140

B. T. R.
T. K....
T. R....
T
A
B. T. R

.

A
T. R. . .

.

B. T.B.
A
A
A
T.B....

T.B....
A
N
T. R. . .

.

T
T
T. R....
A

B.T....
T
T..

T. R. . .

.

T.R....
T. R....
B. T....

T
T
A
B. T.P
A
T
T
T. R. .

.

T
T. R. . .

.

T.R....
E. T.R.
T
B.T....
B.T....
T
B. T....
T.R

T.R
T.R..-.
T. R. . .

.

T
B.T....
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List of meteorological stations and observers, S^-c.—Continued.

Name of observer.

NEW JEKSKY—Continued.

Stieppard, Clarkson
Thompson, George W
Whitehead, W. A

NEW TURK.

Arden, Thomas B
Aubiur, Rev. Jno. M., S. J-
Bmti'ws, Storrs
Bartlett, Erastus B
Bcaiuhamp, Wm. M
Bowman, John
Cowing, Philo

Dill, John B
Dunning, William H
DfWL-y, Prof. Chester
Fuller, HobertM ?

Swart, Harmon V i
Gardiner, James H
Gregory, 8. O
Heimstreet, John W
Holmes, Dr. E. S
Howell, Robert
Hunt, Goo. M
Hyde, Stephen
Ingalsbe, Grenvillo M
Mack, Uev. Eli T
McMore, P. A
Jlaleom, Wm. SchUyler
MatlKvvs, M. M., M. D
Worriis, Prof. Oran W
Paiue, H.M., M.D
Pratt, DanielJ
Roe, Rev. San. W., M. D.

.

Rogers, Francis M
Russell. Cvrus H
Snoith, E.A
Spoouer, Dr. Stillman
Trowbridge, David
White, Aaron
WiUi.s Oliver R
Wilson, Rev. W. D., D. D.

OHIO.

Abell, B.F
Alvord, Davids
Bambach, Dr. G
Benner, Josiah P
Crane, GeorgeW
Dole, J. G
Eugelbrecht, Lud
Fraser, James B
Hammitt. John W
Harper, George W
H.'iywood, Prof. John
Huntington, George C
H vde, Gustavus A )

Hyde, Mrs 5
Earsh, Thomas J
McMillan, Smith B
]Mathcws, Joseph McD
Myers, John H
Newton, Rev. Alfred .

Phillips, R. C.andJ. H....
Rankin, D. M
R'Hlgers, A. P
Sehauber, Hubert A
Thompson, Rev. David...
Thompson. Prof. H. A
Trembley, J. B., M. D

Station. County.

Greenwich
New Brunswick .

Newark

Garrison's
New York
South Trenton. ..

Vermillion
Skaneateles
Baldwinsville
Seneca Falls
Auburn
Fislikill Landing.
Rochester

Schenectady

Newburg
Theresa
Troy
Wilson
Nichols
North Argyle
Palmyra
South Hartford..
Flatbush
Fort Ann
Oswego
Rochester
New York
Clinton
Fredouia
Jamestown
Throg's Neck
Gouverneur
Moriches
Oneida
Perry City
Cazeuovia
White Plains
Geneva

Welshfield
Austinburg
Ripley
New Lisbon
Bethel
Austinburg
Portsmouth
Saybrook
College Hill

Cincinnati
Kingston '.

.

Kelley's Island. ..

Cleveland

Eaton
East Fairfield

Hillsborough
Smithville
Norwalk
Cincinnati
Cuyahoga Falls..

Gallipolia

Centralia
Milnersvillo
Westerville
Toledo

Cumberland

.

Middlesex ...

Essex

Putnam
New York
Oneida
Oswego
Onondaga
Onondaga
Seneca
Cayuga
Dutchess
Monroe

Schenectady..

Orange
Jefferson
Rensselaer
Niagara
Tioga
Washington ..

Wayne
Washington .

.

Kings
Washington .

.

Oswego
Monroe
New York
Oneida
Chautauqua .

.

Cliautauqua .

.

Westchester ..

St. Lawrence

-

SulYolk
Madison
Schuyler
Sladison
Westchester .

.

Ontario

Geauga
Ashtabula . .

.

Brown
Columbiana
Clermont . .

,

Ashtabula ..

Sciota
Ashtabula ..

Hamilton . ..

Hamilton . .

Ross
Erie

Cuyahoga .

.

Preble
Columbiana
Highland . .

Wayne .

Hurou
Hamilton—
Summit
Gallia
Jlarion
Guernsey . .

Franklin ...

Lucas

39 20
40 30
40 45

41 22
40 44
4.3 10

43 20
43 00
43 04
42 .54

42 55
41 29
43 08

72 49

41 23
41 54
38 47
40 45
39 00
41 54
38 42

39 19

39 06
39 29
41 36

41 30

40 00
40 47

40 52
41 15
39 06
42 00
39 00

75 25
75 31

74 10

74 02
73 59
74 56
77 26
76 30
76 41
76 51
76 28
73 59
77 51

73 55

74 01

75 4s
73 37
78 56
76 32
72 29
77 20
'73 21
74 02
73 44
76 30
77 51
74 05
75 15
79 24
79 19

73 50
75 29
72 36
75 50
76 55
75 46
73 40
77 02

81 12
80 52
83 31
80 45
84 00

84 26
84 27
83 00
82 42

81 40

74 00
80 44

81 51
82 30
84 27
81 00
82 00

40 10
40 04
41 39

81 45
83 00
82 32

Feet.

30
90
35

835
327
932

463
650
42
516

365
58

250

290
466
400
54

1, 430
250
525
25
600

"i,'454

19

""n
500

1, 000
1,260

'"567

1,205
816
*106
961
555
816
537

800
*500
692
587

643

1, 400
1, 152

934

'546

'600

B. T. R..
T
B. T. R..

T.R
A
T. R
T
B.T
T
B.T
T
B. T. R..
B. T.R..

T
B. T
T. R
A
T
T
B. T.R..
T
T.R
B. T. R..
T.R
B.T.R..
A
A
T. P. R
B. T. R
T. R. .

.

T.R...
B. T. R..
T. R .

.

T. R..
N
A
T
B. T.R

604

T.R....
B. T. R.
A
B. T. R.
T. R - -

.

B. T. R.
B. T. R.
T. R . .

.

T. R . - -

A
A
B. T. R-

B. T. R-

T
A
A
T
T
B. T.R.
T. R . .

.

T. R - -

.

N
T
A
B.T.R.

Above low water in the Ohio river.
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List of meteorological stations and observers, Sfc.—Continued.

Name of observer. Station. County.

OlllO—Continued.

Williams, Prof. M. G.
Wilson, Prof. J. H
WinchcBter, E. D
Winger, Martin

OREGON.

Hindman, S. M. W...-
Ironside, R. C
WilUs, P. L

PENNSYLVANIA.

Bentley, E. T
Boyers, W. R
Bruckart, H. G
Brug^'r, Samuel
Clark, Prot. A. G ?

Aldricb, Truman H i
Eacbers, Homer
Eggert, John
Fenton, Elislia

Hauce, Ebeiiezer
Heisely, Dr. John
Hickok,W. O
Hoffer, Dr. Jacob R
Jacobs, Kev. M )

Jacobs, H. E >
Kirkpatrick, Prof. Jas. A.

.

Kobler, Edward
Martindale, Isaac C
Meebau, Thomas )

Meehan, J 5
Moyer, II. C
Ricksecker, Lucius E
Smith, Wm.,D. D
iSpencer, Jlisa Anna
Taylor, John
Weeks, James A

hhode island.

Caswell, Prof. Alexis
Sheldon, H. C

SOUTH CAROLINA.

Abert, Major James W.,
]

U. S. engineers. (
SiUer, Capt, 0. R., U. S.

[

engineers. J

Marsh, M.M.,M.D
\

Marsh, Mrs I

TKNNESSEE.

Blaker, Dr. G. H
Stewart, Prof Wm. M.

UTAH.

PearcG, Harrison .

Pht-lps, W. W
Siber, Andrew L..

VERMONT.

Buckland, David..
Cutting. Hiram A.
Mead, Stephen O .

.

Paddock, James A,
Petty, McK
Tobey, James K...

Urbana
College HiU
AuBtinburg ....
Wooster

Auburn
Auburn
Salem

Tioga
Blairsvillo

Silver Spring...
Fleming

Westchester

Philadelphia
Berwick
Grampian Hills .

MorrihviUe
Harrisburg
Harrisburg
Mount Joy

Gettysburg

Philadelphia
North Whitehall
Byberry

Germantown

Williamsport ...

Nazareth
Canuousburg
Horsham
Conuellsville
Oil City

Providence
Providence

Hilton Head

Beaufort ...

Chattanooga
Clarksville .

St. George..
Salt Lake .

.

Vineland . .

.

Brandon
Lunenburg

.

Rutland
Craftsbury .

Burlington .

Calais

Champaign
Hamilton . .

Ashtabula ..

Wayno ....

Baker .

Baker .

Marion

.

40 06
39 19
41 54
40 49

44 45
44 37
44 56

83 43
84 25
80 52
81 57

118 16

Tioga
Indiana . .

.

Laucaster
Centre

Chester

Philadelphia
Columbia
Clearfield . ..

Bucks
Dauphin
Dauphin
Lancaster ...

Adams

Philadelphia .

Lehigh
Philadelphia -

Philadelphia ..

Lycoming
Northampton

.

Washington ..

Montgomery..
Fayette
Venango

Providence

.

Providence

.

Beaufort

.

Beaufort

Harrison
Montgomery.

Washington .

Salt Lalie ...

Washington .

Rutland
Essex
Rutland
Orleans .

Chittenden .

Washington

40 31
40 05
40 55

39 57

39 57
41 05
41 00
40 13
40 16
40 20
40 08

39 49

39 57
40 40
40 05

74 43
76 45
77 53

75 36

75 10
76 15
78 40
74 48
76 15
76 50
76 30

77 15

75 10
75 26
75 00

41 19
40 43
40 16
40 00
40 00

77 05
75 21
80 10
75 11

79 36

41 49
41 50

32 14

32 20

80 40

80 46

36 28

37 00
40 45

114 00
111 26

43 45
44 28

73 00
71 41

44 40
44 27

44 22

72 29
73 10
72 09

Feet.

1, 015
800
816
872

3, 350

1,010

""780

583
1, 400

30

624

50
250
70

533
530
936
250

120

481

4,260

1,124

1,100
367

B. T.R.
B. T. R.
B. T.R.
T

T. R . . -

T
B.T. R.

T
T. R . .

.

T
T. R . .

.

B. T....

B. T....
A
B. T.R.
B. T. R.
A
A
A
B. T.R.

A
T
T. R . .

.

T
B.P. T.
T
B. T. R.
B. T. R.
T
T

A
B.T.R.

A

B.T. P.

T. P
A. ...

T.R.
A. ...

N. ...

T.R.
A. ..

T. ..

T.R
A. .-

T.R
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List of meteorological stations and observers, 8fc.—Continued.

107

Name of observer. Station. Coimty.

WASHINGTON.

Swan, James Q-

WISCONSIN.

Breed, J. Everett
Curtis, W. W
Dec'.ner, Friedrick .. .

Eddy, Levens
Ellis, Edwin, M.D
Hicks, J.C
Lapham, Incr'se A., LL. D
Liups, Jacob
ilcad, H.C
Porter, Henry D
Sterling, Prof. John W.

.

Wait,M.C
Whiting, Wm. H
Winkler, Carl, M.D...-
Woods, William

Neooh Bay

.

Ftet.

40

Embarasa . .

.

Rocky Run..
Green Bay ..

Delavan
Odanah
Lebanon
Milwaukee ..

Manitowoc ..

Waupaca . ..

Beloit
Madison
Baraboo
Geneva
Milwaukee .

.

Weyauwega

.

Waupacca..
Columbia...
Brown
Walworth .

.

Ashland .. .

Waupaca...
Milwaukee
Manitowoc
Waupaca.

.

Rock
Dane
Sauk
Walworth .

Milwaukee
Waupaca..

44 51
43 26
44 29
42 39
46 33
44 24
43 03
44 07
44 20
42 30
43 05

88 37
89 20
88 00
88 37
91 00
88 42
87 59
87 45
89 11

R9 04
89 25

732
957
610

593
658

1,000
750

i,oa8

42 30
43 03
44 15

89 41
87 57
88 50

600
850

T

T.R ..

T. R...
T.R...
A
T.R...
T
A
B. T...
T
B. T.R
A
T
T
B. T.R
T

H

Deaths of observers.

Jolin H. Lunemann, S. J., St. Louis, Missouri, 1864.

David Buckland, Brandon, Vermont, July 19, 1864.

Colleges and other institutionsJrom lohich meteorological registers were received

during the year 186 4, included in the precediyig list.

Nova Scotia-

.

Canada
Connecticut .

.

Illinois

Iowa

Maryland
Massachusetts

Michigan
Missouri
New York

Ohio

Oregon
Pennsylvania.

Rhode Island.
Tennessee
Vermont
Wisconsin

Acadia College
Magnetic Observatory
Wesleyan University
Lombard University
University of Chicago
Cornell College
Griswold College
Iowa State University
Washington College
Amherst College
State Lunatic Hospital
Williams' College
State Agricultiu^al College
St. Louis University
Institution for Deaf and Dumb
Erasmus Hall Academy
St. Francis Xavier's College.

.

University of Rochester
Fanners' College

O tterbein University
Urbana University
Woodward High School
Willamette University
Central High School
Jefferson College
Brown University
Stewart College
University of Vermont
Beloit College
Wisconsin University

Wolfvillo.

Toronto.
Middletown.
Galesburg.
Chicago.
Mount Vernon.
Davenport.
Iowa City.

Chestertown.
Amberst.
Worcester.
Williamstown.
Lansing.
St. Louis.
New York.
Flatbush.
New York.
Rochester.
College Hill.

Westerville.

Urbana
Cincinnati.

Salem.
Philadelphia.

Cannonsburg.
Providence.
Clarksville.

Burlington.
Beloit.

Madison.
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METEOROLOGICAL MATERIAL CONTRIBUTED IN ADDITION TO THE REGULAR
OBSERVATIONS.

Aargaidsche Naturforscliende Gcsellschaft.—Witterungs beobachtungen in

Aarau, (Switzerland,) 1864.

Bailey, F. J.—See Herschel.

Harrows, N., M. D.—Summary of observations at Sandwich, MasBacbusetts,

for the year 1864.

Barrou-s, Storrs.—Summary of observations at Soutb Trenton, New York,

for the year 1864. Reported by Storrs Barrows, for tbe Trenton Union Agri-

cultural Society.

Bartlett, Erastus B.—Summary of observations at Palermo, New York, for

tbe year 1864, and a comparison witb tbe preceding eleven years.

Chase, Pliny Earle.—On tbe Principal Causes of Barometric Fluctuations.

By Pliny Earle Chase, M. A., S. P. A. S. (From the Proceedings of the

American Philosophical Society.) 8 vo., 8 pp.
Barometric Indications of a Resisting ^Ether. By Pliny Earle Chase. From

tbe American Journal of Science and Arts, for September, 1864. 8 vo., 8 pp.
Connolly, H.—Observations taken at Fort Nascopic, Esquimaux bay, dis-

trict of Labrador, from November 1, 1863, to June 30, 1864.

Cook, Eugene B.—Report of Eugene B. Cook, meteorologist of the New
York Skating Club, for tbe season 1863-64. Pamphlet, 30 pp.

Darrell, Judge John Harvey.—Extracts from the Meteorological Report of

Observations taken at the Centre Signal Station of Bermuda, in 1860, 1861,

1862, 1863, 1864. Copied from the Royal Gazette.

Extracts from Register kept at the Royal Engineer Meteorological Observa-

tory at St. George's, Bermuda, in 1860, 1861, 1862.

Extracts from tbe Register of the quantity of rain fallen at Ireland island,

Bermuda, in 1860, 1861, 1862, 1863.

[The above were furnished to supply deficiencies in the Smithsonian Record.]

Chart of Bermuda, showing tbe position of the meteorological stations.

Dreutzer, O. E.—Sec State Department.

Giren, William, United States Vice Consul.—Summary of barometrical and
theomometrical observations, and amount of rain, at Fort de France, Martinique,

during each month from July, 1863, to June, 1864, inclusive.

Goddard, C. TF.— See State Department.
Herschel, Alexa?ider S.—On the detonating meteor of December 5, 1863.

By Alexander S. Herschel, esq. ; communicated by F. J. Bailey, esq. Read
before the Liverpool Literary and Philosophic Society, Sth February, 1864.

8 vo., 8 pp.
Hyde, G. A.—Summary of observations for the year 1864, at Cleveland,

Ohio, and a comparison witb the preceding eight years.

Ingalsbe, Grenrille M.—Observations at South Hartford, Washington county,

New York, for the years 1860, 1861, 1862, witb summary of maxima, min-
ima, and means.

lies, William.—Monthly and annual summary of observations, kept for the

Young Men's Association at Buffalo, New York, during the year 1864.

Kingston, G. T., M. A.—Mean meteorological results at Toronto, Canada,
for the year 1864, compared with tbe averages of a series of years, by G. T.
Kingston, M. A., director of the Pi-ovincial Magnetic Observatory.

Lapham, I. A., LL. D.—A table showing the monthly mean temperature
of tbe open air in tbe shade, at Milwaukee, Wisconsin, from 1837 to 1864, as

observed by C. J. Lynde, esq., E. S. Marsh, M. D., Charles Winkler, M. D.,

and I. A. Lapham, LL. D. Compiled by Dr. Lapham with great care from
manuscripts in his possession
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Map of Wisconsin, with lines showing the remarkable effect of Lake Michi-
gan, in elevating the mean temperature of January and depressing that of July.
By I. A. Lapham, LL. D., Milwaukee, Wisconsin.

Lewis, James, 31. D.—Hourly record of temperature at Mohawk, New York,
during the year 1864, kept by his metallic self-recording thermometer; also

specimens of a register kept by his self-recording barometer.

Logan, Thomas M., M. D.—Contributions to the physics, hygiene, and
thennology of the Sacramento river, California. By Thomas M. Logan, M.
D. (From the Pacific Medical and Surgical Journal.) 8vo., 8 pp.

Abstract of observations during the year 1864, at Sacramento, California.

Lynde, C. J.—See Lapham.
Marsh, E. S.—See Lapham.
Marsh, Roswell.—Summary of observations at Steubenville, Ohio, from

1831 to 1863, giving the means for each month in every year, the means for

the seasons of each year, and the annual means for the whole series.

Morris, Prof. Oran W.—Diagram of temperature atid barometer for every
day in the year 1863; also, diagram of the monthly quantity of rain in 18G0,
1861, 1862, and 1863, at New York.

Murdoch, G.—Hints on meteorology, with summaries of observations made
at St. John, New Brunswick, between the years 1850 and 1862, the latter

included. By Gr. Murdoch, superintendent of water works, St. John. 8vo.

34 pp.
Nafurwissenschqftl/che Geselhrliaft " Js/.y."—Zustamcnstellung der Monats-

und Jahresmittcl aus den zu Meissen, (Saxony,) 1864, angestellten taglich

dreimaligan meteorologischen beobachtungen.

Newton, H. A.—The original accounts of the displays in former times of the

November star-shower; together with a determination of the length of its

cycle, its annual period, and the probable orbit of the group of bodies around
the sun. By H. A. Newton. From the American Journal of Science, May
and July, 1864. 8vo., 24 pp.

Abstract of a memoir on shooting-stars, read before the National xVcademy
of Sciences, August 6, 1864. From the American Journal of Science for

March, 1865. 8vo., 16 pp.
Paine, H. M., M. D.—Summary of observations for the year 1864, at

Clinton, New York.

Phelps, IV. E.—See State Department.
Sanger, Henri/, (United States consul at Paramaribo.)—Daily means of

meteorological elements, at the Georgetown observatory, British Guiana, South
America, for December, 1863

;
published in the Royal Gazette.

State Department, Washington.—Meteorological observations, at Constanti-

nople, from October, 1862, to September, 1863. By C. W. Goddard, consul

general at Constantinople.

Daily telegraphic reports of the weather in various places in Europe, com-
municated to the Central Physical Observatory, St. Petersburg, Russia, for the

year ending September 30, 1864. Translated and compiled from the daily

issues of the St. Petersburg Vedomost, by William Edwin Phelps, United
States consul, St. Petersburg.

Meteorological review for the year 1864, from observations at the Liprocy
hospital of Lungeguard, at the city of Bergen, Norway, reduced by O. E.
Drcutzer, United States consul, Bergen.

Socicte Meteorologique de France.—Annuaire de la Societe Meteorologique

de France, 1864.

Switzerland, Consul General of, at Washington.—Observations at various

points in Switzerland, in December, 1863, and January, February, March, and
April, 1864. Each month about 50 pages quarto.
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Trask, Dr. John B.—A register of tlic eartliquakes iu California from 1800
to 1863. Pamphlet, 8 vo., 26 pp.

TrcnMcii, J. B., M. D.—Synopsis of observations for the year 1864, at

Tohido, Ohio, and a comparison with the preceding four yeare.

Ti/Jer, A. Wellington.—Observations from July 26 to October 13, 1864,

taken on board the schooner Nelly Baker, on a pleasure voyage from J3oston

to the coast of Labrador.

Wadsworth, George.—Mean temperature at Hiram, Maine, from 1831 to

1864, inclusive ; also, the amount of snow that fell during the same period.

The record kept by General Peleg Wadsworth ; reductions made by George
AVadsworth, civil engineer.

Whitehead, W. A.—Summary of observations at Newark, New Jersey, for

the year 1864, and a comparison with the previous twenty years.

Williams, Prof. M. G.—Summary of observations at Urbana, Ohio, for the

year 1864, containing the means and extremes of barometer and thermometer,
for each month and for the year, together with the monthly amount of rain

and cloudiness, and force and direction of the wind.

Winnepinsiogee Lake Cotton and Woollen Manvfacturing Company.—Depth
of rain and melted snow collected in the rain-gauge kept by the company at

the outlet of Lake Winnepissiogee, in the town of Laconia, New Ilampshire

;

also, depth of rain and melted snow collected in the gauge at Lake Village,

New Hampshire, about four miles south, on the same stream of water, for the

year 1864.

Zeigler, C.—Summary of observations for the year 1864, at Du Quoin, Perry
county, Illinois.

Unknoimi.—Results from meteorological observations made at the Royal Ob-
servatory, Cape of Good Hope, from January 1, 1842, to January 1, 1863,

and a notice of the observations made by La Caille in l751-'52. 16 pp. folio.



REPORT OF THE EXECUTIVE COMMITTEE.

The Executive Committee respectfully submit to the Board of Regents the

following report of the receipts and expenditures of the Smithsonian Institution

during the year 1864 :

RECEIPTS.

The whole amount of Smithson's bequest deposited in the treasury

of the United States is $515,169, from which an annual income
of 6 per cent, is derived of $30, 910 14

The extra fund of unexpended income is invested as follows, viz :

$75,000 in Indiana 5 per cent, bonds, yielding in 1864 3, 750 00
$53,500 in Virginia 6 per cent, bonds, yielding in 1864
$12,000 in Tennessee 6 per cent, bonds, yielding in 1864

$500 in Georgia 6 per cent, bonds, yielding in 1864
$100 in Washington 6 per cent, bonds, yielding in 1864 6 00

34,666 14
Balance in hands of treasurer, January, 1864, and interest due

from government 32, 353 90

67,020 04

EXPENDITURES.

For building, furniture, and fixtures $2, 620 77
For general expenses 14, 071 50
For publications, researches, and lectures 11, 907 48
For library, museum, and gallery of art 8, 936 21

37,535 96

Balance in treasury and due from government January, 1865 $29, 484 08

STATEMENT IN DETAIL OF THE EXPENDITURES OF 1864.

BUILDING.

Building, incidentals $1,066 32
Furniture and fixtures in general 804 45
Furniture and fixtures for museum 750 00

GENERAL EXPENSES.

Meetings of the Board 131 50
Lighting and heating 1, 816 36
Postage 408 38
Transportation, general 868 09
Exchanges 2, 753 76
Stationery 502 77

General printing 157 76

>, 620 77
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Apparatus 102 74
Laboratory -. 160 78
Incidentals, general 631 36
Extra clerk-hire 599 00
Salaries, Secretary 3, 500 00
Salaries, chief clerk, bookkeeper, messenger, and

laborers 2, 439 00
14,071 50

PUBLICATIONS, ETC.

Smithsonian Contributions 2, 224 57
Smithsonian Reports 547 00
Smithsonian Miscellaneous Collections 6, 449 06

Other publications 210 00
Meteorology 1, 339 15

Researches 125 00
Lectures 1,012 70

11,907 48

LIBRARY AND MUSEUM.

Cost of books and binding I, 953 67
Assistants in library 1, 291 66
Transportation for library 200 00

Museum, salary of Assistant Secretary 2, 000 00
Museum, assistants 1,096 56

Museum, transportation 400 00
Museum, incidentals 1, OSO 31

Explorations 797 76

Gallery of art 1 16 25

8, 936 21

Total expenditure $37, 535 96

From the foregoing it will be seen that the whole income during the year
1864 was $34,666 14, and that the expenditures during the same period were

$37,535 96, exhibiting for the Jirst time, in the account of the current opera-

tions, an excess of the latter over the former of $2,869 82.

According to the statement of the Secretary, the cause of this excess of the

expenditure was the constant increase in prices of all the articles used in the

operations of the Institution, particularly in printing and paper, and the pur-

chase of gold to defray the expense of the foreign agencies.

To meet contingencies of this kind, however, as well as to carry on all the

operations for cash, there had been accumulated in the hands of the treasurer at

the beginning of the year the sum of $32,353 90. The unexpended balance,

therefore, now in the hands of the treasurer is $29,484 08.

The appropriation by Congress for the preservation of the collections of the

exploring and surveying expeditions of the United States has been expended

as heretofore, under the direction of the Secretary of the Interior, in assisting to

pay the expenses of extra assistants in the museum, and the cost of arranging

and preserving the specimens. The articles intrusted to the care of the Insti-

tution by government are in good condition, and the distribution of the duplicate

specimens belonging to government, as well as those of the Institution, has been

industriously prosecuted during the year.

From the examination made by the committee it appears that the affairs of

the Institution are in a prosperous condition; that all the operations have been
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continued with unabated energy ; that notwithstanding the depreciation of the
value of the income, the expenditures have but little exceeded the current re-

ceipts, and that provision had been made even for this contingency by the pre-

vious accumulations in the hands of the treasm-er.

The Executive Committee are informed by the Secretary that the remainder
of the legacy of Smithson, amounting to about $:i6,000, has been received in

toin, and deposited with the Treasurer of the United States.

In conclusion, it may be stated that the whole amount of the Smithsonian
fund, including the original legacy and the additions which have since been
made to it, together with the balance in the hands of the treasurer, and the State
stocks estimated at their present market value, amounts to about $090,000.
The committee agree with the Secretary in opinion that, as far as possible, the

active operations of the Institution should be continued, and the curtailments

rendered necessary by the depreciation of the currency be made in expenditures
for those objects which can most readily be postponed. For the year 1865 the
same estimates are submitted as those for 1864, with such diminution as the
Secretary may deem it advisable to make.
The committee have carefully examined the accounts of the Institution and

the books as posted by Mr. Randolph for the past year, and find them to be
correct.

Eespectfully submitted.

RICHARD WALLACH, Cliainnan.
February, 1S65.

8s
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THE BOARD OF REGENTS.

Washington, January 9, 1885.

A special meeting of tlie Board of Regents was held this day at 1\ o'clock

p. m. in the hall of the Institution. Present : Hon. H. Hamlin, Hon. S. P.

Chase, Hon. L. Trumbull, Hon. G. Davis, Hon. S. S. Cox, Hon. J. W. Patter-

son, Professor L. Agassiz, and the Secretary, Professor Henry.

Mr. Hamlin was called to the chair.

The Secretary stated that this meeting had been called in accordance with

a provision of the law of Congress authorizing a meeting at any time, at the

request of three members of the Board. That the objects of this meeting were

—

First. To announce officially the death of Chief Justice Taney and General

Totten, both members of the Board from the beginning of the Institution, and

who had ever evinced a lively interest in its prosperity, and had foithfully dis-

charged their duties as guardians of the trust.

Second. To elect a Chancellor or President of the Board in place of Chief

Justice Taney.

Third. To consider the disposition to be made of the remainder of the legacy

of Smithson, which was now deposited with Messrs. Peabody & Co., of London^

subject to the order of the Institution ; and,

Fourth. To consider the report of the committee appointed at the last session

of the Board, relative to the suggestions of Professor Agassiz as to the separate

maintenance of the museum, &c.

On motion of Mr. Cox, it was resolved that the proper expression of sympathy

be tendered to the families of the Regents whose deaths have been announced,

and that provision be made for the preparation of an account of their lives and

labors for the annual report to Congress.

On motion of Mr. Cox, Chief Justice Salmon P. Chase was unanimously

elected Chancellor of the Institution.

On motion of Mr. Chase, the Secretary was instructed to diaw the money now

in England, and to deposit it with the Treasurer of the United States.

Professor Agassiz, as chairman of the special committee, appointed at the

meeting held March 15, 1864, to report suggestions for extending the active

operations of the Institution, and for the separate maintenance of the collections,

at the expense of the government, submitted a report.*

* This report was lost in the fire, and the absence of Professor Agassiz from the country

has rendered it impossible to obtain another copy in time for insertion in this journal.
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The opinion was espressecT by several members of tlie Board that the views

of Professor Agassiz were highly important, and believed to be such as were

entertained generally by the scientific men of the country, but in consideration

of the financial condition of the government, the present time was not favorable

for action in regard to them.

On motion of Mr. Trumbull, the consideration of the subject was postponed

to the annual session to be held in January, 1866.

The Secretary stated that the question had arisen at a previous meeting of

the Board as to whether the interest on the Smithsonian fund, permanently in

the treasury of the United States, ought not to be paid in coin, in common with

the interest on other trust funds in charge of the government ; that he had

addressed a letter to the Secretary of the Treasury on this subject, but on

account of the large demands on the government for the prosecution of the war,

he had not pressed a decision of the question.

On motion of Mr. Chase, it was

Resolved, That the Secretary be instructed to renew the application to the

Treasury Department, iu behalf of the Board, for the payment of the interest

in coin.

The meeting then adjourned.

Washington-, January 19, 1865.

In accordance with a resolution of the Board of Regents of the Smithsonian

Institution, fixing the time of beginning of their annual session on the third

Wednesday of January in each year, a meeting was called for this day.

No quorum being present, and the Secretary having stated that the book-

keeper had not yet been able to make up the annual accounts, the Board

adjourned, to meet at the call of the Secretary,

Washijvgton, January 28, 1865.

A meeting of the Board of Eegents was held at 3 o'clock p. m. in the east

wing of the Smithsonian building. Present : Hon. S. P. Chase, Hon. H. Ham-
lin, Hon. L. Trumbull, Hon. J. W. Patterson, Hon. K. Wallach, Mr. Seaton,

treasurer, and Professor Henry, Secretary.

The Chancellor, Chief Justice Chase, took the chair.

The Secretary stated that the principal object of this meeting v/as to officially

inform the Regents that, on the afternoon of Tuesday, January 24, a fire broke

out in the roof of the main building of the Smithsonian Institution, which de-

stroyed the principal part of the contents of the rooms in the upper story of the

building and the adjoining towers. The loss, however, did not include the largo

library, the museum, with the government collections and those of the Institu-

tion, the duplicate specimens intended for distribution, and the meteorological

records. The accident would not, therefore, materially affect the essential opera-

tions of the Institution, Avhicli vould be continued as usual.
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The Secretary stated that, immediately after the occurreuce of the accident,

he had applied to the Secretary of War, Mr. Stanton, for aid iu constructing a

temporary roof to protect the buildiug and its contents from the weather. The

Secretary of War expressed his willingness to grant this, provided the Presi-

dent gave his sanction, and the expense should be refunded to the department.

The latter was promised on the part of the Institution by the Secretary, after

consultation with the Chancellor. The President readily gave his consent to

the proposition, and General Rucker, of the Quartermaster's Department,

furnished the materials, and detailed a large force of carpenters and laborers,

under the direction of Mr. E. Clark, to erect a temporary roof, which would be

sufficient to protect the building from storms, and would not interfere with the

construction of a permanent covering.

At the suggestion of the Chancellor, it was

Ptesolved, That the measures which had been taken by the Secretary be

approved.

Mr. Patterson informed the Board that the House of Representatives had

adopted, on the motion of Hon. Mr. Rice, a resolution directing the Committee

on Public Buildings and Grounds to inquire into the origin of the fire, the ap-

proximate loss to the government and private persons, the means necessary to

preserve the remaining portions, &c.

The Chancellor remarked that it would be proper that a joint committee

ifhould be appointed, to be composed of members of the Senate, of the House of

Representatives, and of this Board, to take the whole subject into consideration.

In anticipation of this, however, it was thought advisable that a special com-

mittee should be appointed to report directly to the Board; and, on motion of

Mr. Wallach, it was

Resolved, That a committee be appointed to inquire into the origin of the fire,

to ascertain the extent and character of the loss sustained, and to make sugges-
tions as to what, measures should be adopted for the repair and improvement of
the building.

The Chancellor appointed the mover of the resolution Mr. Wallach, and the

Secretary, as the committee.

The Board having examined the building, adjourned, to meet on Thursday

evening at 7J o'clock p. m.

Washington, February 2, 1865.

A meeting of the Board of Regents of the Smithsonian Institution was held

at 8 o'clock p. m. at the residence of one of the Regents, Hon. R. Wallach,

Mayor of Washington. Present : Hon. H. Hamlin, Hon. G. Davis, Hon. J.

W. Patterson, Hon. S. S. Cox, Hon. R. Wallach, and the Secretary, Professor

Henry, and, by invitation, Hon. J. H. Rice, chairman of the Committee on
Public Buildings of the House of Representatives.

Mr Hamlin was called to the chair.
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The minutes of the meetings held on the 9tli, IDbh, and 28th of January

were read and approved.

Mr. Wallach presented the report of the Executive Committee for the year 186 i,

which was read and adopted.

The Secretary stated that, in accordance with the instructions of the Board'

he had renewed the inquiry to the Secretary of the Treasury whether the interest

of the Smithsonian fund ought not to be paid in coin or its equivalent, but had

not yet received a reply, it having been referred to the Solicitor of the Treasury

for a legal opinion.

On motion of Mr. Davis, it Avas

Resolved, That if the Secretary of the Institution should ascertain that the

legal opinion of the Solicitor would be adverse to the application, that he should

request the Secretary of the Treasury to submit the question to Congress for

its action.

Professor Henry presented the question as to the disposition of the residuary

legacy of Smithson which had been received from Engl md, and was now on«

deposit with the Treasurer of the United States.

On motion of Mr, Patterson, it was

Resolved, That the Secretary be instructed to invest the money now on de-

posit with the Treasurer of the United States, derived from the residuary legacy

of James Smithson, in United States bonds bearing 7^^ per cent, interest.

Mr. Wallach presented the following report from the special committee ap-

pointed at the last meeting to inquire into the origin of the fire, &c., which was

read and adopted

:

REPORT OF THE SPECIAL COMMITTEE OF THE BOARD OF REGENTS OF
THE SMITHSONIAN INSTITUTION RELATIVE TO THE FIRE.

The special committee appointed by the Board at its meeting on January 28,

1865, to inquire into the origin of the fire at the Smithsonian Institution, to

ascertain the extent and character of the loss sustained, and to make su":":es-

tions as to what measures should be adopted for the repair and improvement
of the building, resjjectfully report that they have performed the duty assigned

them, so far as the time and their means of information would permit.

I. THE ORIGIX OF THE FIUE.

The testimony has been taken of all persons connected with the establish-

ment that had any knovfledge of the occurrence, and a written account of the

Avhole is herewith submitted ; also a report from Colonel B. S. Alexander, United
States army, who superintended the fire-prooting of the main building, of his

examination of the flues connected with tlic accident.

It is evident, from the concurrent testimony thus obtained, that the fire com-
menced in the southwest part of the roof of the main building in the wood-
work immediately under the slate covering, and that it was kindled by the

heated air or sparks from a sjiove which had been temporarily placed in the

room immediately below. The pipe of this stove had been inserted, by mistake,

into a brick furriug-spac3 resembling a flue, which opened under the rafters in-

stead of into the chimney flue, within a few inches of the latter. By whom
the hole into which the pipe was inserted was originally made is not known,
but it is remembered that a stove-pipe was put into it as far back as 1854, at the

time of the exhibition held by the Mechanics' Institute in the building. No
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fire, however, had been in this room for ten years previous to Monday, 15th

January, when the mechanist and carpenter of the Institution were engaged,

v/ith several other of the employes, in rearranging the pictures of the gallery,

the weather at the time being unusually cold. These persons, for temporary

convenience, set up the stove above mentioned, intending to remove it as soon

as their task was finished. A coal fire, kindled with wood, had been burning

in this stove for eight days previous to the conflagration, yet it appears from the

testimony that no evidence of combustion was observed by a person v/ho passed

through the loft six hours before the breaking out of the flames. It is probable,

however, that the wood had been undergoing a process of charring for several

days.

On account of the very expensive style of architecture selected for the build-

ing, and the limited means at the command of the Board, the ptan had been at

first adopted of finishing the interior of the whole edifice with wood and plaster.

A large portion, however, of the interior woodwork of the main building, after

the roof and exterior had been finished, gave way and fell; whereupon the Re-

gents ordered the removal of the woodv/ork and its place to be supplied v/ith

incombustible materials. Thus the main building was rendered fire-proof, with

the exception of the supports of the roof, which being covered v/ith slate was

assumed to be safe. The only danger of the occurrence of fire was supposed

to exist in the two wings and the towers, and to guard against this contingency

especial precautions vrere constantly observed, viz : 1. No smoking was al-

lowed in any part of the building at any time. 2. No lights were allowed to

be carried from one part of the building to another except in lanterns. 3.

Three coils of large hose were deposited, ready for use, one in the upper story

and the other two on the first floor of the building ; and there were v/ater-pipes

in the basement with faucets. 4. Barrels and buckets, kept constantly tilled

with water, were placed at different points of the building. 5. The rule was,

observed of cleaning the flues every autumn before the commencement of fires.

G. A watchman was employed each night, who made every hour the rounds of

all the rooms in the building, giving special attention to those in which fire had

been kindled during the day, including the apartments occupied by the family

of the Secretary.

These precautions, however, as it has proved, v/ere insufficient—the fire hav-

ing occurred at a point where no danger was apprehended, and to which access

could with difficulty be obtained.

II.—THE CHARACTER AND EXTENT OF THE LOSS SUSTAINED.

The loss to the Institution was as follows:

1. The contents of the Secretary's office, consisting of the official, scientific, and
miscellaneous correspondence, embracing 35,000 pages of copied letters which
had been sent, at least 30,000 of which were the composition of the Secretary,

and 50,000 pages of letters received by the Institution. Here, moreover, were
lost the receipts for publications and specimens ; reports on various subjects

which have been referred to the Institution ; the records of experiments

instituted by the Secretary for the government; four manusci'ipts of original

investigations, which had been adopted by the Institution for publication

;

the manuscript material of the report of the Secretary for 1S64 ; a large number
of papers and scientific notes of the Secretary; a series of diaries and memo-
randum books, and a duplicate set of account books, prepared during the last

twelve years, with great labor, by Mr. Rhees, the chief clerk ; also, about one
hundred volumes of valuable works kept at hand for constant reference.

2. In the apparatus room, the large collection of scientific instruments, in-

cluding the donation of the late Dr. Hare.
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3. A pai't of the contents of the Regents' room, induding the personal effects

of Smithson, with the exception of his portrait and library.

4. The contents of the rooms in the towers, including the meteorological

instruments, the workshop, containing a hxthe and a large number of valuable

tools, nearly all the stock on hand of the duplicate copies of the annual reports,

and many other public documents and books intended for distribution to libra-

ries, as well as a quantity of stationery, hardware, &:c.

5. The wood-cuts of the illustrations contained in the Smithsonian publi-

cations.

The loss to other parties was as follows :

1st. The contents of what was called the Picture Gallery, viz : a. About two
hundred portraits, nearly all of life size, painted and principally owned by Mr.

J. M. Stanley, formerly of this city, and now of Detroit, Michigan, and which
were on deposit in the institution, b. A number of half-size Indian portraits,

painted by Mr. King for the government, c A copy, in Carrera marble, of the

antique statue known as the " Dying Gladiator," by John Gott, and owned by
Mr. J. C. McGuire, of this city.

2. A number of surveying instruments belonging to the government.

3. The clothing, books, and private effects of several of the parsons connected
with the Institution, and of those engaged in scientific studies.

4. The library removed from Beaufort, South Carolina, by the army, and
also that of Bishop Johns, from Fairf\ix Theological Seminary, givea in charge

to the Institution by the Secretary of War for safe-keeping, which libraries were
stored in an upper room in the south tower.

Independent of injury to the building, the "loss to the Institution, as far as it

may be estimated and can be restored by money, may be stated at about 820,000,

and to individuals $26,000, viz : To Mr. J. M. Stanley, $20,000 ; Mr. J. C.
McGuire, 81,000 ; Professor Joseph Henry, 81,500 ; Mr. W. J. Rhees, $1,200

;

Mr. W. DeBeust, 81,300 : and all others, 81,000.

Although the loss which the Institution and individuals have sustained is

much to be regretted, yet it is a source of consolation that by far the greater

part of the valuable contents of the building have escaped without injury. The
valuable library of the Institution, the most extensive, in regard to the transac-

tions of learned societies and scientific books, in this country ; the museum, in-

cluding the collection of the exploring expedition and those of the Institution

;

the large stock of many thousand duplicate specimens for distribution to all

parts of the world; the records of the museum; a large portion of the corre-

spondence relative to natural history ; nearly all the records of meteorological

observations which have been accumulated during the last fifteen years ; the

sets of Smithsonian publications (except the annual reports) which have been
reserved to supply new institutions, and the stereotype plates of all the works
which have been published during the last four or five years, have been saved.

All the original vouchers of the payments made by the Institution, the ledger

in which they were posted, and the daybook from 1858, were also preserved,

having been deposited in a safe in the Regents' room. The contents of the con-

necting range between the library and the museum are uninjured ; this includes

a series of plaster casts and portraits of distinguished men, among the latter a

life-size portrait of Guizot, by Healy ; an original full-length figure of Wash-
ington, by the elder Peale; and also a valuable series of rare engravings illus-

trative of the history of the art, purchased from th'? Hon. George P. Marsh.
All tlie important acts of the Regents from the beginning, and an account of

the operations of the Institution, having been published from year to year in the

several reports to Congress, a continued record of the history of the establish-

ment from the beginning is, therefore, still in existence. As these reports have
been widely distributed, they are generally accessible to the public.

The burning of the roof of the building can scarcely in itself be considered
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a calamit3% since it probably Avould have occurred at some future time when a

much hirger accumulation of vakiable articles might have been destroyed, and

since the arrangement of the building can now be improved, and the repairs

made with fire-proof materials. The fire-proofing, as far as it was carried, was

well done, and it is to this circumstance that the preservation of the most valu-

able objects of the establishment is due.

in. SUGGESTIONS AS TO WHAT SHOULD BE DOXE.
I

There can be no hesitation in adopting the conclusion that steps should be

immediately taken not only to repair the injury, but to improve the condition of

the building.

1. The main edifice should be provided with a metallic roof.

2. For the wooden conical terminations of the tOAvers should be substituted

metallic coverings.

3. All valuable articles belonging to the Institution or deposited in it, including

the library, should be placed in the main building, which should be cut off from

the wings by iron doors.

4. Provision should be made for a thorough heating of the whole building by
steam or hot water.

5. Suggestions should be requested from competent architects and engineers

as to the work to be done, and those which are adopted should be embodied in

Avorking plans and drawings.

6. A building committee of the Board should be appointed to have charge of

the work.

No very exact estimate can as y'et be made as to the cost of the repairs, &c.,

for it has not been possible, without erecting a scaffolding, to determine Avhether

it will be necessary to take down the high northern tower. Colonel Alexander,

of the engineer corps, hoAvever, has informed the committee that he thinks

$100,000 Avill be required to make the necessary repairs and improvements.

The committee cannot conclude Avithout adding that, in their opinion, the

occurrence of the fire ought not to be allowed to interfere with the active ope-

rations of the Institution, on which essentially depends the reputation it has

established throughout the Avorld, and its efiiciency as an instrument for " the

increase and diffusion of kuoAvledge among men." To the support and exten-

sion of these operations, therefore, the annual interest from the original fund
should, as far as possible, continue as heretofore to be conscientiously applied.

Respectfully submitted

:

RICHARD WALLAC H,
JOSEPH HENRY,

Special Committee.
Washington, February, 1865.

The question was then discussed as to the measures to be taken for procuring

the means for the repair and improvement of the building ; and the Regents

present connected Avith Congress, as Avell as Hon. Mr. Rice, expressed the

opinion that it was probable an appropriation Avould be made by Congress for

the purpose, Avithout opposition.

On motion of Mr. Cox, it was .

Resolved, That the Secretary prepare a statement of the amount necessary to

reconstruct the building; the legislation necessary to place the residuary legacy
of Smithson, with the original amount, permanently in the treasury of the
United States ; and the action requisite to secure the payment of the interest on
the fund in coin, to be furnished to the joint committee of Congress which has
been appointed Avith reference to the Smithsonian Institution.
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Ou motion of Mr. Wallach, the following resolutions were adopted:

Resolved, That the thanks of the Board of Regents are hereby tendered to

all who assisted in any way in endeavoring to save the property of the Smith-

sonian Institution, or to extinguish the fire which lately destroyed a part of its

building.

Resolved, That the thanks of the Board of Regents are hereby tendered to

Hon. E. M. Stanton, Secretary of War, General W. S. Hancock, General 0. C.

Augur, General A. B. Dyer, General Rucker, Colonel B. S. Alexander, Colonel

Giles, and others connected with the military department of government, for

services rendered in saving the property, or in facilities granted for its protection.

Resolved., That the thanks of the 13oard are hereby tendered to the military

and civil fire departments, and to Mr. E. S. Smith, superintendent of Ilarnden
Express Company, A. C. Richards, Chief of Police, Messrs. J. R. Elvans, J.

Farrel, M. Tiffany, G. Gibbs, and many others who rendered valuable services

at the time of the fire.

The Board then adjourned, to meet at the call of the Secretary.

Wednesday, March 1, 1865.

A meeting of the Board of Regents of the Smithsonian Institution was held

this day in the room of the Senate Committee on Public Buildings and Grounds,

at the United States Capitol, at 10 o'clock a. m. Present : Hon. L. Trumbull,

Hon. G. Davis, Hon. S. S. Cox, Hon. J. W. Patterson, Hon. R. Wallach, and

the Secretary, Professor Henry.

The minutes of the last meeting were read and approved.

In the absence of the Chancellor, Mr. Trumbull was called to the chair.

The Secretary announced the election of General Richard Delafield, United

States army, by joint resolution of the United States Senate and House of

Representatives, as a Regent for the term of six years, to fill the vacancy occa-

sioned by the death of General Totten.

The Secretary stated that intelligence had recently been received of the sud-

den death of the Hon. William L. Dayton, one of the Regents, while repre-

senting our government in France ; that, although Mr. Dayton had not been

able to be present at the meetings of the Board, he had rendered good services

to the Institution by attention to its interests abroad.

On motion of Mr. Cox, it was

Resolved, That the Hon. J. W. Patterson be requested to prepare a eulogy

on Mr. Dayton ; that Hon. Henry Winter Davis be requested to prepare a

eulogy on Chief Justice Taney; and Professor Henry one on General Totten,

to be presented at the next meeting of the Board.

The Secretary mentioned the death of Mr. John Varden, for many years the

curator of the government museum while it was in the Patent Office, and who,

since its removal to the Institution, had assisted in the care of the specimens.

He was a very worthy citizen, and faithfully discharged his duties in connexion

with this establishment.

The Secretary also stated that one of the employes, John Connor, who had

been connected with the Institution for upwards of fifteen years, died guddenly
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last glimmer, leaving a fomily of daughters iu a destitute condition ; that he had

given the wido\y permission to sell articles of refreshment, exclusive of intox-

icating liquors, to the visitors of the museum, and that he thought, in considera-

tion of the long and faithful service of the deceased, the expenses of his funeral

should be paid from the Smithsonian fund.

On motion of Mr. Wallach, it was

Resolved, That the Secretary be authorized to pay the funeral expenses of

John Connor.

On motion of Mr. Patterson, the vacancy in the Executive Committee was

filled by the election of General Delafield.

On motion of Mr. Trumbull, it was

Resolved, That the annual salary of the Secretary of the Institution be in-

creased one thousand dollars, that of the Assistant Secretary five hundred dol-

lars, and of the Chief Clerk three hundred and fifty dollars, and that the said

increase take effect from the 1st of January, 1865.

The Secretary stated what measures had been taken in regard to the preser-

vation of the Smithsonian building, and that Mr. A. Cluss, architect, had been

employed to prepare plans and estimates.

On motion of Mr. Cox, it was

Resolved, That the whole subject of the repairs and reconstruction of the

building, and the disposal of the stocks held by the Institution, be intrusted to

the Chancellor, Secretary, and the Executive Committee.

The Board then adjourned sine die.
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The object of this appendix is to illustrate the operations of the Institution

by reports of lectures and extracts from correspondence, as well as to furnish fl

information of a character suited especially to the meteorological observers and

other persons interested in the promotion of knowledge.



MEMOIll OF DELAMBKE.

BV JOSEPH FOURIER, PERPETUAL SfeCRETARY OF THE FRENCH ACADEMY OF SCIENCES-

TRANSLATED FOR THE SMITHSONIAN INSTITUTION BY C. A. ALEXANDER.

To have acquired, from bis early youth, a familiar knowledge of the great

works of antiquity, and of the languages and literature of modern times; to

have dedicated himself to the study of the heavens, and identified his name
with an enterprise of wide renown and eminent utility ; to have written with

ability the history of ancient science, as well as of the most recent discoveries

;

and with these proofs of mental superiority to have united the noblest qualities

of the heart—in these sentences may be summed up the entire life of the dis-

tinguished man whose character and labors I propose to retrace. Few Avill fail,

in the traits thus given, to recognize Uelambre, or to feel in the review a re-

newal of the regrets occasioned by his recent loss.

Delambre was born at Amiens, the 19th of September, 1749. The abbe
Delllle, a distinguished professor of letters in the college of that city, soon re-

cognized in his youthful pupil a union of the gentlest manners with surprising

powers of memory and an early familiarity with the ancient languages. In
developing these first germs of talent and taste, the abbo succeeded in inspiring

a passion for continued and unremitting application, the indispensable prerequi-

site of all permanent success. A friendship was thus cemented between these

two celebrated individuals which continued to the end, with equal disinterested-

ness and constancy on the part of both.

To continue in the capital a course of study thus auspiciously commenced
was beyond the means of Delambre's family, already burdened with a numerous
charge. Fortunately, however, a gratuitous scholarship had been founded at

some former period by one of the members of that family, in the University of

Paris, and being at the disposal of the city of Amiens, was now conferred on
the young Delambre. The benefaction thus reverted towards its source, nor
could a destination more just or worthy have been given it. The recipient,

already digtinguished in every path of literary study, was destined one day to

reflect on his country the lustre of imperishable labors. AVhile completing the

course of studies which bears the name of philosophy, he still recm-red, with
unwearied assiduity, to that ancient literature which had shaped the culture of

his earlier years, and which the pupil of the abbti Delille could scarcely fail

to prosecute with brilliant success.

The time allotted to the appointment he held had passed away, and liis

family, seemingly persuaded that talent ought to suffice for everything, left him
to provide for his own establishment. More than a year thus elapsed in vague
expectation, during which time the most extraordinary privations were endured,
not merely Avith constancy, but indifference. It would be difficult to believe,

had we not Delambre's own word for it, to what an extent this restriction of
his expenses was carried. Absorbed in literary and historical studies, he
scarcely regarded as desirable what others would have considered indispensable.

Silently laying the foundation of his future labors, he engaged at this time in

extensive translations from the Latin, Greek, Italian, and English, and com-
menced also the study of mathematics ; the whole not v/ith any view to profit,
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thouo-li he miglit easily have obtained it, hut with the sole purpose of prefect-

ino- his own knowledge.

'Liviu'^ thus apart and unnoticed, yet free and happy, he knew or indulged

no passion but that for study. His time, the only property he could call his

own, was secured to him; no importunate visitor appropriated his leisure; his

talents "-athered strength and expansion daily for the future service of astronomy

and Letters. Solitude may thus become an inspiration for genius; it exalts

the thouo-hts, dissipates the desire for sudden and vulgar notoriety, and prepares

the waylbr works worthy to be the admiration of after ages.

The extraordinary merit of Delambre, the habitual mildness of his character,

the determination with Avhich he applied himself to a revisal of his whole pre-

vious course of study, at length attracted attention. As he had been advised

to give some years to teaching, he repaired with this purpose to Compiegne, but

ri-mained there only a short time. The resources of the capital had become

indispensab e to his plan of study, and returning to Paris, he entered on the

same course of life as before; this time, indeed, with some additional advantages

which he could no longer decline with prudence, and which soon secured him a

settled and independent position. It was now that Delambre first felt himself

irresistibly impelled to a scientific career. Without neglecting literature and

history, he explored the theories of mathematics, and applied himself assiduously

to the study of astronomy and physics. A fidelity to his purpose formed at all

times a distinctive characteristic of his genius. No one ever threw into his

pursuits more of the spirit of sequence, or traversed with more constancy the

vast field of human attainments.

When he presented himself at the college of France to hear the lesso'ns of

Lalande, he had tJready studied the works of that astronomer, and had even

written commentaries upon them. Here he first attracted notice by reciting, on

an occasion which casually offered itself, an entire passage from the Greek poet

Aratus, which he illustrated by the criticisms of various annotators. Lalande

naturally felt curious to know in what manner his own treatise of astronomy

had been annotated by so accomplished a student, nor could he long remain

in doubt as to the value of this new acquisition to the interests of science. From
that time he regarded Delambre as a fellow-laborer ; dissuaded him from a use-

less attendance on the public lessons, and associating him with his own private

labors, confided to him the most difiicult astronomical calculations. He induced

Mon. Dassy, whose son had previously received lessons from Delambre, to

establish a private observatory at his hotel. Here, being provided with the

necessary instruments, Delambre entered on a course of the most extensive

observation and research ; digested a plan for reforming all the astronomical

tables, and may be said to have consecrated his life to the study and tlescription

of the heavens. This destination had presented itself to his mind at Compiegne,
and was originally suggested by a physician of that place—a man of learning,

w^io was the confidant of Delambre's studies, and had remarked his extraordi-

nary turn for earnest and continuous occupation. Lalande, who knew no di.5-

tinction between his own interests and those of the science he cultivated, sought
the acquaintance of the individual who had given this judicious advice, and
thanked him in terms to which no personal obligation could have imparted
greater warmth.*

It remains now to indicate the important researches to which Delambre ap-
plied himself, and which constituted his title to a place in the Academy of Sciences.
Herschel, about this time, had observed on the extreme confines of the planetary
Avorld an orb till then unknown—a brilliant discovery, which afibrded a new
proof of the truth of the modern theories of physics. This planet was found to

* Lalande, in allusion to his own part in directing the studies of Delambre, was accus-
tomed boastingly to style the latter his beat work.—Translator.



MEMOIR OF DELAilBKE. 127

be subjected to the raatbcmaticai laws of gravitation ; its coiirj^e and the places

which it had occupied in the heavens were suijceptible of demonstration. It

was thxis ascertained that it had been b.-fore observed by dififereut astrouomers,

who had not, however, distinguished it from the fixed stars. Delambre under-

took the preparation of tables respecting its movements, and published them
without delay, presenting with great exactness all the observations which had
been made up to that time. The Academy of Sciences had proposed this sub-

ject f(ir one of its annual prizes, and bestowed its suffrage on the work of De-
lambre. A striking attestation was herr-in afforded to the precision of the new
astronomical methods ; for though Herschel's planet had described but a tenth

part of its course since its discovery, its movements were determined with as

much exactness as those of other planets, our knowledge of which ascends to

periods of remote antiquity.

To Delambre we owe also those tables of the sun which were published at

the same time ; as likewise those of Jupiter and Saturn. He undertook further

to construct ecliptic tables of the satellites of Jupitei-, and completed this arduous
and immense labor in a few years.

The object of astronomical tables is to represent the actual state of the heavens
at a given moment. They proceed upon the general principle of the stability

of natural laws, and from the past enable us to attain a knowledge of the future.

These researches are guided by geometry, which was said by Plato to have its

abode in the heavens. They are controlled also by other mathematical theories

which the moderns have invented, and which have served to detect the causes
and the laws of celestial movements.
The most general phenomena, it was first perceived, were necessary conse-

quences of the mathematical laws of gravitation ; still later, more precise observa-

tions indicated irregularities in the course of certain heavenly bodies, which did
not appear to result from the general laws. It was asked if the resistance of
an etherial medium might not affect the planetary movements ; if gravitation

was as simple in its action as had been supposed ; if the transmission of its force

was instantaneous or progressive, like that of light. These doubts no Ion o'er

exist, and it was in the bosom of this Academy that they were resolved. The
inequalities which seemed inexplicable are necessary results of a mutual action

between the celestial bodies ; they are no exceptions to the mathematical laws
of gravity, which, on the contrary, they serve to confirm. The planetary world
oscillates between limits which it cannot transcend ; it contains within itself

principles of stability and duration which suffice to govern and preserve it. It

was the imperfection of knowledge alone which led astronomers to have recourse

to occasional compensatory causes. The more the universe has been studied,

the more admirable have appeared the unity and simplicity of its laws. Never
hav(; the sciences attained perfection without evincing the immutable order which
an infinite wisdom has impressed on all its works.

All these momentuous ques lions respecting the system of the world were under
discussion vv-hen Delambie gave himself with characteristic ardor to the study
of astronomy. He assisted at the sitting of the Academy when Laplace com-
municated his important discoveries on the respective inequalities of Jupiter and
Saturn, and at once conceived the design of applying the results of that profound
analysis to perfect the tables of those two planets.

To collect and discuss all the observations which have been taken, so as to

render them comparable with one another and with the results of scientific

theory; to distinguish, by this means, the elements proper to be employed, and
to assign to those eh-ments the value due to them in reconciling the theorems of
analysis with the observed facts ; such is, in general, the succession of steps to

be followed in the construction of astronomical tables.

Delambre applied himself especially to those of the satellites of Jupiter—au
undertaking so arduous, and of such vast extent, that nothing l.^ss than the two
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powerful mDlives of public utility and the grandeur of the subject could have

sustained him in its prosecution. The satellites which accompany Jupiter, and

which disappear when they enter into his shadow, were the first celestial bodies

revealed to us by the telescope. Their eclipses, so entirely analogous to those

of the moon, recur much more frequently than the latter ; for a single one of

these bodies is obscured four times in the space of seven days. Galileo, who

first contemplated these singular phenomena, quickly inferred that observations

of this kind might be rendered eminently subservient to the promotion of geo-

graphical science. In fact, it required but a knowledge of the courses of these

satellites, and their reduction into tables of sufficient exactness, to rectify a

multitude of enormous errors in the determination of longitude, especially iu

regard to the eastern portions of the Old Continent. It is true, indeed, that

many causes concur to limit the use and precision of this method, but it cannot

the less be looked upon as an invaluable source of discovery, and in its conse-

quences as one of the most fortunate of modern inventions ; for even at this day

the navigator derives the easiest means of ascertaining the proximity of land

and the relative position of the places he is approaching from a group of celes-

tial objects, whose minute size seemed to withdraw them forever from human
observation. Nor is this the only consideration by which this world of Jupiter

is recommended to our admiration, and invested with an interest not inferior to

that of any other portion of the heavens. To an attentive observation of the

eclipses of his satellites we owe our knowledge of the fiict that the action of light

is not instantaneous; and from the same source has been derived the precise

measure of the time which is required for its propagation from the sun to our

globe—a capital discovery, made by Reaumer at the observatory of Paris, and
which a subsequent theory has fully confirmed.

The system composed of Jupiter and his four satellites is a world apart, whose
rapid revolutions mirror to us those which are taking place in the general system

of the sun and planets. Hence, the study of the inequalities of those satellites

may bs said to economize astronomic time, as they present to our view a class

of phenomena which will require an immense series of ages for their development

in the planetary system.

The three first satellites of Jupiter are subjected, by their mutual action and

that of the planet, to two very remarkable laws, not less simple or constant than

those of Kepler. There is a reciprocal dependence between their movements
and their positions, so that the place of two of them being known, that of the

third is thereby determined ; and as one consequence of this state of things, they

can never be all three eclipsed at the same time. Laplace had discovered thes>^

laws, and had demonstrated that they are necessary results from the mutual

action of the satellites, and that the same cause tends to perpetuate their opera-

tion. All observation affording subsistent proof of the truth of these laws.

Delambre made those admirable theorems of Laplace the basis of his researches.

He had occupied several years in the composition of ecliptic tables founded upon
them, when the Academy of Sciences proposed the same inquiries as the subject

of a prize. This was awarded to Delambre. As he had before obtained this

distinction on account of the planet Herschel, ho now a second time earned it

on account of those of Galileo. A short time before this he had been elected a

member of the Academy.
About this time the execution of a grand and difficult project was set on foot

in France—a project whose importance had attracted the interest of all en-

lightened nations, its object being to establish a uniform system of measures
founded on some natural and invariable base. As the chief element of the

French metrical system, a determinate portion of the terrestrial meridian was
fi.xed upon, and a fortunate opportunity was thus offered of renewing those im-

portant geodesic operations which have carried to probably the highest attain-

able degree of precision our knowledge of the figure and dimensions of the
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globe. To Delambre and Mechain was confided the task of measuring an arc

of the meridian from Dnnkirk as far as Barcelona—a vast undertaking, whose
' character, progress, and difiiculties it is impossible here to detail. Suffice it to

say, that its success was principally due to Delambre ; he has written its his-

tory, and it is to his works we must i-esort if we would acquire a just and
accurate knowledge of the care which it exacted and the results which it

produced.

To trace this meridional line of more than two hundred leagues in length,

and actually to measure it in its whole extent, is what could never have been
proposed : it is the office of geometry to supply the place of immediate measure-
ment. But what a multitude of obstacles does the execution present ! The
temperature of the air and of solid bodies is continually changing ; the atmos-
phere, whose state is so variable, deflects light from a direct course ; the unequal
height of the points to be observed, the difficulty of selecting, placing, and
maintaining signals, all conspire against the exactness of results, which may
be varied also by the attraction of mountains and influenced by inequalities in

the figure or mass of the globe. Physics, astronomy, and mathematical analysis
must combine their lights to dissipate these causes of uncertainty and error,

and to enable the operator to distinguish among the various species of proof
that which is applicable to his immediate object.

"We must restrict ourselves here to citing one remarkable instance of verifi-

cation which occurred in comparing the two bases of Perpignan and Melun,
each in extent about three leagues. Delambre had taken the length of both by
actual measurement. Xow, one only of these measurements was necessary, for

the two bases being comprised in a common chain of consecutive triangles, the
one could be deduced from the other by calculation. Having submitted the
operations to this singular proof, the more decisive from the fact that the tw9
bases are about two hundred and twenty leagues distant from one another, it

was found that there was not the difierence of the third of a metre between the
result of the calculation and that of the measurement. Thus was determined,
by a trigonometrical operation, a 1 ne of about three leagues in length from a
distance of more than two hundied leagues, and the error was less than a foot,

that is to say, the thirty-sixth thousandth part of the lino calculated. I will

not say that Delambre was surprised at this coincidence ; but he Avas at least

highly gratified, for it was the result alike of his own assiduity and of the
astonishing accuracy of the instruments. Those used for the measurement of
angles, as well as for taking astronomical observations, were the repeating circles

of Borda, whose advantage especially consists in the distribution of any one
error over a multitude of observations. The process adopted for measuring the
bases, which is likewise due to the same great physicist, consists in the right

application of a measure formed of platiua, which serves at the same time as a
measure and a thermometer.

Thus far we have spoken only of difficulties incident to geodesic operations
in general, but'the conductors of the grand work we are considering were often

impeded by obstacles of a diff"erent nature. Their progress Avas beset not only
with keen anxieties, but injurious suspicions and personal annoyance. Mechain,
Avho has left us a great number of highly valuable observations, was subjected
to quite a long imprisonment, and suff'ered much from the effects of unremitting
fatigue. The principal operation, however, was finished, and, as he had always
designed, Mechain wished to carry the measurement as far as the Balearic
islands, but died in a foreign land before the results of his painful labors were
laid befoi-e the public. Delambre, to whose share had fallen a much more ex-
tensive portion of the work, collected all the elements of it, and published them
in a leading work which must be regarded as one of the noblest monuments
of science. He had quitted Paris in the last days of the month of June,
1792. It is easy to judge how little favorable the political condition of France

9 S
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at the time, and the violent passion? which inflamed all the parties of the realm,

must have heeu to a scientific enterprise whose advantages could only be appre-

ciated by enlightened minds.

Suspicious accordingly were soon excited by the arrangements which it was

necessary to make, especially during the night, and by the employment of in-

comprehensible signals and instruments. The villagers flocked together ; they

questioned the astronomers, and demanded the instructions under which they

acted, and which seemed to those ignorant minds the cover to some guilty mys-

tery. Delambre. who always believed that good faith, patience, and the desire

of being useful, would triumph over all obstacles, showed the instruments, ex-

plained their use, and, to employ his own expressions, undertook to give lessons

in geodesic astronomy on the public squares of Lagny, Epinay, and St. Denis.

By this means he succeeded in convincing some of his auditors. But the re-

newal of these annoying and perilous interruptions made a suspension of the

work unavoidable. And although this first obstruction was not of any long

duration, and Delambre was allowed after a w^hile to prosecute his original

operations, yet he was called shortly after to endure a persecution still more
odious and protracted. Under the most frivolous pretexts he was excluded

from the commission for determining the new system of measures. The record

of this decision may still be consulted, and we there see that it was the modera-

tion of his opinions, which was imputed to him as a crime, and which led to his

being forbidden even to take part in the measurement of the meridian. The
same order excludes Borda, Delambre, Coulomb, Laplace, and Lavoisier; it

beai'S the signatures of Robespierre, Billaud-Varenne, Couthon, and Oollot-d'-

Herbois. How significant this apposition of names, the most illustrious and
the most odious. But I shall not detain your attention on those unhappy
times which are already far removed from us ; the history of science delights

only in the recollections of a state of public harmony and concord.

Delambre might well entertain disquieting apprehensions, and he accordingly

did all in his power lo cause himself to be forgotten. Restored to his seden-

tary occupations, he divided his time between science and letters. The Muses
a second time embellished his retreat; they had animated his youth ; they con-

soled his manhood. The Muses are beneficent and hospitable; they offer an
asylum to every misfortune ; they welcome outraged merit and lift it above the

injustice of cotemporaries ; they smile upon those who have no patrimony but
their time and fill their solitude with charms ; to all conditions of life they
whisper consoling hopes and inspire noble sentiments.

After an interruption of two years, Delambre, who had carefully preserved
all the results of his labors, found it practicable lo renew his exclusive attention

to them. He resumed them at first under a different title, but after no long
time arrangements for continuing the measurement of the meridian were fully

restored. With his usual constancy, Delambre prosecuted all the details of the
vast undertaking, which was completed before the last year of the century.
The results obtained were calculated according to different metlwds, several of
which were proposed by Delambre. A remarkable theorem of Legcndre's was
also employed in these calculations and evinced its peculiar adaptation to the
uses of geodesic mensuratioji,

"When the importance of the subject is considered, the questions of astronomy,
geometry, and physics, which it was necessary to resolve, the celebrated names
of French or foreign savants, who lent their co-operation to the inquiry, and
the weighty and durable consequences of its result, it is not too much to say
that no other application of science is to be compared with this as regards its

character of exactness, utility and magnitude. Such was the judgment passed
upon it by all the academies of Europe, and the opinion of the 'Institute ot'

France was formally expressed when called upon to designate the most import-
ant application of mathematical or physical science which had occurred within
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ten years. With entire unanimity of suffrages the prize was assigned to tlie

author of the base of the metrical system.

The length of a determinate part of the meridian was at last known with ex-

traordinary preci:»ion, and upon this result, together with that of the memorable
experiments of Lefevre-Gineau, has been founded the established system of
French measures.

This great work comprehends all the experiments which have been made in

different places on the length of the pendulum conformably to the processes

invented by Borda; as well as all the observations made with the design of

prolonging the arc of the meridian to Fromentera, and also towards the north,

where it unites the geodesic labors of France with those of Great Britain.

One of the most remarkable results of modern science is that which relates

to the elliptical form of the terrestrial globe. The flattening of the regions

around the poles, as determined by the revolution of the globe upon its axis, is

demonstrated by all our geodesic measurements, as it is also by a comparison
of the lengths of the pendulum; and, what must be regarded as one of the most
astonishing attestations to the perfection of our astronomic theories, the measure
of this ellipticity is deducible with great exactness from an attentive observa-

tion of the movements of the moon. In the course of that planet, irregiilaritiea

have been discovered which are owing to the action of the earth, and which
could not exist if the earth were an exact sphere. Even the amount of the

flattening has been deduced from these irregularities with more precision thaa
was attainable by immediate measurements carried on successively in different

regions of the globe.

In this we see a striking proof of the progress of science, for not a century-

has elapsed since the elliptical figure of the earth was still a problem. Not
only was the depression of the polar region disputed within the walls of acade-

mies, but a theory directly the contrary of this had been proposed and obsti-

nately maintained. In our day all doubts are reso'lved. Geodesic operations

in France, England, Equatorial America, and the British possessions in India;

a comparison of the length of the seconds pendulum as observed in different

climates; and, as already remarked, the theory of the lunar inequalities—all

concur in giving the same value as the measure of terrestrial ellipticity. But
this question of the figure of the earth, so prolific of important results, can never
be discussed without reference to that great system of operations for which we
are mainly indebted to Delambre. Already an associate of most foreign acade-

mies, and member of the bureau of longitudes in France, he was elected by the

Institute perpetual secretary for the class of mathematical sciences.

We must now advert to the happy union which he contracted with a party
every way worthy of him, the mother of a youth named De Pommard, who had.

accompanied him in all his geodesic expeditions. Under the tuition of this

mother, the young man had acquired, in addition to correct principles of literary

taste, a familiar acquaintance with the finest productions of foreign literature.

Delambre attached himself more and more to this companion of his labors,

developed his talents, and enlightened him by his counsels and example. The
mother appreciated justly the value of such a friendship, and it is not difficult

to imagine how much her heart was touched by the advantages which resulted

from it. Having become a widow, Madame de Pommard espoused the friend

and protector of her son—the man whose talents and character were honored
by the whole of scientific Eui'ope. She honored them herself, for no one could,

better appreciate high endowments of the heart and intellect. The motives

which brought about this union rendered it fortunate ; but the family thus ten-

derly united was not destined to a durable happiness. It was smitten by the

unexpected and deplorable loss of the son, who had been the object of so many
vows, anxieties, and hopes. His mother found at least as much consolation as

the calamity admitted of in the tender affection of Delambre. Thus eighteer»
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years passed away iu the bosom of friendsliip, confidence, and peace ; in con

genial occupations, and the exercis-j of mutual kindness. In the mean time

Delambre had succeeded Lalande in the chah- of astronomy at the College of

France, and was appointed one of the principal titularies of the university.

For twenty years that he exercised in one of the classes of the Institute and

in the Royal Academy of Sciences the function bestowed on him by the suf-

frages of his colleagues, he cannot be said to have ever once swerved from the

line of strict impartiality and equity ; and though fidelity to such duties be but

the acquittal of an obligation, and no proper subject for formal eulogy, yet it

can never be useless to cite as an example that earnestness of purpose which

always animated him, or that considerate indulgence which was so much a part

of his nature that no personal motive or even injustice could affect it. In his

annual reports, in the historic eulogies which he gave to the public, and in his

delineations of the progress of science, we everywhere trace the consummate

erudition which distinguished him, and recognize a talent for writing formed

upon the noblest models. Above all, we would signalize that peculiar tempera-

ment which made it for hira an agreeable and easy office to exhibit the produc-

tions of others in the most favorable light", while at the same time he did not

permit himself the slightest deviation from the truth of history.

His literary and scientific labors were so numerous and extensive that we can

scarcely be expected to recount them, or even distinctly to explain their objects.

Suffice it to say that, besides all the works or memoirs which he published separ-

ately, or inserted in the academic collections of Paris, Berlin, and Turin, and in

that known as "La Couuaissance des Temps," [we have from his hand a com-

plete historical series, comprising " The History of Ancient Astronomy," in 2

vols. 4to., 1817 ; "The History of the Astronomy of the Middle Ages," 1 vol.

4to., 1819; "The History of Modern Astronomy," 2 vols. 4to., 1821 ; "The
History of Astronomy in the Eighteenth Century," and " The History of the

Measurement of the Earth," the two latter having been published since his death;

of which works it has been justly said " that no other country has produced

anything of the same kind of equal extent and value."] The enumeration of

such labors would constitute the most unequivocal title to literary merit, as being

calculated to display it in all its brilliancy without effort or exaggeration. If

this test were applied to the works of Delambre we could not be deceived as to

the rank they must occupy in the history of the sciences. Before him astro-

nomical calculations were founded on numerical processes, which were at once

indirect and irregular. These he has changed throughout, or ingeniously re-

modelled. Most of those which astronomers use at the present time belong to

him, having been deduced from analytic formulas, which, in their application,

hare been found alike sure, uniform, and manageable. The new tables which
he has given us of the sun, of Jupiter, of Saturn, of Uranus, and of the satellites

of Jupiter, at least some of them, may have been considerably improved by re-

cent labors founded on a greater number of exact observations
;
yet, in the pre-

sent state of astronomy, and up to this day, the tables of Delambrejust mentioned
are those employed in the calculations made for the " Conuaissance des Temps"
and for the nautical and astronomical ephcmerides of most nations. In addition,

the geodetic operation, for which we are chiefly indebted to him, and of which
he bore the greatest share, is the most perfect and extensive which has been
executed in any country. It has served as the model of all enterprises of the
kind which have been since projected.

That the labors of Delambre should have had this influence on the method
of astronomy is the more remarkable, considering the somewhat advanced age
at which he came to the cultivation of the sc;ence. He was more than thirty-

five when he began to practice observations. The history of the sciences, how-
ever, is not without such examples. Newton, it is true, was in possession of all

his great mathematical discoveries at an age which Leibnitz had not yet attained



MEMOIR OF DELAMBRE. 133

when he first devoted himself to such studies, yet Leibnitz, hut a few years

later, was one of the inventors of the infinitesimal analysis. But it is to be re-

membered that both Leibnitz and Delambre had been diligent students from

their earliest youth ; they had acquired, so to say, the literary habit ; their minds

had been disciplined to long research. In the works of Delambre we possess

an almost complete astronomical library; in his Treatise on Astronomy every

known method is reviewed and compared ; while his histories of the science

furnish a complete deduction of its progress through every stage, from the most

remote epochs to the year 1822. The latter portions of this work, unpublished

during his life, have received the superintending care of M. Mathieu, an asso-

ciate of the institute and a former pupil and friend of the deceased.

We will not here recall the questions which have been raised respecting the

origin of astronomical knowledge among the ancients. Such a discussion would

involve an attentive study of all extant monuments, and the solution of many
difiicult questions in spherical geometry ; it implies, also, a critical examination

of the most ancient sources of historical information. Those sources ai'e all in-

dicated in Delambre's work, and his learned analysis can never be dispensed

with, whatever be the opinion we may form on the general subject. What, more

than all, distinguishes his history of ancient astronomy from the works which

preceded it having the same object, is the care which the author has taken to

give a clear explanation of the methods pursued by each successive astronomer.

These he has rendered by means of the signs em.ployed in modern analysis; and

it is remarkable that in rendering he has in almost every instance suggested

some improvement in the method.

The long and persevering laboi-s which engrossed him to the last, and from

which nothing could divert him—which knew, indeed, no interruption but the

few hours of sleep he allowed himself, began to tell more and more upon his

health during the last years of his life. The malady through which his services

were at last lost to science declared itself in July, 1822; and from the first a

fatal issue was foreshadowed by long and frequent faintings and a total loss of

strength. He seemed, himself, to foi-esee the event, preserving to the last in-

stant his unalterable evenness of temper and serenity of mind; so that when the

scene finally closed on the 19th of August, 1822, it might be truly said that,

though he had sufl'ered much, he had given utterance to no complaint.

Were this the place to recall those scenes of regret and sorrow which followed,

what could be added to the noble and touching words pronounced at his obse-

quies] What tribute of honor to his memory could hope to vie with that in

which his illustrious colleague, the witness of his labors and his virtues, embod-

ied the regrets and valedictipns of this Academy ?*

A sketch has been thus given of the most remarkable incidents in the life of

Delambre. If happiness consist in ennobling occupations for the mind ; in the

exercise of benevolent affections, and the mastery and possession of one's self,

what destiny could be happier than his 1 He enjoyed no exemption from the

passing annoyances of life, but its most lasting and desirable blessings were

secured to him as the result of assiduous study, disinterested friendship, and

inflexible integrity. The consistency of his character was maintained in every

situation, as well by the moderation of his desires when deprived of the advan-

tages of fortune, as by the use which he made of those advantages when he

possessed them. From earliest youth he had imbibed at its very source a fa-

miliarity with all that antiquity has left us of the true and the sublime ; and his

maturer life was passed in a contemplation of the phenomena of the universe,

and in an intimate association with the most celebrated of his cotemporaries.

No feeUngs of hate, no bitter regrets, no ambitious desires troubled his spirit

;

* The funeral discourse at the grave of Delambre was pronounced by Cuvier.
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offence he offered to none, and envy itself respected liis repose. How (ew are

the distinguished men to whom such a lot was granted; and how easijj could

this reflection be made more striking by a recital of some of the exalted names
which preceded him. How melancholy the contrast which is presented in the

exile of Tycho, the indigence of Kepler, the illustrious misfortunes of Galileo.

Delambre has left works whose extent and nature place him in the first rank of

the promoters of science. Bofih poetry and friendship have been exerted in his

praise ; and if anything is wanting to his memory, it is a successor who might
more worthily have executed the present attempt to do justice to his character

and genius. But history, with its eloquent and faithful voice, will redress even

this disadvantage in perpetuating to after ages the recollection of so many useful

and noble labors.

I

i



ESSAY ON THE VELOCITY OF LIGHT.

BY iM. DELAUNAY, OF THE INSTITUTE OF FRANCE.

TRANSLATED FOR THE SMITHaONIAiV INSTITUTION BY ALFRED M. MAYER, PROFESSOR OF PHYSICS, PENN-

SYLVANIA COLLEGE, OETTYSBURQ.

The precise determination of the velocity with which light traverses space,

first accomplished by the aid of astronomical observations, and then reduced

to the proportions of a simple experiment of physics, made in a laboratory of

small dimensions, constitutes certainly one of the wonders of modern science.

We propose to exhibit in this essay the different phases through which the

problem has passed, and the various methods which have been successively

employed to arrive at its solution.

We will first endeavor to convey a clear idea of what is understood by the

velocity of light.

In order to account for the various phenomena of optics, physicists have
imagined two systems* in reference to the ultimate nature of light. According

to one, every luminous body throws out cont/nually and in all directions into

space corpuscles of an exti'eme tenuity, which in penetrating our eye there

produce the sensation called light ; this is the system of emission. According

to the other, light is the vibratory motion of an excessively rare fluid existing

in all space, and known under the name of ether ; a luminous body only pro-

duces and keeps up around itself this vibratory movement which is progres-

sively propagated to an indefinite distance ; this constitutes the system of undu-

lation. Can we certainly say that either system is a true expression of what
exists ? We cannot. For a long time one system as well as the other ac-

counted for all known optical phenomena; now we know that certain phe-^

nomena that we have succeeded in producing cannot be explained by the sys-

tem of emission, whilst the system of undulation logically embraces them

;

the latter, therefore, of the two can alone be the true expression of the facts.

But it may happen that at some future day we will discover new phenomena
which will be no more explicable by the system of undulation than those men-
tioned can be by the system of emission. But however that may be, it is

necessary, in order to give clearness and precision to our reasoning, to represent

the phenomena as taking place according to one or the other system, provided

we do not absolutely give our mental consent to such a system as being a true

expression of existing facts.

In the system of emission the luminous corpuscles thrown out in all direc-

tions are in reality projectiles which move uniformly and in straight lines,

provided they are not submitted to causes of change of motion, such as those

which result from the meeting of ponderable or gross matter. The velocity

with which these projectiles move in space is what we call the velocity of light.

* The word system is used by the author in this essay to designate a body of doctrine, and,

therefore, may mean either theory or hypothesis. See Prof. J. Henry's Syllabus of Lectures
on Physics lor the true meaning of these words, which, unfortunately, are so generally mis-

understood and thoughtlessly used. An hypothesis may be defined as an assumed law,

whereas a theory is "the exact expression of the law of a class of facts," and may be termed
a vindicated hyjjothesis.— Translator.
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According to tlie system of undulation light is produced by a succession of

vibratory motions of the ether which emanate from the luminous body and are

propagated indefinitely around it into space. We can arrive at a clear idea of

such propagation by observing the circular waves which dilate from a centre

of agitation on a smooth liquid surface, such, for example, as are produced when
Ave cast a stone into a calm lake. The luminous waves are spherical, and have

for common centre the source of the light ; they expand as they move forward,

like the circular waves formed on the surface of the water. If we imagine a

straight line drawn from the centre of vibration and extended iudeiinitely into

space, each luminous wave will i-each the different points of that line along

which it uniformly progresses ; the velocity of the light is the length the wave
runs over on that line in the unit of time. But we can also have a clear idea

of the velocity of light without adopting any hypothesis in reference to the

manner in which it is produced. If a source of light, a candle for example, is

lighted or extinguished suddenly, this instantaneous phenomenon will not be
perceived at the same instant at all points of the space from which we can
observe it. If we are quite near to the light we will perceive it immediately

;

if we are far off there will be a certain amount of time between the production

of the phenomenon and its perception by the eye, and this time will be so much
the longer as the distance between the source of light and the eye is greater.

The phenomenon of which we have just spoken takes, therefore, a certain time

to run over the distance which separates the place of its production from the

eye of the observer, and it is natural to admit that it takes equal times to run
over equal portions of that distance ; that is to say, that it progresses in any direc-

tion whatever, like a moving body animated with a uniform velocity. The
velocity of light is the velocity with which a phenomenon of light is thus
propagated to a distance ; or, in other terms, it is the distance at which the
eye ought to be placed from the point where the phenomenon is produced, in

order that a unit of time may elapse between the instant of its production and
the instant of its perception by the eye.

After what has been said, nothing can be easier than to invent the means to

determine the velocity of light. It will suffice to proceed as we always do
when we desire to measure the velocity of a mass moving uniformly. If we
wish to determine, for example, the velocity of a train on a railroad, we place
ourselves in one of the cars, and, furnished with a second-watch, we observe
how many seconds elapse between the instant of passing one mile-post and the
instant of passing the next post following; if we thus find 2 minutes or 120
seconds, we divide the distance of 1 mile or 5,280 feet by 120, and the quotient
44 shows that the train runs over 44 feet in 1 second. In general, we observe
the time employed by the body to move over a known distance, and then we
divide the distance by the time expressed in seconds, and the quotient is the
velocity in one second of time.

In order to apply this method to the measure of the velocity of light, let us
imagine two sources of light, A and B, two lamps with reflectors, for example,
placed several thousand yards apart. If we suddenly place just before the
lamp A a screen, the observer at B will not at that instant see the light at A
disappear ; he will see it disappear only after the time employed by the light
to run over the distance between the two lamps. If at the very instant that
the observer at B sees the light A disappear he screens, in his turn, the light B,
the observer at A will not see the light B disappear until a short time after it

has been screened, on account of the time the light occupies to run over the
distance between the two lamps. The interval of time comprised between the
instant the lamp A was screened and the instant when the observer stationed
at that lamp perceived the disappearance of the lamp B, is, therefore, the time
employed by the light to run over twice the distance A B ; if wo measure this
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time by any means whatsoever, we have only to divide double the distance A B
by the time found in order to obtain the velocity of the light.

In proceeding as we have just indicated, no matter how great may be the

distance of the two lamps A and B placed on the surface of the earth so that

either may be seen from the place where the other is stationed, we always find

that the time elapsed between the instaat the screen is placed before the light

A and the instant when the light B disappears to the observer stationed at A is

absolutely inappreciable. It appears as if the extinction of the light of each

of the two lamps was perceived at the same instant, withbut any delay, at

the station of the other lamp ; that is to say, as if the velocity of light was
infinitely great. This happens because the velocity of light, although not

infinitely great, yet is of a very high value ; light going over in one second

about three hundred thousand kilometres, (about 190,000 miles,*) or 7^ times

the circumference of the earth ; it therefore does not employ, in the experi-

ments we have just explained, to go from one lamp to the other but a fraction

of a second, absolutely inappreciable by the oi'diuary means of observation.

Every one has observed that sound requires a certiiin length of time to come
from a distance. If we observe afar off a wood-cutter strike with his axe the

trunk of a tree, we see each blow some time kofore we hear the sound which
it occasions. On account of the extremely high velocity of light we can say
that Ave perceive the blow at the very instant it is given by the wood-cutter;

the interval of time which elapses between the instant when we see the blow
and the instant when we hear it, is therefore the time employed by the sound
to come from the tree to the place we occupy. This time, which is very appre-

ciable, is so much the longer as we are at a greater distance from the wood-
cutter. If we remove ourselves to such a distance that the interval is exactly

one second, then we will have but to measure the distance to the tree in order

to have the velocity of the sound. Instead of that, we can proceed as we indi-

cated for light, by replacing the lamps A and B by cannon whose discharge

we can instantly bring about. It is in operating thus that we have found that

sound runs over 333 metres in one second of time.t There is the greatest

analogy between the progressive transmission of light to a distance and the

progressive transmission of sound through the atmosphere ; only light is propa-

gated with a velocity incomparably greater than sound. The clear conception

of the progressive transmission of sound to a distance which we have arrived

at from the preceding considerations renders it very easy to conceive the pro-

gressive transmission of light ; and in order to understand clearly all we are

going to say of this last phenomenon we cannot do better than refer to the

analogous phenomenon of sound, which is directly accessible to our senses.

* In reducing the French measures of length to English, we have adopted Captain Kater's
value of thometre, the French unit of length, as equal to 39.37071) English inches, or 3.'480899

English feet, or 0.6214 of an English mile. The brass scale made by Troughton for the
United States Coast Survey has been declared the standard of the United States, and the
value of the metre expressed in United States standard inches is given in the Coast Survey
Report, for 1853, as equal to 39. 36350535 United States standard inches, or 3.28070378
United States feet. Prof. Bache, in 185(3, found that the British bronze standard yard, No.
11, is shorter than the American yard by 0.00087 inch.— Translator.

t It may be stated, in round numbers, that sound, in dry air and at the freezing tempera-
ture, travels at the rate of 1,090 feet, or 3G3 yards, per second, and every additional degree
of atmospheric temperature, on Fahrenheit's scale, adds 1.14 foot to that velocity, so that at
62° Fahrenheit (which is the standard temperature of the British metrical system) it runs
over 9,000 feet in 8 seconds, ]2| British miles in a minute, or 765 miles in an hour, which
is about three-fourths of the diurnal velocity of the earth's equator. Hence, in latitude 42|-,

if a gun be fired at the moment a star passes the meridian of any station, the sound will
reach any other station exactly west of it at the precise instant of the same star's arriving on
its meridian.

—

Sir J. IlerscheL
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.

DISCOVEKY OF THE VELOCITY OF LIGHT, BY ROEMER.

Dui'iug a long period we had no knowledge of the velocity of light. On ac-

count of the extreme greatness of that velocity, the phenomena of light pro-

duced on the earth being perceived immediately at considerable distances on

the surface of the globe, it was usual to consider the passage of light through

space as absolutely instantaneous.* The honor of the discovery of the pro-

gressive transmission of light and the determination of the value of its velocity

is due to Roemer, a Danish astronomer who was induced by Picard to settle in

France in 1G72. He made the important discovery by examining and discuss-

ing with care the observations on the eclipse of the first satellite of Jupiter.

It is well known that Jupiter, the greatest of the planets which, like the earth,

circulates around the sun, is accompanied by four moons or satellites. These
satellites move around the planet in the same manner as the planets move
around the sun, conformably to the laws of Kepler ; their elliptical orbits are

in planes slightly inclined to the plane of the orbit of Jupiter. The planets

and their satellites have not a light of their own, and we can only see them
when they are illuminated by the sun. If any obstacle prevents the light from

falling on one of these bodies, it becomes invisible, or, in other -words, it is

eclipsed. This is what happens frequently to each of the satellites of Jupiter.

The satellite in circulating around its planet comes to a portion of its orbit which,

relatively to the sun, is behind Jupiter; the planet intercepting the rays of the

sun, the sateUite is eclipsed for a certain time : this is a phenomenon entirely

similar to the eclipses of the moon which we from time to time have the oppor-

tunity of observing. If we imagine a cone enveloping at the same time the

sun and Jupiter, so that the surface of the cone is tangential to the two spheres,

the light of the sun cannot reach any point of the space situate within the cone

and beyond Jupiter ; this space is what we call the umbra or umbral cone of

the planet. A satellite is eclipsed every time that in circulating around the

planet it penetrates this umbral cone ; and the eclipse ceases the instant it has

traversed it. On account of the large transverse dimensions of the umbral
cone of Jupiter due to the size of the planet, and also on account of the slight

inclination of the orbits of its satellites to the orbit the planet describes around
the sun, these satellites penetrate at each of their revolutions the umbral cone

;

there is an exception alone for the fourth satellite, (that which is the furthest

from the planet,) which passes sometimes above or below the umbral cone with-

out penetrating it, when it passes in the parts of its orbit the most distant from
the plane of the orbit of Jupiter.

The eclipses of the first satellite of Jupiter (that which is nearest to the

planet) are much more frequent than those of the other satellites, on account
of the rapidity with which it describes its orbit. These eclipses are repeated

at intervals of about forty-two hours and a half. Also the eccentricity of the

orbit of this satellite being insensible, its movement around the planet is circular

and uniform : there necessarily results a great regularity in the occurrence of

the successive eclipses. These phenomena are easily observed from the earth,

* The experiment of the lights explained above was made by Galileo, and did not give any
result. Subsequently, Descartes thought of a celestial phenomenon which ho imagined would
be aflected by the progressive transmission of light. He saw that if light occupies a certain
time to traverse the distance which separates us from the moon, then that satellite, at the
moment it is eclipsed by the interposition of the earth between the sun and the moon, should
not appear to occupy in the heavens a position diametrically opposite to the sun; it should,
on the contrary, appear notaljly distant from that position. Observation did not show any-
thing similar, and he concluded that light was transmitted instantaneously through space.
These negative results only prove that the velocity of light is too great to produce, in these
circumstances, effects appreciable by thenneans of observation employed. They can, at the
most, as Huyghens remarks, furnish an inferior limit to the velocity of light, and do not at
all prove that this velocity is infinite.
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even with telescopes of rather low power, which suffice to render the s.atellites

of Jupiter very distinct when they are not eclipsed. We ought, however, to

remark that it is never possible to observe the beginning and the end of the

same eclipse of the first satellite, because, as we only see the umbral cone ob-

liquely, a good portion of this cone, at the distance of the first satellite, is hidden
from us by the planet itself. If Ave observe the satellite when it enters the

umbra! cone, it passes soon behind the planet, which prevents us from seeing it

go out of the cone. If at other times we observe it when it comes out of the

umbral cone, a short time before, and especially at the moment it enters the

cone, it is hidden from us by the planet. When Jupiter is to the west of the

sun, the umbral cone, which is always on the side away from the sun, is situate

to the west of the planet; we therefore see the first satellite enter the umbral
cone, but we do not see it go out, or, to use the language of astronomers, we
see the immersion of the satellite, but we do not see the emersion. When
Jupiter is to the east of the sun, it is the contrary that happens : the umbral
cone is projected to the east of the planet, and we can observe the emersion

whilst the immersion is invisible.

Whilst in Padua, in 1610, Galileo discovered the satellites of Jupiter. The
rapidity of the displacement of these little spheres to one side and to the other

of the planet, the frequency of their extinction and of their reillumination,

naturally excited the curiosity of astronomers, who accumulated observations

on them. It was in studying these observations on the immersions and the

emersions of the first satellite, in order to arrive at the means of predicting

their eclipses, that Roemer made the capital discovery Avhich we now propose

to discuss.

In order to fully comprehend the influence of the progressive transmission of

light through space on the observations of the eclipses of the first satellite of

Jupiter, and clearly to understand the manner in which Roemer was enabled
to deduce the value of the velocity of light from the numerous observations of

this phenomenon which had up to that period been tabulated, let us take an
example relative to the progressive transmission of sound in our atmosphere.
Suppose that the same sound is repeated regularly at equal intervals during
any given time ; this sound is produced, for example, by a wood-cutter who
strikes with his axe a tree, or by a blacksmith who strikes with a hammer a
piece of iron on his anvil. If we are quite near to the spot where the sound
is produced we hear and see at the same instant each blow. If we remove to

a distance we no longer hear the blows at the same time we see them, and
the interval of time which elapses between seeing and hearing the same blow
becomes greater as the distance is increased. If, when far off, we come near,

then go off again, and then come near, and so on, the interval of time between
seeing and hearing the same blow increases as we increase the distance, dimin-

ishes as we diminish the distance, increases again with the distance, and so on:

it thence results that, notwithstanding the regularity with which the blows of

the axe or hammer are given, the successive sounds which we hear have not

equal intervals, since the sounds which follow the blows which produce them
are at intervals of time which alternately increase and diminish. When we
walk towai'ds the wood-cutter or the blacksmith, the sounds which we succes-

sively hear are at shorter intervals of time than the blows of the axe or

hammer, and the sounds are at greater intervals than the blows when we walk
away from the wood-cutter. In walking with a regular step the circumference

of a circle in the neighborhood of the place where the wood-cutter or the black-

smith works, we will be sometimes further off and sometimes nearer to the place;

and while we observe the blows succeed each other with great regularity, we
hear the sounds occasioned by these blows succeed each other sometimes with
diminishing intervals, and at other times with increasing intervals. The irregu-

larity ill the succession of the sounds is rendered very sensible by the continuous
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variation in the time comprised between seeing and hearing each blow ; but

even when we only hear the blows without seeing them, that irregularity is

always detected by the attentive consideration of the successive sounds; it

secnis as if the sounds experienced a periodic perturbation—that they take place

now before, now after the instants at which we ought to hear them so that they

would follow each other regularly. An observer placed in the conditions

which we have supposed, and ignorant of the conditions of the progressive-

transmission of sound, and who would thus hear the sounds of the axe or ham-

mer succeed each other now with rapidity, now with slowness, as he walked

round his circular path, might well imagine, at lirst, that the blows themselves

had this irregularity ; but in thinking of the manner in which the blows are

produced, he would have reason to think that such a periodic irregularity in

their production was not very probable; and especially as he would remark that

the retardation and acceleration of the successive blows coincided always with

his going away from or his approach to the place where they originated, he

•would naturally be led to attribute the irregularity of the succession of sounds

to his own change of position, and would thus be led to the discovery of the

progressive transmission of sound.

It was in exactly similar conditions that Roejaer found himself when he

examined and discussed with care the observations c^' the eclipses of the first

satellite of Jupiter. This satellite, in entering the umbral cane of Jupiter,

suddenly loses its light, and in coming out of the umbral cone it instantly

regains it. There is, therefore, in the successire immersions and emersions of

that satellite, a series of phenomena of light which are reproduced as regularly

as the blows of the hammer of which we have spoken above. The astronomer

who observes these phenomena is carried by the earth each year over an orbit

which differs little from a circle having the sun as a centre. It is true that

Jupiter moves at the same time around the sun, so that the place where the

eclipse of its first satellite takes place is displaced continually round that cen-

tral body; but the time of the revolution of the earth around the sun being

much shorter than that of Jupiter, the distance of the observer from that

planet and from its satellite experiences the same alternative increase and dimi-

nution of distance as if Jupiter were stationary. The period of the returns of

the observer to the same distance from Jupiter is alone modified ; it is about

399 days instead of only one year. If, therefore, light is not instantaneously

transmitted to all distances, if it requires an appreciable time to run over a

length such as the diameter of the orbit of the earth, we ought to find ijie

effects in the observations of the eclipses of which we have just spoken. If

from observations continued through several years we deduce the mean interval

of time which separates two consecutive eclipses, we ought to find that the

time is greater than the interval really observed between two consecutive

eclipses while the earth is appi-oaching Jupiter than the interval observed
while the earth is going away from Jupiter. If, in using the value of this

mean interval of time which elapses between one eclipse and the following and
setting out from an eclipse observed when the earth is at its mean distance

from Jupiter, we wish to predict the return of future eclipses, it happens that

the instants when the eclipses are really observed are sometimes in advance of

and sometimes in retard of the predicted epochs, according ais the earth is

nearer to or further from Jupiter than at the moment of departure from the
point of mean distance. The times furnished by the observations for the com-
mencement or the ending of the different eclipses will therefore appear sub-
mitted to a periodic perturbation agreeing with the period of variation of the
distance of the earth from Jupiter. This is precisely what Roemer found in
discussing the numerous -observations which he had in his possession of the
eclipses of Jupiter's first satellite ; he thus found that light employs 22
minutes to run over the diameter of the orbit of the earth around the sun, and
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consequently 11 minutes to run ovei' the distance whicli separates us from that

body. He published his discovery in a memoir presented to the Academy of

Sciences of Paris in 1675, to which he had been elected a member a short time

after his arrival in France. The following is the account givgn in the Histoire

de VAcademic, t. i, p. 213, annee 1676 :

"It was only from this vast mass of observations that we commenced to see a truth of
physics hitherto unknown to all philosophers, and so ignored that the contrary was almost a
iixed principle.

"A great number of very exact calculations having been made of the revolutions of the
first satellite of Jupiter, and consequently of all its eclipses caused by the umbra of Jupiter,

he found that at certain times, it came out of the shadow a few minutes too late, and at other
times sooner than it should have done, and he could not account for that variation by known
principles. In comparing these times with each other, M. Roemer saw that the satellite

came too late from the shadow always when the earth, in its annual movement, was going
away from Jupiter, and too soon when it was approaching the planet. From these facts M.
Roemer began to form the ingeniotis conjecture that light requires an appreciable time to

traverse space. That granted, if the satellite appeared to come out of the shadow too late

when we were furthest off from it, it did not follow that it really did emerge too late, but its

light took longer to come to us, for, so to speak, we had run away from it. On the contrary,
when we went to meet it, the time of the satellite in the shadow should appear shorter.

"'To test the truth of this idea, he calculated what differences in the emersions of the satel-

lite corresponded to different distances of the earth, and he found that the light was retarded
eleven minutes for a length equal to the distance of the earth from the sun. From that datum
he announced to the Academy, in the begiiming of September, that if his supposition was
correct, an emersion of the tVst satellite, whicli would take place on the IGth of November
following, would happen ten minutes later than it; should according to the ordinary cal-

culation.

"The event agreed with the prediction of M. Roemer. Notwithstanding this success, as
the idea was very new, it was not at first generally received. The savans were cautious not
to be led astray by the charms of novelty. The satellite has not for the centre of its motion
the centre of Jupiter. Moreover, its revolutions are more rapid when it is nearer the sun,
and this should produce irregularities in its motion. But these irregularities do not exactly
follow those just mentioned. They even imagined another astronomical hypothesis, which
would fulfil all the conditions, but it was too unlike anything hitherto known of the heavens.
It might satisfy the calculation, but it had not that probability which could satisfy the mind»
"We must, therefore, admit the retardation of light as probable, according to physics,

even though not proved by astronomy."

The admirable discovery of Roemer was made known in an article pub-
lished in the Joxirnal des Savants of Monday, December 7, 1676, under the

title of Demonstration touckant Ic mouvcmcnt de. la lumiere trouve, par M.
Roemer, dc l'Academic Roj/ale des Sciences. This article, accompanied by a
figure, gives a clear and sulficiently detailed explanation of the influence of

the progressive transmission of light on the observations of the eclipses of

Jupiter's satellites.

CONFIRMATION OF THE IDEAS OF ROlJMER BY THE DISCOVERY OF THE ABER-
RATION OF LIGHT, BY BRADLEY.

The ideas of Roemer on the progressive transmission of light through space,

and the explanation that he had thence dediTced of the alternate delays and
accelerations in the immersions and emersions of the first satellite of Jupiter,

although generally admitted by savans, were not, however, accepted without
dispute. The point in consideration was the periodic perturbation in the move-
ment of a single celestial body—^the satellit.e 'According to the observations

this body was sometimes in advance of and sometimes behind the position it

ought to occupy according to the preconceived ideas of the nature of its

motion ; instead of attributing these delays and accelerations to the change of

position of the observer and to the progressive transmission of light, could it

not be regarded as indicating a real perturbation in the movement of the satel-

lite, due to a cause not yet discovered ? The ideas of Roemer required, there-

fore, a confirmation which would entirely relieve them of doubt. This con-

firmation was given in a remarkable manner some time after. It was fur-
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uislied by the discovery of aberration, made fifty years later by the celebrated

English astronomer Bradley.

This phenomenon of aberration consists in an apparent displacement which

all the stars and planets experience on account of the combination of the

velocity of the earth with the velocity of light. In order to explain this we

will take another example from among familiar things, and with which we are

all acquainted.

Suppose tliat we are in a railroad car during a rain, without wind, so that

the drops falls vertically. When the train stops we see the rain-drops moving,

as they really do, each in a vertical line. But when the train runs on the rails,

things are completely changed. The drops now seem to fall obliquely, as if a

stron"- wind blew in a direction contrary to that of the train's motion, and

obliged the vertical lines, naturally described by the rain-drops, to be inclined

iu the direction of its action. It is easy to explain this. From the interior of

the car we observe what passes outside through the rectangular opening of the

window. Let us consider specially a drop of rain which we perceive near the

upper angle or corner of the window on the side in the direction of the motion.

If the car was stationary we Avould see the drop descend along the vertical

side of the window of which that corner is the upper extremity. But the car

moves at the same time as the rain-drop, and at the moment it arrives at the

bottom edge of the window sash it is appreciably behind the vertical edge

;

the quantity it is behind is exactly the distance run over by the car Avhile the

rain-drop was descending the whole height of the window-sash. The rain-

drop seems to run over a straight line which joins the point where it enters

the space of the window-pane and the point where it goes out; and as this

straight line has necessarily a certain obliquity, the rain-drop appears to descend

obliquely ; and all the other drops of rain moving absolutely the same as the

one we have just considered, seemed also to move in this oblique line, which

is but an appearance caused by our own motion while we look at the falling

rain. If, for example, the car progressed exactly the breadth of the window
while the rain-drop fell through a distance equal to its height, a drop appearing

in the upper corner of the window would seem to run over the diagonal drawn

to the opposite lower corner of the pane.

We will remark, in passing, that if we measui'e the apparent obliquity of the

rain, we can thence deduce the ratio of the velocity of the rain-drops to that

of the train, since we know the lengths of the paths run over iu the same time

by the drops and by the car; and if we know one of these velocities, for

example that of the train, we can calculate the other, that of the rain. This

method, entirely practical, was proposed, several years ago as furnishing the

means of accurately measuring the velocity of falling rain.

Thus from the simple fact that the observer is in motion, the bodies which
move in his neighborhood do not appear to have the motion which they have

in reality, the direction of their motion being altered by this circumstance, and
that so much the more as the velocity of the observer is greater.

.

Keeping always our illustration of vertically falling rain, observed from

the interior of a railroad car iu motion, suppose that the train gradually

changes its direction, and from running north to south it changes to run from

cast to w(ist. On account of the motion of the car the rain appears driven

against the train by a wind blowing from west to east. If the railroad is built

iu the form of a circumfei-ence of a circle, so that the train in running over its

whole length comes again to the point of departure, the rain which really falls

vertically appears from the interior of the car to fall obliquely under the action

of a wind blowing successively from all points of the horizon.

Similar circumstances are presented when the rain, instead of falling verti-

cally, tails with a certain obliquity, caused by a wind blowing regularly. If

the wind throws the rain iu a direction contrary to that of the car, the motion
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of the car causes the rain to appear to fall more obliquely than it really does

;

if the wind blows the rain in a direction with that of the car, the obliquity

with which it really falls appears diminished, and may, according to the

circumstances, be annulled or even changed in direction ; if the wind makes
any angle whatsoever with the railroad, the drops of rain will always appear
to fall behind the positions they would have if the car were at rest. In a word,

the direction according to which the observer seated in the car sees the rain

fall is more than the real direction of the rain modified as it would be if blown
by a wind in a dii-ection contrary to the motion of the train. If the car runs
over a circular road the influence of its movement on the apparent direction of

the fall of the rain-drops changes progressively, so that the rain seems suc-

cessively to come from different points of the heaven situate all round the

point from which it really falls.

If what has just been said is clearly understood, it will not be difficult also

to understand the phenomenon of aberration discovered by Bradley, a phe-

nomenon which presents the closest analogy with the apparent cbange in direc-

tion of the rain-drops of which we have just spoken. Replace tbe rain by the

light which comes from the stars, and the car moving on the circular railroad

by the earth which annually moves around the sun in an orbit which differs

little from a circle. The observer who perceives the light coming from the

stars, and who is carried by the earth in its annual movement around the sun,

receives that light from positions in space which differ from the directions in

which it would come to him if he were at rest, so that to allow the light to

traverse the axis of his telescope he is obliged to give it a direction different

from what it would have if ho were not himself translated with a certain

velocity. In the example of the rain-drops observed from the interior of the

moving car, if we placed near the window a tube so directed that a drop of

rain entering the top would pass through the tube without touching the sides,

that tube would have the direction of the lines the rain appears to describe;

on the contrary, we would have to give it the true direction of the falling rain

if the car did not move. This tube stands in the place of the telescope, which
the observer so directs that the light coming from a star traverses its whole
length to arrive at his eye placed at the other end behind the eye-piece. If

the earth did not move, the telescope ought to point in the real path of the light

coming from the star—that is to say, in the straight line drawn from the

observer to the star ; but the earth being in motion, the telescope has to be
directed in the .apparent path of the light, a line which indefinitely prolonged

into space would not pass through the star, but considerably in advance of it,

when we refer its position to the motion of the earth. We therefore see the

star in a point where it does not exist, and that apparent deviation, which is

but an illusion arising from the motion of the observer in space, changes
gradually in direction as the earth moves over the different parts of its annual
orbit, so that it returns to exactly the same conditions in the course of a year.

Each star, therefore, seems to revolve around its real position, which point we
do not see ; and the angular distance which separates it from that real position

depends not upon the distance which exists between us and it, but solely ou
the ratio which exists between the velocity of light and the velocity of the

earth. If the two velocities were comparable, that is to say, if the ratio of the

greater to the smaller was not a very large number of units, which is the case

with the velocity of falling rain compared to the velocity of the train, the

apparent deviation of which we have spoken would be very considerable, like

the deviation we observe in the falling rain when we are in a car, which from

a state of rest commences to run i-apidly over the rail. If, on the contrary,

the velocity of light Avere incomparably greater than that of the earth, and as

infinity compared with the latter, the apparent deviation of the rays of light,

due to the velocity of the earth, would be extremely small, and might, on
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account of its minuteness, escape our investigations, notwithstanding the pre-

cision of the means of observation employed by modern astronomy. But

neither of these cases is presented for our consideration ; it is true that the

velocity of the earth is very small compared to that of light, but not so small

that the apparent deviation due to the velocity of displacement of the observer

is insensible : this deviation, for its maximum, is about 20 seconds of a degree,

a quantity not only appreciable, but also even measurable with great precision

by the aid of the instruments which now exist in observatories.

It is in this apparent deviation of each star, a deviation which changes in direc-

tion from one period of the year to another, so that the star appears to revolve

annually around its real position, that consists the phenomenon of aberration

discovered by Bradley. We will content ourselves with having, given in what

precedes a general idea of the cause of the phenomenon, and we will not en-

deavor to show how by setting out from the causes indicated we can find the

laws it follows during the diiferent times of the year. We will simply state

that the total apparent motion which results to each star takes place in an

ellipse whose greater axis, as it is for all the stars, is seen under an angle of

about forty seconds of a degree ; this greater axis is always directed parallel

to the ecliptic. As to the smaller axis of the ellipse, it varies from one star to

another, and it is so much the smaller as the star is nearer the ecliptic : equal

to the greater axis for a star situate at the pole of the ecliptic, reduced to zero

for a star situate directly on the ecliptic. The ellipse of aberration, therefore,

corresponds with a circle at the pole of the ecliptic, and in going from that pole

it becomes more and more flattened as the star to which it corresponds is found

nearer to the ecliptic, so as to be I'educed to a simple straight line of a length

equal to the greater axis for each star situate on this great circle of the sphere.

As it often happens in the science of observation, Bradley discovered aberra-

tion without seeking for it. Molyneux had placed at Kew, near London, an
instrument constructed with the greatest care by the celebrated Graham, and
destined to observe with all possible precision the passage of stars near the

zenith. The object that astronomers had in view was to arrive at some precise

data of the annual parallax of the stars. We know that the annual pai-allax

of the stars is the displacement with respect to each other which the different

stars ought to appear to us to have at different periods of the year, because we
successively see them from different points of the orbit of the earth, so that,

in going from some and in approaching others, we see them under different

aspects as the earth carries us in its motion around the sun. Since the

general adoption of the system of Copernicus, astronomers were desirous to

prove the existence of that annual parallax which is a necessary consequence,

and Avhicli would be regarded as an incontestable proof of the truth of this

system. With the instrument of Molyneux were made the first observations

which led to the discovery of aberration. The following is his account of the

discovery, given in a letter to Halley :*

"Mr. Molyneux's apparatus was completed and fitted for observing about the oud of
November, 1725, and on the 3d day of December following the bright star in the head of
Draco (marked y by Bayer) was for the first time observed as it passed near the zenith, and
its situation carefully taken with the instrument The like observations were made ou the
5th, 11th, and 12th days of the same month, and there appearing no material difference in
the place of the star, a further repetition of them at this season seemed needless, it being a
part of the year wherein no sensible alteration of parallax in this star could soon bo expected.
It was chiefly, therefore, curiosity that tempted me (being then at Kew, where the instrument
was fixed) to prepare for observing the star on December 17, when, having adjusted the
instrument as usual, I perceived that it passed a little more southerly this day than when it

was observed before. Not suspecting any other cause of this appearance, we first concluded

*A letter from the Kev. Mr. James Bradley, Savilian Professor of Astronomy at Oxford,
and F. R. S., to Dr. Edmond Halley, Astronom. Reg., ttc, giving an account of a new dis-

covered motion of the fixed stars.

—

PliilosophimL Transactions R. S,, No, 4U6, December, l~5i3.
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that it was owing to the uncertainty of the observations, and that either this or tlis foregoing

were not so exact as we had before supposed, for which reason wo purposed to repeat the

observation again, in order to determine from wlieiice this difference proceeded, and upon
doing it, on December 20, I found that the star passed still more southerly than on the former

observations. This sensible alteration the more surprised us, in that it was the contrary way
from what it would have been had it proceeded from an annual parallaz oi the star; but
being now i)rctty well satisfied that it could not be entirely owing to the want of exactness

in the observations, and having no notion of anything else that could caUse such an appa^
rent motion as this in the star, vfa began to think that some change in the materials, &c., of

the instrument itself might have occasioned it. Under these apprehensions we remained
some time, but being at length fully convinced, by several trials, of the great exactness of
the instrument, and finding, by the gradual increase of the star's distance from the pole, that

there must be some regular cause that produced it. wo took care to examine nicely, at the

time of each observation, how much it was, and about the beginning of March, 1726, the star

was found to be twenty seconds moro southerly than at the time of the first observation. It

now seemed to havo arrived at its utmost limit southward, because, in several trials made
about this time, no sensible difference vt'as observed in its situation. By the middle of April

it appeared to bo returning back again towards the north, and about the beginning of June
it passed at the same distance from the zenith as it had done in December, ^vhen it was first

observed.

"From the quick alteration of this star's declination about this time, (it increased a second
in three days,) it was concluded that it would now proceed northward, as it before had gone
southward, of its present situation; and it happened as was conjectured, for the star con-
tinued to move northward till September following, when it again became stationary, being
then near twenty seconds moro northerly than in June, and no less than thirty-nine seconds
more northerly than it was in JIarch. From September the star returned towards the south,

till it arrived, in December, to the same situation it was in at that time twelve months, allow-

ing for the difference of declination on account of the precession of the equinox.

"This was a sufficient proof that the instrument had not been the cause of this apparent
motion of the star, and to lind one adequate to an effect seemed a difficulty. A mutation of

the earth's axis was one of the first things that offered itself upon this occasion, but it was
soon found to be insufficient; for though it might have accounted for the change of declina-

tion in 7 Draconis, yet it would not at the same time agree ^vith the phenomena in other stars,

particularly in a small one almost opposite, in right ascension, to 7 Draconis, at about the

same distance from the north pole of the equator; tor though this star seemed to move the

same- way, as a mutation of the earth's axis would have niadc it, yet (it changing its decli-

nation but about half as much as ) Draconis in the same time, as appeared upon comparing
the observations of both, made upon the same days, at different seasons of the year) this

plainly proved that the apparent motion of the stars was not occasioned by a real mutation,
since, if that had been the cause, the alteration in botli stars would have been nearly equal.

" The great regularity of the observations left no room to doubt but that there was some
regular cause that produced this unexpected motion, which did not depend on the uncertainty
or variety of the seasons of the year. Upon comparing the observations with each other, it

was discovered that in both the before-mentioned stars the apparent difference of declination

from the maxima was always nearly proportional to the versed sine* of the sun's distance

from the equinoctial points. This was an inducement to think that the cause, whatever it

was, had some relation to the sun's situation with respect to these points. But not being
able to frame any hypothesis, at that time, sufficient to solve all the phenomena, and being
very desirous to search a little further into this matter, I begau to think of erecting aninstni-
ment for myself at Wansted, that, having it always at hand, I might, with the more ease and
certainty, inquire into the laws of this new motion. The consideration, likewise, of being
able, by another instrument, to confirm the truth of the observations hitherto made with Mr.
Molyneux's was no small inducement to nie ; but the chief cause of all was the opportunity
I should thereby havo of trying in what manner other stars were affected by the same cause,

whatever it was ; for Mr. Molyneux's instrument being originally designed for observing 7
Draconis, (in order, as I said before, to try whether it had any sensible parallax,) was so '

contrived as to be capable of but little alteration in its direction—not above seven or eight

minutes of a degree—and there being few stars within half that distance from the zenith of
Kew bright enough to bo well observed, he could not. with his instrument, thoroughly ex-

amine how this cause affected stars differently situated with respect to the equinoctial and
solstitial points of the ecliptic.

"These considerations determined me; and by the contrivance and direction of tho same
ingenious person, Mr. Graham, my instrument was fixed up August 19, 1727. As I had no
convenient place where I could make use of so long a telescope as Mr. Molyneux's, I con
tented myself with one of but little more than half the length of his, (viz : of about 12|- feet,

*" The versed sine of an ai-c A B of a circle is tho distance comprised between the ex-
tremity A of the arc and tho foot of the perpendicular, let fall from the extremity B on the

radius drawn to the point A.

10 s
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his beino- 24^,) jud""ing, from the expcrienco wbicli I already hud, that this nidiiis would hi?

long euough to adjust the instrument to a sufficient degree of exactness, and I have had Ui>

reason since to change my opinion, for, from all the trials I have yet made, I am very well

satislied that, when It is carefully rectified, its situation may be securely depended upon to

half a second. As the place where my instrument was to be hung in some measure deter-

mined its radius, so did it also the length of the arch, or limb, on which the divisions were

made to adjust it, for the arch could not conveniently be extended further than to reach to

about six and one-fourth degrees on each side my zenith. This, indeed, was sufficient, since

it gave me an opportunity of making choice of several stars, very different both in magnitude

and situation, there being more than two hundred inserted in the British catalogue that may
be observed with it. I needed not to have extended the limb so far, but that I was willing

to take in Capella, the only star of the first magnitude that comes so near my zenith.

"My instrument being fixed, I immediately began to observe such stars as I judged most
proper to give me light into the cause of tho motion already mentioned. There was variety

enough of small ones, and not less than twelve that I could observe through all seasons of

the year, they being bright enough to be seen in the day-time, when nearest the sun."

Bradley here enters into some details on the results which he obtained iu the

observations on difFerent stars. He then adds :

"When the year was completed I began to examine and compare my observations, and
having pretty well satisfied myself as to the general laws of the phenomena, I then endea-

vored to find out the cause of them. I was already convinced that the apparent motion of

the stars was not owing to a mutation of the earth's axis. The next thing that offered itself

was an alteration in the direction of the plumb-line with which the instrument was constantly

rectified ; but this, upon trial, proved insufficient. Then I considered what refraction might
do ; but here, also, nothing satisfactory occurred. At last I conjectured that all the pheno-
mena hitherto mentioned proceeded from the progressive motion of light and the earth's annual
motion in its orbit, for I perceived that, if light was propagated in time, the apparent place

of a fixed object would not be the same when the eye is at rest as when it is moving in any
other direction than that of the line passing through the eye and object, and that when the

eye is moving in different directions the apparent place of the object would be different."

Bradley examines then, in detail, the apparent positions which the start-

should have from the combination of the velocity of the earth with the velocity

of the propagation of light through space, and he finds a perfect agreement

between the results thus arrived at and those furnished by observation. This

change in position of the stars which he had studied Avith such care was there-

fore explained, and he Avas enabled also, from the magnitude of these changes

of position, to determine tlie ratio of the velocity of light to the velocity of

translation of the earth. In making this determination from the data given by
his observations on the various stars he had studied, ho arrives at very con-

cordant results, whence he concludes that the greater axis of the ellipse of aber-

ration, which is the same for all the stars, has an amplitude of forty and a half

seconds. It follows that the velocity of light is 10,188 times greater than the

velocity of the earth, (the mean velocity being understood,) so that the light

ought to take eight minutes and thirteen seconds to come from the sun to us.

Bradley, referring here to the discovery of lloemcr, says

:

" It is well known that Mr. Roemer, wlio first attempted to account lor an apparent
inequality in the times of the eclipses of Jupiter's satellites by the hypothesis of the progres-
sive motion of light, supposed that it spent about eleven minutes of time in its passage from
the sun to us, but it hath since been concluded by others, from the like eclipses, that it i.s

propagated as far iu about seven minutes. The velocity of light, therefore, deduced from
the foregoing hypothesis, is, as it were, a mean betwixt what had at different times been
determined from the eclipses of Jupiter's satellites."

After the discovery of Bradley, the progressive transmission of light became
an incontestable fact. Here we do not consider merely the perturbation affect-

ing the position of a single star as in the phenomenon discovered by Eoemer,
a perturbation that we might, iu truth, regard as really existing in the motion
of the satellite, although we might not be able to give the ultimate cause. But
in the new phenomenon discovered by Bradley we observe all the stars sub-
jected to a perturbation of the same nature, all following the same laws, and
not varying from each other, but by reason of their ditfer.mt positions relatively

to the ecliptic. This general perturbation, evidently owing to a single general
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cause, irrespective of each individual star, is explained most satisfactorily by
the hypothesis of the progressive transmission of light, and the result is in per-

fect accord with the deductions of Roeaier, from the observations of the eclipses

of Jupiter's satellites. Such an agreement of circumstances does not allow of

the least doubt as to the truth of Koemer's conception.

We will remark, in passing, that aberration, which is a result due to the com-
bination of the velocity of light with the velocity of the earth, in its annual

movement around the sun, furnished at the same time a proof in favor of the

system of Copernicus—a proof which had, up to that period, been vainly sought

in the annual parallax of the stars.

This phenomenon, discovered, studied, and so well explained by Bradley,

had not remained entirely unknown before his time. In fact, in the work of

Picai-d, entitled Voijage d' Urcmibourg, speaking of the diflPerent values which
Tycho had found, for the heiglit of the pole at his observatory of Uranibourg,

we read the following passage

:

"Besides that, there is an obstacle iu the way of the use of the polar star, (for determining

the heij^ht of the pole, ) which, from one season to another, experiences certain variations

which Tycho had not remarked, and which I obsei'ved nearly ten years ago, which consists

in this—that, although the polar star approaches continually the pole" by about twenty
seconds, it nevertheless happens that towards (he mouth of April the inferior meridian height

of that star becomes less, by several seconds, than it appeared at the preceding winter sol-

stice, instead of which it should have been greater by five seconds, and, consequently, in the

mouths of Augirst and September its superior meridian height is found to be nearly that which
it was observed to have in winter, and sometimes even greater, although it ought to have
diminished from ten to fifteen seconds ; but, finally, towards the end of the year all is com-
pensated, so that the polar star appears nearer to the pole by about tw-enty seconds than it

was before."

There is no denying that we have here the annual change of position due to

aberration. Picard adds, a little further on :

"To tell the truth, I have not as yet been able to imagine any explanation that satisfies

n^e.

Delambre, who cites these passages in his Hlstoire de VAstronomic Modernc,
t. ii, page G16, accompanies them with the follov/ing reflection

:

'

' When Koemcr, brought into France by Picard, measured the velocity of light, he little

imagined, notwithstanding the identity of the annual period, that his discovery had anything
in common with those variations which had lor so long troubled Picard, who, no doubt, had
often spoken of them."

In the two phenomena, of which we have successively spoken, the progres-

sive transmission of light does not play the same part. If the observations of

the eclipses of Jupiter's satellites unveiled to lloemer a periodic perturbation,

agreeing v/itli the successive augmentations and diminutions of the distance of

Jupiter from the earth, that is owing to the time the light employs to traverse

the earth's orbit; the velocity of the earth has nothing to do with the ampli-

tude of the phenomenon, which depends entirely on the dimensions of its orbit.

In the phenomenon of abei'ration, on the contrary, it is the velocity of the earth

which is principally concerned ; and it is of little consequence whether its orbit

be small or large. If we transport ourselves in thought to the planet Mars,
which describes an orbit of larger dimensions than the earth, but which at the

same time moves with a less velocity, we will sec that the two phenomena of

which we speak will vary as to their magnitude in an inverse manner : the

eclipses of the first satellite of Jupiter will appear to experience a greater per-

turbation, and the aberration of the stars will be less. The contrary will happen
if we place ourselves on the planet Venus, which has a greater velocity of

translation than the earth, and runs over a smaller orbit: the aberration of the

* On account of the precession of the equinoxes.
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stars will bo augmented, and the eclipses of the lir.«t satellite of Jupiter will

present in their succession a smaller perturbation.

The observation.:! of the immersions of Jupiter's satellites ])rescnt some un-

certainty, as these bodies traverse the penumbra ot Jupiter before entering the

pure umbra; so that in their movement around the planet, the Litier screens them
gradually from the sun's rays until they arc completely cut off; so that the

light of a satellite in eclipsing, insensibly decreases to total extinction. The
time of the satellite's eclipse may therefore vary, according as we make use of

a telescope of greater or less power, and as the atmosphere is more or less

transparent. The same remarks apply to the emersions of t!i3 satellites. On
?;hc other hand, in supposing that the times of immersions and of emersions

have been exactly observed, it is further necessary, in the irregularities which

the succession of tiicse phenomena present, to eliminate what is due to the eccen-

tricity of the orbit of the satellit<\ and to the perturbations with M'hich it is

really affected, from what is but an appearance arising from the progressive

transmission of light. It is for these reasons that the first satellite is selected

as the most proper to furnish the data for the determination of the velocity of

light; the greater velocity of its motion and the small depth of the penumbra
-at the point where it crosses it, causes it to lose its light more rapidly than the

other satellites; also the almost entire absence of eccentricity in its orbit renders

its motion more regular, and thus gives more prominence to the irregularity due
to the time that the light takes to traverse the orbit of the earth. But we can

never arrive at but a rough approximation of the velocity of light as deduced

from the observations of the eclipses of this satellite, as Bradley has shown in

the last paragraph cited from his letter ; since the results arrived at by this

means, for the time employed by the light to come from the sun to the earth,

varies from seven to eleven minutes.

The phenomena of aberration furnish far more precise data for the determin-

ation of the velocity of light. As all the stars arc affected by aberration, wo
can multiply at will observations which have a great degree of precision.

Bradley estimates that the error in his determination of eight minutes and thir-

teen seconds for the light to travel from the sun to the earth cannot exceed
ten seconds.

Employing the most exact means of modern science, Mr. "W. Struve, director

of the Central Russian Observatory, near St. Petersburg, made numerous ob-

servations during three years (from April, 1840, to the end of 1842) to obtain

the exact value of aberration. In discussing these observations, he found that

the half of the greater axis of aberration, which is the same for all stars, has
an amplitude of 20.45 seconds; whence it results that the velocity of light is

10,089 timoo greater than the mean velocity of the earth in its orbit.

The earth employing 305^ days to run over its orbit, light takes i0,0S9 times

less, namely 52 minutes and 8 seconds, to go over a line of the same length
;

and regarding that orbit as the circumference of a circle, we have but to divide

52 minutes 8 seconds by twice the ratio of the circumference to the diameter

(3.1416,) to have the time employed in traversing its radius—that is to say, the
mean distance of the sun from the earth, \Ye thus find 8 minutes IS seconds
the number which is now adopted by all astronomers.
The observations of the eclipses of Jupiter's first satellite, and those of the

phenomena of aberration, lead directly, as we have just seen, although with a
different degree of approximation, to the determination of the time light occupies
to run over the mean distance of the sun from the earth. To deduce from this

the absolute value of the velocity of light referred to our ordinary units of
length, the metre, (the foot or the mile,) we must know how many metres (miles)

are contained in the distance from the sun to the earth. The value of this

distance is found by means of the parallax of the sun; wc designate thus tho
angle under v/hich, being at the sun's centre, \Vc would see the radius of the
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earth. The suu's parallax, calculated from tlie observations of the las3t transit

of Venus over the disk of the sun in 1769, is fixed at 8.57 seconds ; hence the

distance of the sun from the earth is equal to 24,109 times the radius of the

earth, or to 153,500,000 kilometres (or to 95,384,000 mile?.) As this length

is run over by the light in 8 minutes 18 seconds or in 498 seconds, Ave conclude
tiiat the velocity of light is 308,000 kilometres (or 191,391 miles) in one second.

However, for some years several circumstances have conspirea to make us

believe that the determination of 8.57 seconds given as the value of the sun's

parallax is too small, and that tlie paralla.x ought to ha augmented by .i quaxr-

tity not less than the thirtieth of its value, Vf'hich would elevate it to about 8.9

seconds. From this increase iu parallax- results a diminution in the earth's dis-

tance from the sun, and con.'^equently in the distance gone over in 8 minutes
18 seconds by the light; the velocity of light will therefore be reduced to a little

less than 300,000 kilometres (or 186,420 miles) in a second. The next transit

of Venus,* which will happen in 1874, cannot fail to set at rest all doubts which
may yet remain on this point.

THE EXPERLME\T PROJECTED UY ARAGO TO DETERMINE THE VELOCITY OF
LIGHT, f

The velocity of light, discovered and determined by the labors of which we
have just spoken, was entered as an established fact among the truths of sci-

ence. Further researches could at most only lead to a greater precision in its

determination, already approximated so closely by Bradley. The magnitude
of that velocity, so great that in one second it runs over more than seven and a

half times the circumference of the earth, Avould cause us to consider the

dimensions of the earth as far too small to serve as a basis for an experimental

determination of its value ; the incomparably greater dimension of the earth's

annual orbit Avas not more than sufficient to reveal to Iloemer, from his' obser-

vations of the eclipses of Jupiter's first satellite, that prodigious velocity, and
Ave Avould naturally think tliat the measure of the A'elocity of light, Avhich.

from its nature, really belougs to the province of experimental physics, would
never depart from the domain of astronomy. Nevertheless, as wo Aviil soon

see, this recently did take place in the most brilliant manner.
The first step in this direction Avas the most diiScult to make, and it required

.all the daring of genius to attempt it. TVe find it in an experiment projected

by Arago, and communicated to the Academy of Sciences of Paris during its

meetitig on the 3d of December, 1S3S. In the project it Avas not as yet pro-

posed to measure the velocity of light, but simply to compare the velocities

Avith Avhich light moves in aii*, or in a liquid such as Avater, or bisulphide of

carbon ; it Avas proposed to find by (experiment Avhich of these two velocities

Avas the greater, Avhich Avould decide in an irrefutable manner betAvecn the two
systems imagined by physicists to explain optical phenomena, viz : the system

* The observation ol the trausit of the planet Venus ttcro^;3 the disk of the sun is by far the

most precise means that Ave can employ to dciemiiuo the A'ulue of liie parallax of the sun.

t Before proceeding further in the perusal of the essay of M. Delaunay, it is necessary
that all Avho have not given especial attention to the study of recent optical research, and
Avho desire to appreciu* the beau'^y and importance of the remainder of this essay, should
understand why light should move faster iu Avater than iu air according to the emission
theory, and slower iu Avater than in air according to the iindulatory theory. This is not
explained by the author, and Avithout this knowledge it is impossible to appreciate the

e.Kcellence of these classical expeiiments of Arago, of i'lzeau, aud of Foueault.

We Avould advise the above class uf readers to study the points hero spoken of iu the

"Lectures on the Undulating Theory of Ijight," by Proicssor Barnard, Smithsonian Keport
for 18GJ. In the admirable "Traite de Physifjue," by Daguin, Paris, J8d2, aud in Pouillet's

"Truite de Physique," aa-IU be found detailed accounts of the apparatus mentioned iu this

essay, illustrated v/ith engravings. The oiiginal meuroirs in the transactions of ihe Academy
of Sciences of Paris should also bo consulied.— 2'r.
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cf er.iissiou and that of vibration or undulation. ^Y^i cannot do better than

here allow Arago to speak for himself. The following io what \iq says in the

notice printed in the proceedings of the meeting :*

"Ipropcsoto show in this commuuicatiou how it is possible to decide, unecpiivocally,

whether light be composed of little particles emanating from radiating bodies, as Newton

supposes, ami as the greater part of modern geometers adaiit; or whether it is simplv the

result of the undulations of a very rare and very elastic medium which physicists have

ao-reed to call ether. The system of experiments which I am about to describe' will no

lono-er permit, it seems to me, to hesitate between these two rival theories. It will decide

mafhcniatically, (I use designedly this expression;) it will decide mathematically cue of the

grandest and most debated questions of natural philosophy.

"Besides, my communication is the fuihlliug of a sort of engagement to the Academy 1

accepted at one of its last secret sittings.

"I discussed the admirable method, by the aid of which Mr. Wheatstone attempted the

solution of the problem of the velocity of electricity over metallic conductors. I had hardly

terminated the enumeration of the important results obtained by that ingenious physicist,

when several of our members, whose names are authority in such matters, stated that my
report was far too approbative. 'In supposing it well determined, the inferior limit assigned

by Mr. Wheatstone \o the velocity of electricity will not have,' said one, 'any marked
influence on the progress of the sciences ; besides, limits of the same order, and even more
'xteusive, can be deduced indirectly from various electric or magnetic phenomena. As to

che method of the revolving mirrors, it does not seem to be susceptible of application, but to

the simple questions already studied by the inventor.' I tried to refute this last opinion. I

believed myself that the new instrument, suitably modified, would lead to results that Mr.

Wheatstone was not aware of. I already foresaw that, even in supposing it enclosed in

the narrow limits of a small room, it coulcl serve to measure the comparative velocities of

light moving through air and through a liquid. I was not slow in learning, and without

having hardly the right to be astonished or to complain that my assertion had been received

with incredulity. Nevertheless, I intend to vindicate it to-day in all its ])arts.

"Principle of the method: Let a ray of light fall upon a plane polished mirror; it will

be reflected, as eveiy one knows, in tbrmiug with the surface of the mirror an angle of

reileciion exactly equal to the angle of incidence.

"Let us now suppose that the mirror turns th.rough an arc a around the point of its

surface from v^hich ttie reflection takes place. If this motion, for example, increases by the

quantity «, the original angle of incidence, it will diminish as much the original angle of
reflection. The latter will, therefore, after the displacement of the mirror, be smaller than
the first by the quantity 2a; thus it must be increased 2a to render it equal to the new angle

of incidence; hence that angle increased 2u will give the direction of the reflected ray in the

second position or the mirror ; aud thus the incident ray remaining the same, an angular
motion a of the mirror occasions a double angular motion in the reflected ray.

"This mode of reasoning applies as well to the ca?e where the motion of the luirror,

acting in a contrary direction, would diminish the first angle of incidence. The principle

is, therefore, general ; and it is also that of all reflecting nautical iustrimients.

"The reflection from the plane mirrors cau serve to project the luminous rays iu all parts of
space, without, however, altering the relative positions ; two rays parallel before reflection

will be parallel after their reflection ; those at first inclined to each other J minute, 10
minutes, or 20 minutes, &c., ^vill form ijrecisely the same angle after l!ie reflection has
deviated them. •

" Instead of a single ray, let us consider two horizontal rays setting out horn two neigh-
boring points situate iu the same vertical. Admit that they strike on two points of the
median line (also vertical) of a plane vertical mirror. Suppose that this mirror revolves ou
itself uuiibrmly and in a continuous maimer around a vertical axis whose prolongation
coincides with the median line just mentioned, the direction in which the two horizontal
lines will be reflected will depend evidently upon the moment they may reach the mii'ror,

since we have supposed that Id turns. It' the two rays have set out simullaneoubly from the
tico contiguous radiating points, they will also reach simultaneously the mirror. Their
reflection will take place at the same instant; consequently iu the same position of the
turning surface; consequently as it that surface was stationary with respect to them.
Theretbre their primitive paralielisra will not be changed.
"In order that the rays which primitively were puiallel may diverge after their reflection,

it is necessary that oue of them should arrive at the mirror later than the other. It is

necessary that in its course from the radiating point to the reflecting and turning surfact;,
the velocity of the ray should hi accelerated, or what ^viil be precisely the same thing, it is

necessary (the velocity of the first ray remaining constant) that that of the second should
experience a diminution. It is necessary, finally, that the two rays should be reflected oue
alter the other; and, consequentl}% from two distinct positions of the mirror, forming ^^ ith
each other a sensible angle.

Comptes Ecndiis dos Seances do I'Academie des Sciences, t. vii, p. 9">4.
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"According to the theory of emission, light moves iu water notably faster than in air.

According- to the wave theory, it is precisely the opposite which takes place : the light

moves faster in air than iu water. Suppose that one of the rays (the upper ray, for example)
has to traverse a tube tilled with water before it strikes the mirror. If the theory of emission
be true, the upper ray will be accelerated in its progress; it will reach the mirror first ; it

will be reflected before the lower ray ; it will make with it a certain angle, and the direction

of the deviation will be such that the lower ray will appear in advance of the other, that it

will appear to have been deviated more by the turning mirror.

"Circumstances remaining the same, let us admit for a moment the truth of the wave
.system. The tube of water ^>'ill retard the progress of the upper ray; the ray will arrive at

the reflecting mirror after the lower ray ; it will be reflected not the first, as in the former
case, but the second in order, and from a position of the polished reflecting face in advance
of the position it had when it reflected the upper ray a moment before ; these two rays will

make with each other the same angle as iu the other hypothesis, except (and we should well
remark it) the deviation will take place precisely in an opposite direction ; the upper ray
will now be in advance, always indicating thus the direction in which the mirror revolves.

" To recapitulate: two radiating points, placed near each other on the same vertical line,

flash instantaneously before a revolving mirror. The rays from the upper point cannot reach
the mirror until after traversing a tube tilled with water ; the rays from the second point
arrive at the mirror without meeting iu their course any other medium than the air. To be
more definite, we will suppose that the mirror, seen from ihe position the observer occupies,

tiu'ns from the right to the left. Well, if the theory of emission be true ; if light be material,

the upper point will appear to the left of the lower point. It iclll appear to its right, on the
contrary, if light results from the vibrations of an ethereal medium.

"Instead of two isolated radiating points, suppose that we instantaneously present to the
mirror a vertical lunrinous line. The image of the upper part of this line will be formed by
rays which Iiave travorsed^the water ; the image of the lower part will result from tbe rays
which have throughout their whole course traversed the air. In the revolving mirror the
image of t!ie single Ime will appear broken; it will be composed of fjco vertical luminous
lines, of two lines, which will nut be prolongations of each other.

"The upper rectilinear image, is it behind the one below .' Does it appear to its left ?

" Light is a body.
'• Does tlie contrary take place ? Tlic upper image, does it show itself to the right ?

" Light is an undulation.

"All that precedes is thepretically, or rather speculatively exact. Now, (and here is the
Jelicate point, ) it remains to prove that, notwithstanding the prodigious velocity of light,

that notwithstanding a velocity of 190,000 miles a second, that notwithstanding the small
length that we will be obliged to give to the tube filled with liquid, that notwithstanding the
limited velocities of rotation that the mirrors will have, the comparative deviations of the
two images, towards the right or towards the left, of which I have demonstrated the exist-

ence, will be perceptible in our instruments."

Avago theu enters into the most minute details of all the parts of the experi-

ment : the velocity of rotation that can be given to a mirror, the visibility of

the image formed by light after having traversed the necessary length of liquid,

the possibihty of reducing that length of liquid, or the velocity of rotation of

the mirror by employing simultaneously several rotating mirrors from which
the light would be successively reflected, and also in substituting for water
bisulphide of carbon, which acts more powerfully on the velocity of the light,

are, on his part, the objects of a thorough examination. He then terminates

thus

:

" Suppose in the experiment that I propose to execute wo make use of electric sparks, or

of lights successively screened and unscreened by the use of rotating disks, as their emis-
sions should only last during a few thousandths of a second, it may happen that an observer,

looking in the mirror from a given direction, and with a telescope of limited field, will only
by chance perceive the light. To this I immediately reply that in renewing very often the

apparitions of light—every second, for example—that if, instead of a single mirror, we rotate

a vertical prism of eight or of ten facets, that with the concurrence of several observers,

placed in different directions, and each with liis telescope, we cannot fail to have numerous
and clear apparitions of the reflected rays. But these are details on which I shall not dwell
to-day. I will reserve for another communication the exposition of the system of experi-

ments iu which we will render sensible, and in which we will measure, to a certain degree,

the absolute velocity of light without having recourse to celestial phenomena."

After the publication of this remarkable uotico we could not doubt the suc-

cess of the exjjeriment it detailed. Bat, not to interrupt the chronological order,

we shoidd speak first of an entirely different experiment, by which the direct
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measure of tlie velocity of liglit was first ixccomplislied on tbe surface of the

earth.

MEASURE OF THE VKLOCITY OF LIGHT, BY M. FIZEAU.

If we refer to the first pages of this essay we will there see indicated a very

simple means that v/as first mentioned as suitable for the determination of the

velocity of light, a method which would certainly have long ago furnished the

value of that velocity if the transmission of light in space Avas not efiected

with such amazing velocity. It is this method, barely modified, that M. Fizeau

has put into practice, and which he has rendered completely successful by
employing a process as simple as ingenious for measuring the excessively short

time that the light takes in running over a distance of several kilometres, or a

few miles.

We have supposed that two lamps, A and B, were placed at a distance of

several kilometres from each other, and that we shut off suddenly the light of

A by means of a screen, then the very instant that the disappearance of the

lio'ht of the lamp A was perceived at B, we screened B likewise, the interval

of time which elapsed between the instant th;it the lamp A was screened and
that when the disappearance of the light of lamp B was perceived at A is

evidently the time employed by the light to run over twice the distance which

separates the lamps. M. Fizeau replaced the lamp B by a mirror destined to

receive and to reliect perpendicularly to its surface the light of the other lamp-

In this manner the observer stationed near the lamp A, ami looking at the

mirror just spoken of, ought to see the image of the lamp A; if this lamp is

suddenly screened he should sec its image disappear iu the mirror, not imme-
diately, but after a certain interval of time—that which the light takes to run

over double the distance of the lamp from the mirror.

To measure the interval of time spoken of M. Fizeau made use of a disk

toothed at its circumference like a cog-wheel, so that this disk presented on its

periphery a succession of equal intervals alternately open and closed. If we
rapidly turn such a disk in its plane and around its centre, the closed and
open spaces formed by the cogs and the intervening openings will pass suc-

cessively before the same point in space, and the time employed by each tooth

or by each opening to come to the place previously occupied by a tooth or by
an opening can easily be reduced to a very small fraction of a second. In
placing the apparatus so that the teeth of the turning disk pass in succession

before the light of the lamp near the observer, these teeth will act like screens

which periodically intercept the light. If tlie time employed by each opening
to come to the place occupied by the next preceding cog or tooth is j^recisely

that required by the light to go from the lamp to the mirror and from the mir-

ror back again to the lamp, the observer, stationed quite near to this lamp and
looking through the openings of the turning disk as they pass before his eye,

ought to see through each opening the extinction of liglrt caused by the
passage of the preceding tooth before the lamp. This eclipse of the lamp,
produced during the whole time of the passage of the tooth before its light, is

percei'Ved by the observer during the whole time of the transit of the following
opening ; and as the light of the lamp v.'heu it passes through an opening of
the disk, after its reflection from the mirror, meets the tooth which is now in

the place of this opening, it follows that the observer does not perceive at all

the image of the lamp in the mirror during all the time that the disk revolves
with the special velocity with which we have supposed it endowed.

After what has just been said it is easily understood what will happen when,
the apparatus adjusted, we commence by giving to the disk a gradually in-

creasing velocity of rotation. The disk fir;;t turning with an extreme slowness,
the observer, who has his eye quite near the side of the Limp and who looks
in the direction of the mirror, sees the teeth and the openings of the disk sue.
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cessively pass before him ; vfhon uu opening passes, tlie light of ihc lamp
passes through, falls on the mirror, and comes back to the eye in passing

through the same opening which has hardly been displaced during its passage

;

soQn a tooth presents itself, the light of the lamp is intercepted, and the eye
sees nothing more ; a new opening follows the tooth, and the eye receives the

light reflected from the mirror, and so on continuously ; the eye, therefore, re-

ceives the light in an interrupted manner, v/ith a series of extinctions caused

by the passage of the teeth of the disk. If we increase the velocity uf rota-

tion of the disk these successive apparitions of the light are brought uearei-

and nearer to each other, and as the impression caused by the light on the

retina lasts some time, about the tenth of a second, after the light has ceased

to penetrate the eye, when the velocity of the disk is so great that each tooth

takes less than one-tenth of a second to pass before the eye, the sensation pro-

duced by the light which has passed an opening has not yet vanished when
the f.dlowing opening arrives and renews it; therefore there is no interruption

in the sensation, and the eye sees the light of the lamp reflected from the mir-

ror without any intermission ; only the intensity of that permanent light which
it perceives is notably weaker than it would be if the teeth of the disk did not

pass before the lamp, since the half of the light which it emits in the direction

of the mirror is intercepted by the teeth which pass successively before it.

AVhen this continuity in the light is obtained by a sufficient velocity of the

disk, we are yet flir from the particular condition indicated above as giving the

experiment which can serve to determine the velocity of light ; the light which
passes from the lamp through an opening of the disk can be reflected from the

mirror almost without loss, and return to strike the eye after having passed the

same opening; the last portion of this light, that which is emitted when the

following tooth is on the point of passing before the eye, can alone be inter-

cepted by this tooth when they return from the mirror to the eye. If we still

continue gradually to increase the velocity of the disk, these last portions of

the total light emitted through an opening which are intercepted in their return

by the follov/ing tooth, increase little by little in importance relatively to that

total quantity of light, and in consequence the intensity of the light received

by the eye gradually decreases. Finally, when the velocity of the disk has
so increased that the time employed by its circumference to progress a distance

equal to the bi'eadth of an opening or of a tooth equals the time the light

employs to go from the lamp to the mirror and back again to the lamp, the eye
perceives nothing at all. The light sent by the lamp in the direction of the
mirror is completely intercepted by the teeth of the disk, as follows : half by
the anterior faces of these teeth as they pass before the lamp, and the other
half by the posterior faces of these same teeth after the light, having traversed

the openings, is reflected back by the mirror. If we increase yet more the

velocity of rotation of the disk, each tooth passes too rapidly to intercept the
whole of the returning light which passed through the preceding opening and
Avas sent back by the mirror ; a portion of that light can therefore j^ass through
the opening which follows that tooth and strike the eye, Avhich begins again
to perceive feebly the image of the lamp in the mirror. The velocity of the
disk still increasing, the intensity of the image increases also uutil the disk
turns twice as rapidly as it did the moment the eye perceived no light. Now,
in fact, all the light which has passed through an opening meets on its return
from the mirror the following opening which has taken the position of the first,

and it can enter the eye without the disk intercepting the smallest portion. It

is easy to see that, by still adding to the velocity of the disk, the image of the
lamp, seen b}'" reflection in the mirror, again commences to become f;iint, again
to be totally eclipsed, to reappear again, and so on as far as it is possible to

give increased velocities to the disk. If we observe with care the instant when
the first of these successive eclipses is completely produced, and if avc then
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measure the velocity of rotation of the disk, we can easily calculate the time

required by a tooth to take the same position as was just before occupied by

.the next preceding opening ; and, as this time is precisely that employed by

the light to run over twice the distance of the mirror from the lamp, it is easy

thence to deduce the value of the velocity of light. Such is, in principle, the

mode of arrangement of the apparatus of M. Fizeau. We will now give such

an account of the details as will convey a clear idea of this apparatus.

In the explanation which precedes, we have supposed that the eye of the

observer is placed very near the lamp and looks in the direction in Avhich the

lamp sends its light to the mirror, so that the incident ray, setting out from the

lamp, and the reflected ray, coming back from the mirror, to strike the eye, follow

one and the same path. Such conditions seem very difficult to obtain ; but all

difficulty disappears by using a transparent glass plate, which, being inclined

45 degrees on the direction of the luminous rays, reflects to a right angle a

part of these rays from its surface, whilst the remaining portion traverses it

without change of direction. Such a glass plate being placed before the eye,

with an inclination of 45 degrees on the line drawn from the eye to the mirror,

the lamp can be placed laterally, so as to send its light on the glass perpen-

dicularly to that line ; the glass reflects towards the mirror a portion of the

light it thus receives from the lamp; that light, after being reflected, returns

to the glass plate, part of which passes through it to reach the eye.

Rays of light which emanate from a luminous source diverge to all points

around their place of origin ; it follows that the further a given surface is from

the source of light, the less it must receive. If we therefore do not adopt some
particular means in the exj)eriment we are engaged in, the mirror, placed at

several kilometres from the lamp, will receive only an insignificant quantity of

light ; moreover, only a very small part of that light will come back to strike

on the eye, so that we would really perceive nothing. In order that the light

may not thus be lost in surrounding space by the divergence of its rays, we
employ converging lenses placed one near the source of light and the other

near the mirror. These lenses are so disposed that the rays radiating from

the lamp, after having traversed the first lens, become parallel and form a

beam which falls without loss upon the second lens ; after having passed

through the second lens and converged towards its focus, where is placed the

mirror, they are reflected, come back to the lens, which renders them anew
parallel for their return to the point of departure ; then they pass through the

first lens, which causes them again to converge, and finally they are viewed
by the eye aided with an ocular. In fact, the two converging lenses of which
we speak are objectives of two telescopes placed at the two extremities of the

distance over which the light ti'avels, and directed towards each other so that

the image formed by the objective of the one is seen at the focus of the other.

It is in the interior of the first telescope, between the focus and the occular,

that is placed the transparent glass plate inclined 45 degrees, of which we
spoke above, to receive and to reflect along the axis of the telescope the light

of a lamp placed on the side. As to the mirror which sends back the light

to its point of departure, we place it exactly at the focus of the second tele-

scope. ]\I. Fizeau, in his notice read before the Academy of Sciences, (meeting
of July 23, 1849,) says :

" This arrangement succeeds very well, even when the telescopes are separated by con-
siderable distances. With telescopes of 6 centimetres {2-^^- inches) aperture, the distance can
be 8 kilometres (nearly 5 miles) without the light becoming too feeble. We thus see a
luminous point like a star, and formed by the light, which, setting out from this point, has
traversed a distance of ]C kilometres, (nearly lU miles,) then returned and passed exactly
thi'ough the same point to reach the eye.

"It is exactly at this point that the teeth of the revolving disk must pass to produce the
effects spoken of. The experiment succeeds very well, and we observe that, according to the
greater or less velocity of rotation, the luminous point shines brilliantly or is totally eclipsed.
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In the circumstances in which the experiment was made, tlie first eclipse was produced in

about ticelve turns and six-tenths of a turn in one second. "With double the velocity the star

shines again; with a triple velocity a second eclipse takes place; for a quadruple velocity

the point shines again, and so on.

" The first telescope was placed on the terrace of a house at Suresnes, near Paris; the

second on the heights of Montmartre, at an approximate distance of 8,633 metres, (28,516
feet, or 5.3645 miles.)

"The .disk, carrying 720 teeth, was attached to wheel-work moved by weights, and con-
stmcted by M. Froment ; a register gave the number of revolutions. The light was obtained
from a lamp so disposed as to give a very bright beam."

M. Fizeau, by repeating several times liis experiment, found for the velocity

of light a value which differed but little from that previously deduced from
astronomical phenomena ; the mean of tv/enty-cight observations gave him a

velocity of 70,948 leagues of 25 to the degree, or of about 315,000 kilometres

(195,741 miles) in one second of time.

The publication of this magnificent experiment was an event in science.

The project developed by Arago before the Academy, iu 1838, had shown the

possibility of rendering appreciable the progressive transmission of light in

space,, and demonstrated that it would have to run over but a very short dis-

tance on the earth's surfece to determine thus its velocity. The experiment
of M. Fizeau, formed on an entirely different plan, realized for the first time

so daring an idea, and furnished at the same time a determination of the ve-

locity of light, whose agreement with that which astronomers had arrived at

from sidereal observations Avas as satisfactory as one could desire for a first

attempt of the kind.*

REALIZATION OF THE EXPERIMENT OF AUAGO, OX ONE HAND BY M. FOUCAULT,
ON THE OTHER BY MM. FIZEAU AND BRKGUET.

For nearly eleven years the proposed experiment of Arago had remained as

an ingenious suggestion when the labors of M. Fizeau awakened the interest

of the learned world in problems of this nature. Some mouths later (meeting

of April 29, 1850) Arago again requested for it the attention of the Academy.
After having referred to the object of the notice printed iu the Comte Rendu,
of the meeting of December 3. 1838. he added :

"That comjiiunicatiou established that, according to readily admitted hypotheses as to

the angular deviations susceptible of being observed in an ordinary telescope, it would not
be impossible to determine the comparative velocity of light in bisulphide of carbon and in

air, without having recourse to an extreme length of tube, or to a mirror, making more than
1,U00 tm^ns in a second. But the mirror which M. ^Yhealstoue used made only HW turns in

the tame interval of time.

"It was evident that iu this method of observation, and for a given angular deviation, the
length of tube containing the liquid ought to be so much tlie shorter, as the movement of
rotation of the mirror is more rapid. This is the reason I propose to add to this deviating
}notion of rotation, which cannot surpass certain limits, a couibination of several revohing
mirrors.

"The two rays (one having traversed the liquid, the other the air) strike the fii'st mirror,

and form a certain angle ; this angle is doubled when the rays fall upon a second mirror
turning in the same direction with the same velocity; the angle is tripled if these rays are
reflected from a third revolving mirror, and so on. We can thus, by the multiplication of
the revolving mirrors, arrive at t!ie same result given by a single mirror turning with a
double, triple, &c., velocity of that which it is possible to obtain with the certainty of not
destroying the teeth of the wheel, or of overheating the axis.

" ily friend, M. Breguet, jr.. undertook to acco riplish this end by means of a mechanism,
in which the communication of motion was given by wheel-work. He executed a special

arrangement of cog-wheels, the invention of which is due to White. At one of the termer
industrial exhibitions could be seen the system of these movements.

* It was for this experiment of Suresnes that the Institute of France awarded to M. Fizeau,
at its annual meeting of 1856, the triennial prize of thirty thousand francs, founded by the

Emperor for the tcor/c or the discovery ichich, in the opinion of the Jive academics of the Insti-

tute, has done most honor aid service to the country.
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"In observin"- the imag-e reflected by the mhror attached to tbe third piece of wheel-work,

the effects obsen-ed should bo identical with those which should be given by a revolving

mirror making 3,000 turns per second. From tliis moment the success of the projected

experiment was placed beyond doubt. It w^as only to be regretted that, by the three suc-

cessive reflections from three ditterent mirrors, the light uccessariiy experienced a considera-

ble loss in intensity. It was, thoielore, des'rable to arrive at the result by a single rctlection;

and it is to this that the cxpenmenls which I am going to relate seem to lead.

"In his investigations into the caur,cs Avhich prevented us revolving a mirror more than

1,000 turns per second, M. Breguet proposed to relieve the last, axis of the weight of the

mirror with which it was charged, to turn the axis alone; and he succeeded, not wiihout

surprise, in giving to this axis 8,000 turns per second. The obstacle w^hich prevented us

giving the same axis, when it carried the muTor, a velocity greater than J,000 turns per

second appeared evident. It was, one would think, the resistance of the air. I myself,

thought of the existence of that cause, and ail our though s Avere directed to the means of

revolving the mirror in a vacuum. We immediately constructed a metallic receiver destined

to hold the revolving apparatus. This receiver had several apertures, of which one was to

o-ive entr;iuce to the rays of light after having traversed the two columns of air and of liquid.

Before the others were to be the objectives of the telescopes, with which to observe the

rays reflected by the rotating minor, the necessary communications were established by
means of stufiing-boxes between the apparatus and the driving weight. A special tube put

the interior of the receiver in communica-tion with an air-pump.

"All was arranged and ^ilaced upon a stone column in the meridian room of the observa-

tory. It only remained to make the ob.servaiion.
***»*»* xhe

mirror, contiadictmg all our anticipatioas, turned hardly any faster in the vacuum than in

rhe air. I'hls circumstance aga'.n showed the truth of the proverb, "Le mieux est I'ennemi

du bien:" (Detter is the enemy of good enough.) it was necessary to think of return-

ing to the tirst apparatus composed of three pieces of wheel-work and of three separate

mirrors, the apparatus which i had given up only to obtain a greater intensity in the

reflected ray.

"I w^as convinced of- the necessity of going back to the first method of experiment at the

time when my enfeebled sight would not allow me to irndertake it. My pretensions, there-

fore, ought to be limited to having proposed the problem, and of having given the certain

means of solving it. These means may, during its accomplishment, experience modifica-

t.ons, v/liich will render them applicable, with more or less facility, without changing their

essential character.''

After some details, wLicli it is iLseleiss to srive here, Ara."'o adds :

"As to myself, if I have delayed a long time the realisation of that which I had announced
that has been owing in largo part to the obligations which M. Breguet, my collaborator, had
contracted with the govtnnment for the supply of electric telegraphs, and to the desire that I
had to operate, as I have already said, with a mirror making 8,0i;0 turns per second.

"Probably, also, I may remain content with the thought that no cue will execute, with-
out my authorization, an experiment founded on jjrincipies and methods of execution which
1 liave exposed to the world in their most minute details.

" M. Bessel, after my publication in the Cuinpic lU-.idu, announced to me that he had
thought of a modification of my apparatus composed of three successive pieces of whoel-
work, each carrying a mirror. He receives the image leilected by the first rotating mirror
not upon a second revolving mirror, but upon a fixed miiTor, which sends the ray back to
the first mirror. After this second reflection, the rays fall again upon a fixed mirror, from
which they are reflected a third time to the turning niirror, »S:c. It is after the last reflection
from the single revolving mirror that M. Bessel proposes to measure the angular departure
of the ray. Tliis method, more simple than the one i proposed, in so far as it required only
one piece of wheel-work, had the very grave inconvenience of diminishing much more the
light, since he had more reflections from the mirrors than in the other method. * « *

"M. Silbermann, without knowledge of the prior communication of M. Bessel, made me
a proposition similar to that of the illustrious observer of Koenigsberg.

"Things were in this state when M. Fizeau determined by his so ingenious experiment
the velocity of light in the atmosphere. That ex])eriment was not indicated in my memoir.
The author, therefore, had the right to make it without exposing Inmself to the slightest
reproach for want of due consideration of the rights of others.

''As to the experiment on the comparative velocity of light in a liquid and in air, the
author wrote to uie: "/ Aatc not ijtt made any attempt in that direction, and I will not
occupy myself with it but on your formal invitation. This loyal reserve could only add to
the esteem with which the character and the works of M. Fizeau had inspired me, and 1
willingly authorized M. Breguet to lend him one or several of my rotating mirrors.
"M. i'\)ucault, who.se inventive genius is well known to the Academy, came also to

inl'orm ma ot the desire he had to submit to the test of experiment a modification which he
Lad devised in my app.iratus.
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" I can only, in the present condition ot" my sight, accompany with my good wishes the
experimenters who desa^o to follow my ideas, and to add a new proof in favor of the wave
system to that which I have deduced from a phenomenon of interference too well known to

physicists to need recalling here."

Tho communication of Arago, of which we have here given the principal part.?,

wag hardly printed in the Comptc Rendu, of the meeting of April 29, 1850,

when the Academy received, at the following meeting, (May 6.) two important
communications on this subject, one of M. I'oucault, the other of MM. Fizeau
and Brdguet. M. Foucault announced that he had realized with entire success

the beautiful experiment projected by Arago ;* he made known at the same
time the modifications he had given to the mode of arrangement indicated by
the illustrious perpetual secretary of the Academy, a modification which had
allowed him to arrive at this important result, which gave entire evidence of

the truth of the theory of undulation as opposed to that of emissioii. MM.
Fizeau and Breguet had not progressed so far ; they announced to the Academy
that their apparatus was adjusted and ready to work, and also showed in what
this apparatus differed from the original arrangement of Arago. Finally, a
few Aveeks later, June 17, they returned to announce to the Academy that

they likewise on their part had made this remarkable experiment ; the result,

agreeing with that of M. Foucault, was in favor of the theory of undulation.

Two important modifications had been made by M. Foucault in the arrange-

ment of Arago's apparatus. The first of these changes had for its object to

rendef the realization of the experiment incomparably easier. It is remem-
bered that, in the experiment of Arago, the light had to set out, so to say,

instantaneously from two luminous points, or rather from a luminous line

shining only during an excessively short time ; that one beam of that light,

after having travelled in the air, and the other beam in a liquid, were to fall

upon a mirror endowed with an excessively rapid movement of rotation ; that,

finally, after being reflected from this turning mirror, they should arrive at the

eye of the observer, furnished for that purpose with a good telescope. The
direction of the ray could very easily be determined in advance, since it was
tliat of a line going from the source of light to the mirror ; but it is not the

same with the direction of the reflected rays which depend essentially upon
the position occupied by the mirror at tlie instant the reflection takes place, and
as tlie motion of the mirror and the reilection of the luminous rays from its

surface are independent of each other, it is only by chance that the mirror

would be found in such and such a position ; the observer, therefore, cannot

know in what direction he should place his telescope in order to receive the

luminous rays after their reflection. To obviate that difficulty xVrago supposed
that the observer, being stationed anyv-'hcre in the space the reflected rays

could reach, and having directed his telescope towards the revolving mirror,

Avould successively repeat a great number of times tho instantaneous emission

of ligh*; towards the rotating mirror, so that the rays from each of these emis-

sions being reflected from the mirror v/hen in different positions, there necessa-

rily would bo some which would fall upon tlio objective of the telescope and
thus reach the eye of the observer. It was tlierefbrc a fugitive phonomenon
which the revolving mirror projected at each instant into the surrounding

space, sometimes in one direction, sometimes in another, and which by chance,

from time to time, would strike the telescope of the observer. It was to mul-
tiply the chances of observation of this fugitive phenomenon that Arago, at

the end of his communication of 1838, spoke of substituting for the single

mirror a vertical prism of eight or ten facets, and to employ at the same time

several observers placed in different positions, and each provided with a

* See, at the end of this essay, the article published by M. Foucault, in the Journal des

D€bats, of May 4. 1850.
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telescope. Instead of that, M. Foucault modified the instrument so that the

reflected rays which should reach the eye of the observer quitted the revolving

mirror in one direction, determined beforehand, so that the observer could sta-

tion himself so as to receive conveniently all the reflected rays without leaving

anything to chance. To accomplish this the light from the luminous object

fell upon the revolving mirror, not in an intermittent manner, but continuously,

so that it was reflected in all directions around its axis ; in one of these direc-

tions the reflected light met a fixed mirror on which it fell perpendicularly,

and which caused it to return over its path in sending it again to the rotating

mirror ; there it experienced a new reflection Avhich sent it to the luminous

object whence it set out. It was, therefore, near that object that the observer

placed his eye to receive the reflected rays, rays which, for convenience, M.
Foucault turned to one side by means of a transparent plate of glass inclined

45 de"-rees, similar to that which M. Fizeau had employed in his experiment

of Suresnes. The following are the words of M. Foucault iu describing his

apparatus :

"A direct ray of liglit, penetrating^ a square opening, meets, very near the ajjcrtiire, a reti-

cule of eleven vertical wires of platmum to the millimetre, (.03937 of aa inch;) thence it

passes towards an excellent achromatic lens of long focus, placed at a distance from the

letxule less than double the principal focal distance. The image of the reticule of greater

or less dimensions would be formed on the other side, but, after having traver:-ed tho lens,

the pencil, before its convergence at the focus, falls upon the surface of the revolving mirror,

and, animated with an angular motion double that of the mirror, it forms in space an image
of the vert'cal wires, which is displaced with great rapidity. During a small portion of its

revolution this image meets the suiface of a concave mirror, whose centre of cm-vature coin-

cides with the centre of figure and the axis of rotation of the revolving mirror, and, during

all the time it passes over its surface, the light which has concuired to form it retraces ir,s

path and falls upon the reticule itself, producing there its image, equal to it in size. In order

to observe this image without shutting out the original beam, Ave place obliquely to the beam
of light, near the reticule, between it and the object glass, a glass plate, and we observe with

a powerful ocular the iuiage thrown to one side. * * * 'pi^g mirror, in revolving, causes

this image to reappear at each revolution, and, if the velocity of the motion of rotation is

unitbrm, it remains immovable in space. For velocities which do not surpass thirty turns

per second, its successive apparitions are more or less distinct, but over thirty turns give a
persistence to the impressions on the eye, and the image appears absolutely fixed.

"It is easy to demonstrate that the mirror, in revolving with greater or less rapidity, will

displace this image in the direction of the motion of rotation. In fact, the light which passes
between the wires of the reiicule does not return to the wires until it has received from the
revolving mirror two reflections, separated by the time it takes to run over double tlie path
from the revolving mirror to the concave mirror. liut, if he mirror revolves very fast, this

time taken by the liglu to go and come back, even over the small length of 4 metres, (13.12
feet,) cannot be regarded as inappreciable, and the mirror has had the time to change sen-
sibly its position, which is shown by the change of position in the image formed by the re-

turning beam. Rigorously speaking, this eflect takea place as soon as the mirror turns, even
slowly ; but it cannot be observed until the mirror has acquired a certain velocity, and only
when we employ certain precautions in the experiment. All my efforts have tended to render
this deviation as apparent as possible.

"The principal obstacle to surmount is that, in so complicated a path, the light cannot
converge to the focus in a neat, clear image. The deadening which the peneil experiences,
in being reflected twice from a turning mirror of small surface, necessarily destroys the nicety
of the image, and produces iu its contour an imavoiduble mistiness. It is for this reason that
we have chosen for source of light the equi-distant linear spaces between thi- wires of a veiy
fine net. Although the image obtained is never clear, yet it is presented under the form of a
system of white and black stripes, similar to colorless diffraction bands, each having a well-
defined maximum and a minimum of light. Like the wires of tho net, these lunnnous or
obscure spaces are distant from each other one-eleventh of a millimetre, (a millimetre equals
.03937 of an inch,) and if, to observe them, wc place in the occular a micrometer divided into
tenths of a millimetre, the two systems of lines will operate, by their relative displacements,
as a vernier, and will permit us to measure in the image, with certainty, a displacement of
the one hundredth of a millimetre.

"Aft«r the knovrn velocity of light, with an objective of 2 metres (G.56 feet) focus, and in
using the double path of 4 metres, (13.12 feet,) we find that we need not give to the mirror
an extreme velocity (six or eight hundred revolutions per second) iu order to obtain d'.splace-
ments of two and thi-ee-tenths of a millimetre. * » * '^ # »

"Such is the construction of the optical apparatus which has permitted me to show the
successive propagation of luminous rays. My first attempts succeeded in the air with a



ESSAY ON THE VELOCITY OF LIGHT. 159

mirror wbu-li made only twenty-five to thirty turns per second, the length of the double path-

being four metres.
'

' In order to make the experiment with water, we liave only to place between the revolving
minor and the concave mirror a column of this liquid, held between two parallel plates of
glass in a conical metallic tube, varnished inside wi;h copal, so that the water would remain
clear, to take the necessary precautions that the terminal plates are not strained in their frames,

and to obviate the inconvenience of the change of focus by the interposition of a liquid layer

of 3 metres (9.84 feet) thickness, having paral.el surfaces. In the end we succeeded in easily

obtaining, with the feeble and green ray which has traversed the water, an image as distiact

as that which is formed withou: the interposition of the liquid. Therefore it is required biit

to turn the miiTor and to measure Avith precision its velocity of rotation if we desire to deduce
the absolute velocities in air and in water, or to operate smiultaneously on these two media
if we wish to know only the character and difference of these velocities."

The second modification introduced by M. Foucault, in the arrangement of

the apparatus Arago proposed to employ, was in reference to the means of giving;

to the revolving mirror an extremely rapid movement of rotation and of keep-

ing up this motion a sufiicient length of time. In the apparatus of Ai-ago, M.
Breguet produced this movement of rotation by means of wheels with oblique

teeth revolving under the action of a weight. M. Foucault substituted the

direct action of steam, evolved at a certain pressure from a steam-boiler, on a
little turbine fitted to the axis carrying the mirror. The much greater simpli-

city of this rotating mechanism offered very notable advantages in the execution

of the experiments.

In his communication to the Academy, M. Foucault thus announced the re-

sults he had already obtained :

"In confining myself to the detenninations of the velocity (of the mirror) by the sound,
(produced by the action of the steam on the little turbine,) as I have already proved by two
successive observations that the deviation of the image after the passage of the light through
the air is less than after its passage through the icuter, I have also made another confirmatory-

experiment, which consists in observing the image formed in part by the light which has
traversed the air, and in part by the light which has traversed the water. During low
velocities the stripes of the compound image were sensibly the continuations of each other,

and, hij the acceleration of the mocement of rotation, the image is carried to one side, and the

stripes are broken at the boundary line, at the junction of the air image with the water image,
the stripes of the latter being in advance in the direction of the common deviation. Moreover,
in taking into account the lengths of air and water traversed, the deviations were seen to be-

proportional to the indices of refraction. These results demonstrate a velocity of light less in
icater than in air, and fully confirm, according to the views of Ai'ago, the indications of the
theory of undulations."

M. Fizeau, on his part, made to the Academy of Sciences, in the same meet-
ing of the 6th of May, the point to which he and M. Breguet had arrived in

their attempts to attain the same result. We reproduce here his communication
in full, taken from the Compte rendu of the meeting :

" We have undertaken to realize the important experiment of which M. Arago spoke tO'

the Academy at its last meeting, and which he is not able to undertake at this moment ou
account of the feeble condition of his sight.

"The rotary apparatus of M. Breguet carries a small mirror of 12 millimetres (.472 of au
inch) in diameter, to which can be given a velocity of nearly 2,000 turns per second, and
which easily makes 1,200 or 1,500 revolutions.

"The optical aiTangement that we employ is founded on the return of the rays ou them-
selves, produced by means of a perpendicular reflection : this is the aiTangement which I
described in a preceding work.
"The light emanating from a luminous image, formed at the focus of the telescope,

traverses the objective, meets the revolving mirror, and is reflected normally from a fixed,

mirror ; then comes back to the revolving mirror, traverses the object glass, and returns
finally to the focus.

"The phenomenon produced by the rotation consists in the deviation of the return-imago,
which is a permanent image resulting from the very rapid succession of instantaneous super-
posed images; the deviation results from the angular movement made by the revolving
mirror, whilst the light runs over double the distance which separates it from the fixed

mirror. After having observed the deviations in air for distances which were varied, so as
to obtain the greatest intensity of light and the best definition possible, we arranged tho-

experiment so as to observe simultaneously the corresponding deviations of water aud of air..



160 ESSAY OX TilK VELOCITY OF LIGHT.

For equal lecfrths of tlio two media the ratio of the two deviations .should be, after one or the

other of the theories of light, either ;$- or -J.

"But, instead of taking- equal lengths, ^\e can take them so that thej will be for the

water and for the air in the ratio of 4 to 3. According to the theory of emission, these

lengths are equivalent, or are run over in equal times, and the deviations should bo equal.

According to the theory of undulations, on the contrary, these lengths should be ran over in

very different times, which are for water and for air in the ratio of 10 to 9, and the deviations

should bo in the same ratio

"We have, therefore, adopted for water a lengtli of 3 metres, (9 feet 10.11 inche?,) and
for air a length of 2.25 metres, (7 feet 4.5S inches.)

"The experiment made simultaneously on the two media becom&s a very delicate differen-

tial experiment, in which it is not necessary to know exactly the velocity of rotation of the

mirror. We have only to compare the simultaneous deviations of the two images.

"The apparatus is entirely constructed, but the condition of the atmosphere has not yet

allowed us to make the observation, and these experiments require so intense a light that it

is not possiblo to substitute for the sun's rays pj,rtiticial light. If the sky had been cloudless

yesterday or to-day, we would have been able to have presented to-day the result to tho

Academy. If our experiments are not yet accomplished, it is because \vc waited until M.
Arago should authorize us to engage in researches which belong to him."

Six weeks later, as we have already said, MM. Fizoau and Brcguet announced

to the Academy (meeting of 17th June, 1S50) tho complete success of their

experiment. They obtained very neat results ; the phenomena observed were

altogether in accord with the theory of undulation, and evidently opposed to

the theory of emission.

Thus the beautiful experiment of Arago was doubly realized. That which

had specially facilitated the success of this experiment, and given a great pre-

cision to the observation of the phenomena produced, was the moditicatiou of

the original arrangement as indicated by Arago, a modification which had for

its object to replace the fugitive image observed only by chance in a given

direction, by a permanent image produced ia a determinate place, where we
can observe it with precision and at our ease. 31. Foucault rightly attached a

great importance to that modification, and in the communication to the Academy,
the Gth May, 1850, he claimed its inventiou iu these terms

:

" This memoir has also for its object to fix the date of a series of applications of tho nevr

method, which consists essentially in the observation of tlic fixed image of a moving vnage"

But we may see in the communication of 31. Fizcan, which wo arc about to

reproduce, that, in the apparatus which he had devised with M. Breguet for

the execution of the experiment, the same modification is found introduced.

We there read in fact

:

" The optical arrangement *" * * * * * * is founded ou f/je re<«r«

of the rays on themsdr.cs, produced by means of a perpendicular rrjlcction.'''

And further on :

"The phenomenon produced by the rotation consists in the deviation of the image iu its

retnra, uhich is a permanent image resulting from the very rapid succession of itislantaneous
superposed images,''

31. Fizeau even refers this modification to the arrangement he had adopted in

his beautiful experiment of Suresncs, for in speaking of the return of the rays
on themselves, produced by means of a perpendicular reflection, he adds : " This
is the arrangement which I have described in a preceding work." The com-
munication of tliro notices of 3I3I. Foucault and Fizeau, at the same academic
meeting, constitutes a simultaneous publication which does not allow the slightest

priority to be established between them on this subject ; but 31. Foucault took
care to assure that priority in publishing two days in advance, in a political

journal, the detailed description of his apparatus.* That which belongs essen-

* See, at the end of the cssav, the article published by M. Foucault, in the Journal dcs
DSbats of May 4, 1850.
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tially to M. Foucault is the substitution of the steam turbine in place of the

wheel-work employed by M. Brciguct to rapidly turn the mirro*-, and that modi-
fication has also a great importance on account of the facility it gives to vary
the veJocity of the mirror, to regulate it, and to maintain it at a uniform velocity

during as long a time as we wish.

MEASURE OF THE VELOCITY OF LIGHT, BY M. FOUCAULT.

The apparatus which served M. Foucault to determine that light moves faster

in air than in water was not devised solely for that comparative experiment;

its principal object was to fm-nish the absolute value of the velocity of light.

It was in this point of view that M. Foucault brought it forward in 1850, iu

indicating in a precise manner the means which he proposed to employ in order

to arrive at a certain precision in that measure.

We ha%'e seen that in this apparatus the return of the rays upon themselves

gives place to the formation of a permanent image which is displaced trans-

versely by a quantity so much the greater as the revolving mirror turns more
rapidly. The measure of this displacement of the image can make known the

quantity the mirror has turned during the interval of two sixccessive reflections

of light from its surface in going and in returning—that is to say, while the light

had run over twice the distance of the revolving mirror from the fixed mirrur;

it is therefore sufficient to know exactly the velocity of rotation of the mirror
in order to deduce the time elapsed between these two successive reflections

—

that is to say, the time employed by the light to make double the journey from
the turning to the fixed mirror, and consequently the value of the velocity of

light.

The following is the very ingenious method by which M. Foucault was
enauled to determine exactly this velocity of rotation, or rather so to adjust the

motion that the mirror can be made to turn with a velocity determined before-

hand.
A wheel-work mechanism gives a uniform movement of rotation to a disk,

toothed like a circular saw. This disk makes exactly one turn iu one second.

The teeth which arai its contour, and which are accurately cut equidistant, arc

to the number of 400 ; so that the time employed by one of these teeth to take
the place of the one which has preceded it is exactly the jJijth part of a second.

We so place the wheel that its border cuts the plane of the field of view of the

microscope with which we observe the return-image from the mirror. If this

field were continuously illuminated, the teeth of the disk would appear to pass

befox-e the eye with the velocity of their motion ; but it is not thus. The light

only comes to the field of the microscope at the instant a reflection takes place

from the revolving mirror ; this field, and consequently the border of the toothed

disk, are only illuminated by successive flashes of light, and those flashes are

governed by the rotation of the mirror, which at each revolution sends rays
into the interior of the microscopes. If the mirror makes exactly 400 turns

per second, then the interval between two successive Uluminations of the field

of the microscope i& exactly equal to the time employed by each tooth to take

the place of that which preceded it; so that at the moment of the successive

illuiiidnations we always see a tooth of the disk in the same point of the fiekl

of view : the disk ajipcars absolute!y immovahlc. Suppose now that the mir-

ror makes a little less than 400 turns per second ; whilst it makes a revolution,

each tooth of the disk goes a little further than it ought in order to take exactly
the place of the preceding tooth ; at the moment of the successive illumina-

tions the teeth which replace each other do not appear any longer exactly at

the same point in the field of view of the microscope; they appear little by little

in advance in the direction of the motion of the rotating disk, so that the disk

appears to have a slow movement of rotation in the direction of its real motion.

11 s
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If, on tlie contrary, tlie mirror makes a little more tliau 400 turns per second, the'

teeth of the disk at the moment they are illuminated appear more and more

behind a lixed position, and the disk seems to turn slowly iu a direction the

reverse of its real motion. When we have so adjusted the velocity of rotation

of the mirror that the appearance of the border of the toothed disk which we
see in the field of microscope appears immovable, we are certain that the mir-

ror makes exactly one turn while the circumference of the disk progresses one

division, and consequently whilst the mirror makes exactly 400 turns per second.

It was by adding this improvement or complement to his apparatus of 1850,

by substituting compressed air (evolved from the blowdng-machine of constant

pressure of M. Cavailld-Coll) for steam as the motive power of the little turbine

attached to the axis of the mirror, by increasing the length of the path of the

light between the two reflections from the revolving mirror from 4 to 20 metres

(from 13 feet 1.48 inches to 65 feet 7.4 inches) by means of successive reflec-

tions from intermediate lixed mirrors, by taking every possible precaution to

measure the displacement of a few tenths of a millimetre given by the revolving

mirror to the position of the image in its return, that M, Foucault, in September

1862, succeeded in determining with a certain precision the velocity of light in

air. He thus found a velocity of 298,000 kilometres (185,177 miles) per second,

a velocity a little below that of 308,000 kilometres, (191,391 miles,) which re-

sult from the value of aberration (20.45 secondt?) deduced by M. Struve, from

very exact astronomical observations, combined with the value (8.57 seconds)

adopted up to this period for the parallax of the sun.

Let us recapitulate the series of labors Avhich has led to so remarkable a

result

:

Mr. Wheatstone (1834-'36) devised the use of a rapidly revolving mirror, to

render appreciable excessively small intervals of time.

Arago showed (1838) Iioav, Avith the aid of such a revolving mirror, Ave would
be able to determine the diftcrence of A'elocities Avith which light traverses air

and a liquid.

In the mean while M. Fizeau succeeded (1849) in being the first to render

evident the progressive transmission of light and to measure its velocity, by
means of an experiment made on the surface of the earth, iu the space of a fcAV

kilometres, and adopted an altogether diflerent method from that proposed by
Arago.
An important modification, introduced (May, 1850) in the arrangement de-

vised by Arago, rendered incomparably easier the observation of the effect due
to the difference of A'clocity of light iu air and in a liquid.

Owing to this modification the experiment of Arago Avas executed nearly at

the same time (May and June, 1850,) first by M. Foucault, and then by MM.
Fizeau and Ereguct.

Finally, M. Foucault, perfecting his apparatus, measured (in 1862) the velocity

of light in operathig entirely in the interior of a laboratory of moderate dimen-
Bions.

An admirable experiment in physics, in Avhich, by the power of intellect and
manual skill, we have succeeded not only in rendering sensible, but even
measurable, the time employed by light to run over a path of 20 metres, (65 feet

7.4 inches) although this time barely equals the rsooWoo''^ ^^ "^ second! and
Avhich, if Ave repeat it so as to vary its elements, and thus make evident the
constant causes of error Avh.ch affect the result, appears capable of giA'ing a
determination of the A^elocity of light altogether as precise as that Avhich is de-

duced from astronomical phenomena

!

We A\'ould be unjust if Ave did not mention that the success of the experi-

ment of M. Foucault was greatly indebted to M. Froment, the able constructor
of the different parts of the apparatus. The clock-Avork which gave to the
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toothed disk a uniform motion of one revolution per second, and the revolving

mirror put in motion by the little air-turbine, or sirene, ought to take rank

among the numerous mechanical svondei'S which have proceeded from his hands.

The most ingenious conceptions remain unrealized if they do not find an artist

capable of executing them. Thus history has taken the care to treasure the

memory of eminent mechanicians, to whom are due the delicate constructions

which have given important progress to science. The name of the illustrious

English clock-maker, Graham, remains forever associated with the discovery of

aberration and of nutation, made by Bradley, with an instrument constructed

by that artist ; in the same manner the name of M. Froment will remain in-

separable from the beautiful and refined experiment of which we have just

spoken, and for which he executed the important and ingenious improvements
added by M. Foucault to the original apparatus devised by Arago.

Thus science is in possession of two methods, essentially different from each

other, to effect the measure of the velocity of light on the surface of the earth.

The first of these two methods, invented by M. Fizeau, -was employed by
him in his memorable experiment of Suresnes; but although the number that

he thus obtained was very satisfactory from its close agreement with that

which is deduced from astronomical observations, still we should only regard

this experiment as having established tha j^ossibillfy of meas;A*'ng the velocity

of light by employing this method. As soon as the success of this method
was made known the Academy of Sciences, on the proposition of a commission
of which Arago was a member, determined to construct at its expense an appa-

ratus of large dimensions to turn the toothed disk destined to measure the

velocity of light by the method of M. Fizeau, in using every possible precau-

tion to give to that measure all the precision of which it was susceptible. The
apparatus ordered of jM. Froment was finished, but its adjustment on the ter-

race of the Observatory was prevented ; all the details of the observation to

be made between this terrace and a distant station, such as Mont-Valerien or

the tour of Montlhery, had been studied ; it was determined to employ tele-

scopes of large aperture, in order to increase the luminous intensity of the

observed image, and thus give all the desirable distinctness to the successive

eclipses occasioned by the increasing velocity of the disk ; it was proposed
thus to produce twelve or more successive eclipses, &c., Avhen the death of

Arago postponed the execution of this important operation. Let us hope that

the postponement will not be indefinite, and that the realization of an experi-

ment which promises such chances of great success will not be delayed.

The second method is that of M. Foucault, who has also obtained by its

means a value for the velocity of light Avhich is not far renioved from that

given by astronomical observation, and agreeing even still closer with it if we
adopt the increase which it seems we should give to the value of the parallax

of the sun. This method, much more delicate than that of M. Fizeau, ap-

pears, on account of its very refinement, more exposed than the latter to the

influence of constant causes of error capable of falsifying the result. Let us

also hope that M. Foucault will not delay to complete his labors, by studying
the influence of these causes of error, so as to deduce a value for the velocity

of light the most precise that this method can furnish. The simultaneous use

of these two methods of measurement, whose results mutually control each

other, is not too much in order to determine with all the exactitude possible

the value of an element so important' as that of the velocity of the propagation
of light through space.
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ARTICLE PUBLISHED BY M. FOUCAULT, IN THE "JOURNAL DES DEBATS,"

ON THE REALIZATION OF THE EXPERIMENT OF ARAGO.

[Number of Tuesday, April 30, 1850.]

To THE Editor—Sir : I will not wait for the expiration of tlie fortnight

to give you an account of what most occupied the Academy of Sciences during

their meeting of yesterday. All knew that M. Arago was to continue the

account of his beautiful researches of polarization and of photometry. The
attendance was large, and the Academy recorded at its session a foreign asso-

ciate and two corresponding members—Mr. David Brewster, Lord Brougham,

and M. de la Rive, of Geneva. But what was not expected was, that M. Arago
recalled attention to one of the most beautiful projected experiments that the

genius of a savant has ever produced, and he declared that, after having con-

ceived it, he had left to the young generation the care and the honor of per-

forming it. This experiment has more than once occupied the attention of the

Academy; it proposes to decide, by means of a revolving mirror, whether

light moves faster in air than in water, and to seek, in the probable result of

this experiment, the confirmation of the theory at present adopted to explain

all optical phenomena. You may judge, sir, of tlie emotion with which I

heard this generous declaration ; I, who for several days had in my hands tli«

experimental solution of this great problem ! Nevertheless I thou_;ht it proper

to postpone to the next meeting the reading of the paper in which 1 have
recorded my results. In the mean time permit me, sir, to announce, in a few
words, the results which I haA-e observed.

Light employs more time to run over the same path in water than in air, and
the time which it takes to traverse these two different media is shown by the

deviation of the ray which is reflected at a given moment from a mirror re-

volving with a great velocity. All things remaiuing equal, the deviations were
found to be pioportional to the indices of refraction of air and of water. It is

not possible to entertain the least doubt as to the reality of these results ; they

have been obtained by two different methods. The two deviations were first

obsei'ved successively and found unequal for the same velocity of the mirror.

They were then observed simultaneously, which rendered the observation still

more certain.

Permit me to limit myself to the rather technical expression of these new
results. When the columns of the Journal are unoccupied I shall enter into

such developments as will render these pi-opositious more intelligible to your
j-eaders.

Receive, sir, &;c., &c.
LEON FOUCAULT.

[Number of Saturday, May 4, 1850.]

We published last Tuesday a letter of M. Foucault announcing the succese
of an optical experiment originally devised by M. Arago, and which, in giving
the relative velocities of light in air and in water, accomplished the overthrow
of the emission theory in favor of the theory of undulation. The sun having
appeared during the few days past, they have been able to repeat several timee
the experiment in presence of a certain number of French and foreign savants,
and alreadj"- the methods which have insured success are generally known to
the public. In waiting for the communication which will be given at the
meeting of the Academy next Monday, we will concisely indicate the funda-
mental parts of the experiment.
A beam of sunlight reflected from a heliostat in a fixed direction penetrates

horizontally a dark room; it first passes through a small opening of 2 milli-

metres (.0797 of an inch) square, then a,reticule extended behind this opening,
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and formed of eleven platinum to tlie millimetre. Passing through this reticule,

the beam of light meets an objective of a focus of two metres placed at a dis-

tance from the reticule less than the double of its principal focal length, and it

tends to form beyond a magnified image of the reticule. But before the forma-

tion of this image the converging pencil is reflected from a small mirror which,

capable of rapidly revolving around a vertical axis, we will call the revolving

muTor. After its reflection, the converging beam will form an image before the

mirror at a distance of 4 metres, and when the mirror turns, this image moves
in space, describing circles double of the number of the turns of the mirror

supposed to reflect from its two faces. In sweeping through space this image

meets a concave mirror whose centre of curvature corresponds with the centre

of figure of the revolving mirror and with the centre of the axis of rotation

;

it thence results that during all the time that the image of the reticule falls on

the concave mirror the light is thrown back to its point of departure by the

revolving mirror and returns to form at the i-eticule its image of natur'al size.

This image coincides exactly with the reticule, when the revolving mirror being

at rest is placed at the proper angle of incidence ; but as soon as it moves, the

image is deviated and deflected in the direction of the motion. In order conve-

niently to observe this deviation we place obliquely to the path of the entering

beam a glass plate which ihrows this image to one side. This image appears like

colorless diffraction bands, striped with vertical lines, distant from each other

the eleventh of a millimetre ; they are examined with a powerful oculai-,

having at its focus a micrometer divided into tenths of a millimetre. The
stripes of the image bear the relation to the divisions of the micrometer as a

scale to its vernier, so that deviations to the one-hundredth of a millimetre can

be read off". Calculation shows that a deviation should be observed for thirty

turns of the mirror in a second ; and in fact it is seen for that velocity ; for

greater velocities the deviation is measurable. If we wish to measure the

velocity of light in water we place between the revolving mirror and the con-

cave mirror a tube three metres long, filled with perfectly clear water, and its

ends closed by plates of glass of parallel surfaces. AH things remaining the

same, the deviation observed when we interpose the tube of water is always

greater than when this tube is not placed between the revolving and the con-

cave mirror. But it is better, to operate simultaneously in the air and in the

water, to emploj two concave mirrors of the same radius of curvature and both

facing the revolving mirror ; one destined to receive and selid the rays through

the water, and the other through the air only. The mirror in revolving causes

the two images, corresponding to the two reflections, alternately to appear, but

the rapid succession of their apparitions makes them appear superposed; to

distinguish them from each other we cover a good part of the height of the

concave mirror which reflects the image through the air, which reduces the light

of the brighter image ; the remainder of the field is occupied by the image

which has traversed the water. The vertical stripes of these two images should

correspond, and indeed do correspond, for low velocities of the revolving mirror.

But as the velocity of rotation increases, the two rays are deflected unequally,

the stripes break at the line of junction, and the deviation is greater for the

dull and green image which has traversed the water than for the luminous and
Avhite image which has progressed only through the air. This last experiment,

although difficult to repeat with apparatus improvised in a hurry, has the ad-

vantage to appeal directly to the eyes ; it has been repeated bef ire several dis-

tinguished savants, who, in reference to it, no longer retain the least doubt.

To give to the mirrors rapid and constant velocities M. Foucault uses a

small steam-turbine, which was constructed with the greatest care by M. Fro-

ment. We cannot at present enter into the details of its construction. It wlU

be noticed hereaffr, as well as the applications of this new method of expcii-

racnting. when the paper in which it is described has been presented to the

Academy of Sciences.



OZONE AND ANTOZONE.

BY CHARLES M. WETHERILL, PH. D., M. D.

ScHORNBEiN, in the year 1840, called attention to tlie existence of a substance

wliicli lie named from one of its most striking characteristics, ozone, ((<w, /

smell.) The peculiar odor in the neighborhood of a good electrical machine

when in action, and especially when the electricity issues from a point ui^^ion

the priftie conductor, or is drawn from it as a spark, had been well known.

A similar odor had also been perceived accompanying th5 fall of the thunderbolt*

This phenomenon had been characterized as a phosphoric or a sulphur smell,

Schoenbein called attention to the fict that a similar smell is perceived during

the decomposition of water by the voltaic pile, and is observed accompanying

the oxygen which appears at the positive pole Avhen the gases are collected

separately, and that it is also experienced in many chemical processes, espe-

cially in those involving a slow combustion. In explaining the odor of the

active electrical machine, it had been assumed that the sensation is due solely

to a peculiar action of the electricity upon the organs of smell, and not to the

presence of a material substance; but Schoenbein discovered, in the case?

alluded to, the existence of S, body having the chemical properties of active

oxygen—that is, of this gas in its condition of entering most readily into chemi-

caf combination, to which he attributed the phenomenon in (question, and to

which he assigned a characteristic name.

Daring the twenty-five years which have elapsed since Schoenbein's dis-

covery, this difficult subject has been investigated by many scientists, and

especially by Schoenbein himself, by Marignac, De la Rive, Fremy, Erdmann,

Berzelius, Williamson, Becquerel, Baumert, and others equally well known in

research. While there are few subjects which present a wider field for investi-

gation, or which are more important in their relations to a kno^'ledge of animal

life, and to some interesting practical questions in technology, there are few which

require a greater patience, or a greater degree of skill in manipulation for their

research. It is in consequence of thtise difficulties that our knowledge of

ozone is so limited, notwithstanding the time and labor which have been be-

stowed upon it. It is the object of the present article to give a brief sketch

of Avhat is known respecting this substance, on the authority of the article ozone

in Poggendorff's Dictionary, and from the essays of experimenters in various

scientific periodicals.

Some time elapsed after its discovery before very definite views were held

as to the true nature of ozone. Schoenbein, who for a long time denied

that ozone is an allotropic form of oxygen, at first supposed that it was
a new body which, in union with oxygen, or perhaps with hydrogen, con-

stituted nitrogen, to which he attributed a compound character. De la Hive

imagined that the peculiar smell was due to the action upon the organ, of

* Homer notices the smell of the thunderbolt. Molir in Po,!^^. Ana., xci, G2.'i. TIuis, in

the Odyssey, book xii, verse 417, and xiv, 307, Jupiter strikes a ship with a tliiniderbolt,

cv 6s -dneLOv Tr'Aij-o, " quite lull of sulphurous odor " In the lUiad, viii, lo."), ,Jovo hurls a

bolt, "with the flame of the burning sulphur," into the ground before Diomede's chariot.

In the same poem, xir, 415, Ajax huris a rock at Hector, who falls " like a mountaiu oak
struck by lightning, which lies uprooted, and from which the fearful smell {o&fiyj) of smoking
sulphur rises."
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very fiuely divided metallic dust of platinum, or of gold, Avliicli was separated

from the conductors by the electric current, and converted into oxides of the

metals ; but Schoenbein proved this explanation to be untenable by the experi-

ment of employing hot points for the issuing of the electric charge into the air.

.Under such circumstances the liy^DOthetical separation of metallic particles and
their oxidation should be increased ; but, upon the contrary, there was no
smell of ozone at all perceptible. Besides this, ozonized air, when shaken ia

a bottle with water, does not lose its peculiar smell. Hence it is a gas, not

absorbable by water, but altered in its character by heat. Marignac and Do
la Rive subsequently performed experiments which seemed to show that ozone
is pure oxygen. As Marignac was unable to obtain ozone l:)y electricity with

oxygen unless moisture was present, it was possible that the substance might
be peroxide of hydrogen, and this hypothesis became highly probable by the

extended and careful research upon this point by Dr. Williamson. This chem-
ist pi'epared ozone by the electrolysis of sulphate of copper, dried it by passage

over chloride of calcium, and passed it through a tube containing copper turn-

ings, heated to redness, which had been first oxidized and then reduced in a
current of carbonic oxide. By the experiment, oxide of copper and water
resulted. Schoenbein now adopted this hypothesis, having been fortified

by experiments of his own. At first he regarded ozone as a higher oxide

(HO3) than Thenard's peroxide (HO2) of hydrogen ; but at last retained the

latter formula. Schoenbein defended this view pertinaciously, supporting it

by expei-iments and by arguments against that of De la Rive, Marignac, Mar-
chand, Erdmann, Berzelius, Fremy, and Becquerel, who prepared ozone with
pure oxygen, (obtained from chlorate of potassa, the gas being washed and per-

fectly dried,) either by the electrical machine or by an induction current. Ma-
rignac, by acting with ozone upon pure powder of metallic silver, obtained

nothing but the peroxide of that metal. Hence the conclusion was warranted
that ozone is oxygen in an allotropic form. Schoenbein's opinion was based
upon his view of the halogen bodies, which, like Berthollet, he believed to be
peroxides of unknown radicals, and from the analogy of ozone, iu its chemical

behavior, to chlorine. He also assumed that no element is known Avhich has
an action upon the olfactory nerves to call forth the sensation of smell ; chlo-

rine, iodine, and bromine being, as he believes, compounds, while phosphorus
and arsenic act upon this sense by reason of their passage into the condition

of oxides.

Baumert contended that the odorous gas evolved by electrolytic action is

essentially ditFerent from ozone obtained by the electric spark. Its constitution,

according to this chemist, is HO3 ; it yields no water to anhydrous phosphoric acid

until it has first passed through a tube heated to redness, which he supposed
decomposes the HO3. Baumert, however, in subsequent experiments, acceded
to the opinion (derived from their investigations) of De la Rive, Erdmann,
Marignac, Marchand, Fremy, and Becquerel, that ozone is an allotropic condi-

tion of oxygen.
Schosnbein, in 1858, discovered that if to diluted peroxide of hydrogen a

few drops of solution of acetate of lead be added, or that if ozonized oil of tur-

pentine be shaken with the same lead salt, peroxide of lead is formed. The
same reaction takes place when ozonized oxj'gen acts upon basic acetate of lead.

When the peroxide of lead thus formed remains in contact Avith the peroxide

of hydrogen, both are reduced ; the result being water, protoxide of lead, and
oxygen. From this reaction, Schoenbein assumed that the oxygen iu the jierox-

ides of hydrogen and of lead exists in an opposite condition of polarity, thus

:

+ -
HOO and PbOO, and that by the union of these molecules of oxygen the ordi-

nary inactive oxygen results. Olausius and De la Rive also imagined a simi-

lar molecular condition for oxygen.
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Schoenbein designated those bodies containing negatively active oxygen,

(orO), ozonid.es; such are permanganic (Mn2 02 05) and chromic acids (CrjOaOs).

and the peroxides of manganese, (Mn 0,0), silver, (Ag 0,0), and lead, (Pb 0,0).

He named antozonldes ; peroxides of hydrogen, (HOO), barium, (Ba 00), and

all bodies which contain oxygen in a positively active condition, (0), and this

form of oxygen he called autozone.

This chemist succeeded in obtaining antozone (0) by projecting finely pow-
+

dered peroxide of bariuiii (Ba 00) into cold monohydrated sulphuric acid. A
gas is evolved Avhich both Houzeau and Schoenbein formerly supposed to be

ozone, but which has different properties. It blues iodide of potassium starch

paper, and smells somewhat like ozone ; but when agitated with a little water

it loses its odor completely, and forms peroxide of hydrogen, which reaction

ozone does not produce. A slip of filter-paper saturated with a mixture of

dilute solution of ferricyanide of potassium and a persalt of iron is speedihf

turned blue in antozone gas, but in ozone behaves as in atmospheric air. A
very small portion of the gas evolved by this reaction in antozone. This is

due to the elevation of temperature, which transforms the antozone into ordi-

nary oxygen.

Another means of distinguishing ozone from antozone consists in a slip of

paper imbued with solution of sulphate of protoxide of manganese, which

speedily becomes brown in ozone, from the formation of peroxide of manga-
nese. In antozone, not only does this reaction not take place, but papers

browned by ozone are bleached by antozone.

A distinguishing test may also be found in the behavior of the two gases

with permagauic acid, which antozone decolorizes and ozone browns.

Dr. Gr. Meissner discovered that, if well dried electrified air be passed thi'ough

water, (which may or may not contain air,) it forms, upon issuing into the at-

mosphere, a more or less dense cloud or mist. The same phenomenon takes place

when electrified air issues into a moist atmosphere.

This cloud is formed by the electrifying" of either pure oxygen or of air; but

not by pure hydrogen, or nitrogen. It occurs, whether the gas contains ozone

or not, but in the latter case to a less degree.

By contact with drying substances, as concentrated sulphuric acid, chloride

of calcium, and even concentrated solutions of certain salts, the mist may be

caused to disappear ; but it forms again by the addition of aqueous vapor.

The air left to itself gradually loses this mist-producing property, and if the

antozone cloud be confined, the water is, after a while, precipitated upon the

sides of the vessel, and can no more be produced by the action of vapor, unless

the air be electrified again.

Ozoniferous moist air retains its cloud-compelling property longer than that

which does not contain ozone; and, on the other hand, dry ozonized air pre-

serves this property still longer. Meissner satisfied himself, by numerous ex-

periments, that this phenomenon of mist is due to antozone, and that electrified

air contains both ozone and antozone, the former element being absorbed, and
the latter not absorbable by iodide of potassium, or pyrogallic acid. He dis-

covered, also, that antozone prepared by electricity is identical with that obtained
by the decomposition of peroxide of barium, as the former, when brought fresh

and dry in contact with water, generates a proportion of peroxide of hydrogen.
Meissner regards peroxide of hydrogen as a chemical compound of antozone
and water ; but cloud or mist as a physical aggregate of antozone and vapor
of water, in Avhich the chemical affiuity of the two bodies is very much weak-
ened. Von Babo supposes the autozone cloud to be in most cases peroxide of
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hydrogen, and tliat it may be formed by the action of ozone also ; its disap-

pearance he explains by the gradual precipitation, or decomposition of the

peroxide.

Meissner regards the foi'mation of ozone and antozone possible simultane-

ously by the action of either positive or negative electricity upon ordinary

oxygen; but Von Babo believes that only ozone is formed by the current. The

latter chemist found that ozonized air experienced no diminution of ozone upon

its passage thi-ough a solution of permanganic acid, but that this took place

immediately if the air came first in contact with substances capable of forming

peroxide of hydrogen ; also, that ozonized oxygen, free from nitrogen, gen-

erated with water neither cloud nor peroxide of hydrogen.

According to Meissner, antozone is formed by all processes of oxidation and

combustion in oxygen ; and, since the ozone enters chiefly, during combustion,

into the oxide thus generated, that the result is principally antozone (or peroxide

of hydrogen) in the free state. Antozone is, therefore, according to Meissner,

the cause of the cloud in tobacco smoke, the smoke of chimneys, of gunpowdei',

fogs, and aerial clouds, Meissner found that the fumes of phosphorus in the

air are antozone clouds, and not nitrate of ammonia, the greater portion of the

ozone generated by the reaction being absorbed by the phosphorus.

Meissner discovered that air saturated with moisture gives a cloud, upon sud-

den rarefaction, until the barometric pressure is reduced to eight inches. This

corresponds to an elevation of 27,000 feet. By the observations of Kamtz, the

average altitude of the lightest and highest clouds, the cirrhi, is 20,000 feet,

and their greatest height 24,000 feet.

According to Meissner, water condensed from air or oxygen has the form of

vesicles, Avhile, when it is separated from other gases, the moisture condenses

in the form of rain or solid drops.

A most curious occurrence of antozone presents itself in the fluor spar of

Wolsendorf, in Bavaria. This mineral has a peculiar smell, due to antozone,

which Schoenbein found in the proportion of ^o^oo ^^ ^^^'^ weight of the spar,

because five grammes, when rubbed with water, yielded 2.125 milligrammes of

peroxide of hydrogen. Since antozone is contained in powder-smoke, it may
be surmised that the copious rains which follow great battles are due, in a mea-
sure, to this body, the decomposition of the cloud of antozone-water being either

a cause or an effect of the electrical excitement in the atmosphere.

Having prepared antozone from an antozonide, Schoenbein sought to obtain

ozone from an ozonide, and selected permanganate of potassa for that purpose.

Bertazzi had already (Cimento ii, 291) shown that by the action of dilute

sulphuric acid, at a low temperature, upon this salt, a gas was generated which
had the properties of ozone. Schoenbein, upon a further investigation of the

subject, found that peroxide of barium projected into the olive-green solution of

permanganate of potassa, and oil of vitriol, of 1.85 specific gravity, evolves a gas

which has the smell and chemical properties of ozone. It acts strongly upon
the mucous membrane, polarizes platinum negatively with great power, and
destroys organic coloring matter and pyrogallic acid at the ordinary temperature.

R. Boettger, in calling attention to this experiment, states that he had tAvo

years previously described the eff'ect of oil of vitriol and permanganate of po-

tassa in producing a long-continued evolution of ozone, lie considers the addi-

tion of peroxide of barium superfluous, and, for the development of ozone,

adds two parts of dry powdered permanganate of potassa to three of hydrate
of sulphuric acid in a bottle. By this reaction a strong ozone smell is at once
perceived, and all of the characters of the gas may be established by the proper

reagents.

Schoenbein has determined that antozone has a density less than hydrogen,
and that it liouefies at a pressure of 150 atmospheres. Ozone and antozone,
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exposed to the dark rajs of the spectrum, unite, with explosion, and yield

ordinary oxygen.
Schoenbein considers that oxygen undergoes chemical polarization in the

body when respired, and accounts thus for the rapid changes which take place

in the tissues. He has found peroxide of hydrogen in the urine, and has dis-

covered that the blood corpuscules instantly decompose this compound. lie

has given the following test for the peroxide of hydrogen. To water, supposed

to contain the peroxide, he adds one or two drops of a solution of a salt of

bismuth, nickel, cobalt, thallium, &c., and then just enough of potassa to pre-

cipitate the hydrated oxide of the metal. lie then adds a little iodide of po-

tassium and starch, and lastly one or two drops of acetic or dilute sulphuric

acid. If tbe merest trace of peroxide of hydrogen be present, the liq[uid is

instantly colored blue.

The following is Schocnbein's method of determining quantitatively the de-

composition of oxygen into ozone and antozone. During the slow oxidation

of metals, according to this chemist, the oxygen is chemically polarized; one

of its atoms (ozone) unites with the metal or oxidizable matter, while the other

atom (antozone) combines with water to form peroxide of hydrogen. Schoen-

bein agitates an amalgam containing five per cent, of lead, with very dilute

sulphuric acid of known strength, in a large bottle partially tilled with air or

oxygen. After a few moments of agitation, a quantity of sulphate of lead is

j)roduced, and peroxide of hydrogen is found in the acidulated water. He
ascertains the oxygen Avhich has combined with the lead, by determining the

amount of uncombined acid, thus calculating the sulphate of lead formed, and
consequently its oxygen. He determines the peroxide of hydrogen in another

portion of the water by a standard solution of permanganate of potassa, and
finds the quantity of oxygen in this peroxide to be very nearly the same as

that contained in the oxide of lead.

DiflPcrent chemists have determined the diminution of volume experienced by
air or oxygen during ozonization.

Andrews and Tait placed pure dry oxygen in a tube and discharged elec-

tricity through the gas. With still discharges a diminution took place, Avhicli

was at first rapid and then slow until a maximum was reached, yielding a
diminution equal to J^ ^^ the original volume. When, now, a few sparks were
passed through the gas it expanded :| of the former diminution, but did not

attain its original volume. With rapid or spark discharges, oxygen experiences

a diminution of volume, although less than by still discharges. Oxygen, con-

tracted by the formation of ozone, when left to itself at the oi-dinary tempera-
ture, expands again gradually. At 100^ Centigrade it expands more rapidly,

and at 270^ it regains its original volume and loses all of the characteristics of
ozone. At this temperature, therefore, ozone is destroj^ed. Andrews and
Tait found that, by still discharges, oxj'gen cannot lose more than Jg of its

volume, unless the ozone be removed as fast as it is generated, in which case
the diminution may proceed indefinitely. They determined 60 for the density
of ozone compared Avith oxygen, Avhich m.fkes it six times lighter than lithium.

They were unable to condense it to a liquid at ordinary pressures by a freezing
mixture of solid carbonic acid and ether.

Ozone may be prepared for examination most readily by dropping, in small
quantities, dry permanganate of potassa in a bottle containing a little oil of
vitriol, or by placing a stick of phosphorus, scraped clean under water, in

the bottom of a capacious vessel containing enougii lukewarm water to half
submerge the phosphorus. In either of these cases a slip of iodide of potas-
sium starch-paper becomes instantly blue when immersed in the air of the ves-
sel, and the dilfereut ozone reactions may be readily perceived by employing
the appropriate tests. The gas may also be invcstigiited with the above starch-
paper in the neighborhood of a point upon the prime conductor of an dec-
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trical macliine, from which still discharges are issuing. It may be obtained by
the inductive current of the Ruhmkorff coil, or by the electrolysis of water,

using a powerful Bunseu or Grove battery, and employing gold or platiua for

the positive electi'ode, from which proceeds a current of oxygen, laden with
ozone. The hydrogen gas, issuing from the negative electrode, possesses no
odor of ozone, but this smell is perceived when the two gases are collected

together. The antozone, formed here by the polarization of the oxygen, unites

with the water to peroxide of hydrogen. If the water thus electrolized con-

tain substances capable of union with oxygen, as hydrochloric, hydriodic acids,

and their salts, also sulphurous acid, sulphuretted hydrogen, coal, iron filings,

&c., or if the liquid or electrodes be heated, no ozone smell is perceived.

There is no process for obtaining pure and isolated ozone, although a con-

stant current of air laden with this gas may be procured for a certain time by
the action of sulphuric acid upon permanganate of potassa, or by passing

moist air through a tube containing pure phosphorus, and washing the gas v/itli

water. The generation of ozone by the electric discharge is so slow that Eau-
mert, by passing 500,000 sparks in an hour, obtained only enough of this gas

to liberate one milligramme of iodine from its potassium salt.

Circumstances influence the production of ozone by the electrical discharge.

Under the same conditions, sparks of 25 millimetres in length generate twice

as much ozone as sparks of 4 to 5 millimetres long.

Employing hermetically sealed tubes of ^^^j millimetres diameter and 70 mil-

limetres long, § of the oxygen can be converted into ozone; but by continuing

the discharges the ozone diminishes, so that in 24 hours it equals only ^^ of the

original oxygen.
By the electrolysis of water, containing jg- of sulphuric acid, Baumert ob-

tained only one milligramme of ozone in 150 litres of the mixed gases ; but

when the Avater contained chromic acid instead of sulphuric, he found the same
quantity of ozone in 10 litres of the mixed gases.

Ozone is.generated by means of phosphorus only in a moist air, containing

oxygen at a medium temperature. When the atmosphere is deprived gradually

of its oxygen, by means of ignited oxide of copper, the production of ozone
diminishes, and ceases entirely when there is no longer any. oxygen present.

Ozone is not formed in pure carbonic acid or hydrogen gases. With 1

volume of oxygen and 4 of carbonic acid, the formation of ozone is easy. In
an explosive mixture of hydrogen and oxygen, the generation of ozone is pow-
erful ; the phosphorus shines vividly, and can acquire heat sufficient to kindle

and explode the mixture of gases. In pure oxygen, at the ordinary pressure

of the atmosphere, phosphorus, by the presence of water, does not produce

ozone until the temperature is raised from 75.2° to 86° Fahrenheit. At this

temperature the phosphorus begins to emit light, and the illumination and
ozone generation are powerful at 96.8° Fahrenheit.

Oxygen expanded to four times its volume, by the air-pump, yields ozone, by
phosphorus, at the ordinary temperature ; but at 32° Fahrenheit there is no
production of ozone. In dry air phosphorus generates ozone slowly, as the

phosphorus soon becomes coated, which prevents the action of the air. There
is a connexion between the shining of phosphorus and its generation of ozone,

so that this production exists in proportion to the intensity of the illumination;

but we are ignoraat of the cause of this connexion.

If we well wash air ozonized by phosphorus and place in it a piece of car-

bonate of ammonia, so that the gas reacts alkaline, and wash the gas again, it

still gives all of the characteristic I'eactions of ozone.

According to Schoenbein's experiments, 1,000 grammes of phosphorus are

capable of converting 1,720 of oxygen into ozone. By another trial he gives

0.43 gramme as the yield of ozone by 1 gramme of phosphorus. By hanging
silver leaf in a vitriol carboy tilled with ozonized air, he could deozonize the
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same in four hours; and, by repeatiug the process for several weeks, he was

able to prepare as much as 20 grammes of the peroxide of silver. Ozone

results also from the slow oxidation of pure ether, eifected by the means of a

platinum spiral heated to redness and placed in the vapor of the ether. Accord-

ing to Schoenbein the combustion of hydrogen, carbide of hydrogen, and of

kindred gases, produces ozone.

The odor of ozone is so powerful that air containing only one millionth of it

has a decided smell of the gas. Ozonized air raised to the temperature of

482° to 572' Fahrenheit, is deprived instantly of this body.

A very characteristic action of ozone consists in its polarizing effects upon

the metals, particularly upon platinum, gold, and, to a less extent, crtpper. An
ozoniferous atmosphere behaves like one containing chlorine or bromine. If a

slip of gold or platinum is immersed in an ozone atmosphere, it acquires a nega-

tive polarity in a few seconds. When such a slip is united with an ordinary

one and the pair is plunged in acidulated water, a current is generated which

acts powerfully upon the needle of the galvanometer. Antozone, also, polarizes

platinum negatively, but less so than ozone.

In the preparation of ozone by phosphorus, an odor characterized as "garlic"

is first perceived. Gold or platinum, immersed in such air, is polarized posi-

tively, and this condition may remain for a considerable time if the tempera-

ture be low. Presently, with a temperature of 53.6° to 60.8" Fahrenheit, the

gas exchanges its " garlic" for an ozone smell ; and, at the same time, the metal,

after quickly passing Volta's point of indifference, acquires a negative polarity.

The least moisture deposited upon the metal, also an elevated temperature, pre-

vent, or, if present, destroy this polarization. It is also lost in the air gradu-

ally, and immediately in hydrogen gas, which even communicates a positive

polarity.

Ozone is absorbed neither by water, caustic ammonia, nor baryta, sulphuric

acid, or dry chloride of calcium.

Schoenbein attributes many of the reactions of oxidation by the " nascent

state'' of the gas to the presence of ozone.

Dr. Phipson has given many of such examples of polarization explanatory

of the ''status nasucns' in a prize essay which is contained in the Smithsonian

Report for 1862.

A paper saturated with a solution of iodine is quickly bleached in an ozone

atmosphere; the product, however, does not react acid, and in contact with

oxidizable bodies, such as sulphurous acid, sulphide of hydrogen, phosphorus,

hydriodic acid, metals like zinc and tin, or protoxides like those of tin or lead,

the paper becomes brown again from iodine.

Solutions of chlorine and bromine act in the same manner ; and it is this

fact, together with the chemical analogies existing between ozone and the

halides, which led Schoenbein to assign to ozone a similar nature.

In the presence of strong bases, such as hydrates of lime or potassa, the

nitrogen of the air may be oxidized to nitre by the action of ozone. Three
thousand litres of ozonized air, agitated with milk of lime, furnish 5 grammes
of saltpetre. Ozone liberates iodine from the iodide of potassium more freely

in the sun than in the daylight ; but when starch is present, the blue iodide of

starch is bleached by the light. Bj renewed action of ozone it becomes blue

again, and the bleaching and bluing may be repeated until the iodide of potas-

sium is transformed completely into iodate of potassa; when ozone is no longer

capable of producing the blue tinge. According to Baumert, the first effect

of ozone upon this salt is the decomposition to caustic potassa and iodine,

which react to form iodate of potassa and iodide of potassium. The ozone

acts upon this iodide as before, until at length the halide is completely oxidized

to iodate of potassa.

The yellow prussiate of potassa is converted quickly into the red prussiate
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by ozone. A crystal of tlie former salt placed in an ozone, atmosphere be-

comes gradually red, the color proceeding from the outside to the inside, and

the solution of ferrocyanide of potassium experiences this change very readily

vhen agitated Avith ozone.

The metals arsenic, antimony, iron, zinc, tin, lead, bismuth, silver, and mer-

cury, are oxidized instantly by ozone, and deprive thereby any atmosphere con-

taining that gas.

The metals arc not oxidized with equal facility. Thus arsenic is oxidized

much more readily than antimony, which affords an additional means of dis-

tinguishing between these bodies in judicial inquiries. An arsenic spot in a

strong ozone atmosphere is converted instantly to arsenic acid, while an anti-

mony mirror requires several days for its disappearance. Dry mercury, or that

covered with water, does not absorb ozone ; if the metal be merely moistened,

it takes up ozone readily, becoming yellowish upon the surface.

Silver, in the state of leaf or sponge, absorbs ozone quickly, as has been
stated already. This metal may be employed for separating ozone from ordi-

nary oxygen.
The more readily oxidized metals, as protoxides of manganese, iron, tin, &c.,

as well as those which, like protoxides of silver and lead, are not so easily

changed to a higher state of oxidation, are peroxidized by ozone.

A solution of the sulphate of the protoxide of manganese is browned in-

stantly in ozone from the above cause, and, according to Schoenbein, this reac-

tion is perceptible in a dilute solution of sulphate of zinc, which contains as

an impurity only j^j^q of manganese. If hydrated oxide of lead be spread

npon paper, or if basic acetate of lead be employed, ozone will communicate
to the paper first a yellow, then a red, and finally a brown coloration from the

peroxidation.

If the lead paper be blackened by means of sulphide of hydrogen, it may
be bleached in ozone, which is due to the production of the white sulphate of

lead.

Organic bodies are very readily oxidixed in ozone, as shown by the experi-

ments of Schoenbein, Baumert, Gorup von Besancz, &c. Thus wood, straw,

cork, starch, humus, vegetable colors, caoutchouc—pure and vulcanized—the

fats and fatty acids, alcohol, albumen, blood, &c., have been found to be all

acted upon by this agent. Ozone bleaches litmus Avithout first reddening it.

Certain fungi become blue in the air, and the cut surface of an apple becomes
brown by the action of ozone.

Gum guiacum, which becomes gradually blue in the air, owes this change to

ozone, as was first shown by Schoenbein, who employed this substance as a

reagent for ozone. To prepare guiacum papers, one part of the gum is dis-

solved in thirty parts of 90 per cent, alcohol. One gramme of ordinary alco-

hol is charged v/ith a few drops of this solution, and the paper slips are dipped

therein and dried. The papers are blued rapidly in an ozone atmosphere.

They lose this color when exposed to the air, but regain it in ozone, and the

process may be repeated until the guiacum is fully oxidized. Certain metals

and other bodies, especially nitrous acid, chlorine, bromine, peroxides of man-
ganese, and lead, &c., will blue guiacum tincture.

The following is Schoenbcin's method of determining ozone quantitatively

in a mixture from its bleaching effect upon the solution of indigo : The ordi-

nary solution is diluted with sufficient water to be just opaque blue. One hun-

dred grammes of this solution receive an equal weight of hydrochloric acid,

and are then boiled. The heated liquid is treated with a solution containing

YQi) of chlorate of potassa until the blue color is exchanged for a brownish
yellow. If, now, for the destruction of the 100 grammes of indigo solution,

100 milligrammes of chlorate of potassa (which contain 39 milligrammes
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of oxygen) were employed, then 1 milligramme of oxygen would destroy

J0_o=9.564 grammes of iudigo solution. Now, to tliis last quantity of the

ori^nnal indigo solution, containing liydrocliloric acid, enough water must be

added to dilute it to 10 grammes,* in order to obtain a normal solution of

which 10 grammes will represent 1 milligramme of oxygen or ozone. One

part of the above normal solution may be further diluted with 9 parts of Avater

to yield j^g normal test, in which 10 grammes will indicate jL milligrammes of

ozone.

The analysis is performed as follows, for example, upon a bottle of air

ozonized by phosphorus : A little of the normal iudigo solution is agitated

with the air in the bottle for a few minutes, and the air is then tested for ozone

by iodide of potassium starch, and the process is repeated until no ozone is

indicated even by a slightly elevated temperature. Then, for every 10-

grammes of the normal indigo solution employed, 1 milligramme of ozone is

present, and for every 10 grammes of the J^ normal solution, J^ of a milli-

gramme of ozone has been found.

Schoenbein discovered the remarkable bleaching properties upon indigo and

other plant colors of certain bodies which appear to absorb ozone, without

combining with it, and thus are in a position to yield the ozone again to other

substances. These bodies have been called " ozone carriers^ They are oil

of turpentine, linseed oil, oil of lemons, tartaric and citric acids, ether, plati-

num sponge and black, powder of silver, gold, and platinum, also metallic mer-

cury. These substances, shaken Avith solutions of indigo, litmus, cochenille, &c,,

discharge the color; with tincture of guiacum they yield a blue tinge, and gi^'e

the same color with iodide of potassium starch. One of the most remarkable

of the ozone carriers is the blood corpuscule. Ozonized oil of turpentine,

shaken with indigo solution, bleaches it after a while, but if blood corpusculcs

are added, the decoloration is instantaneous. Platinum black is also very active

in its bleaching effects.

One of the best known ozone carriers is the oil of turpentine. If a bottle

be \ filled with this body, exposed to the sun, and frequently shaken with air,

removing the stopper from time to time to renew the air, the oil is speedily laden

with ozone. After a time the oxidizing or bleaching effect of this oil is lost,

probably from its ozone entering into combination with it. Its bleaching

effect may be ascertained quantitatively by means of a solution of indigo.

Schoenbein prepared an oil of which 1 gramme possessed the same bleaching

power as 2 grammes of the best bleaching powder, (hypochlorite of lime.)

The ozonized oil bleaches most rapidly Avhen Avarm, but its absolute decolor-

izing poAver is then less. All turpentine kept Avith access of air becomes

'

ozonized, as may be seen from the bleached and corroded corks employed in

cloying the vessels containing it. Upon the animal organism ozonized oil of

turpentine acts more energetically than oil not ozonized. According to Seitz,

5 drops of ozonized oil throAvs into couA'ulsions and kills a frog and destroys
other small animals, AAdiile 20 drops of the pure oil produce no such cifect.

Not long since a statement prevailed that the disease called painter's colic is

due, not to the lead absorbed, but to the oil of turpentine. If this be so, the
ozonization of the turpentine may be the active agent for mischief, although
the lead may also be hurtful.

The existence of ozone in the atmosphere has been known since the discovery,
of the body ; but the conditions which govern its presence, as Avell as the actual

quantity of the gas, are yet undetermined. This arises from the small amount of
ozone in the air, from the readiness Avitli Avhich this active oxidant is destroyed
by the presence of bodies upon Avhich it may act, and also for the Avant of a re-

* Hence, in this case, 10—2.564=7.436 Avater Avill be needed.
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liable quantitative test. Tlie largest proportion witli wlilcli the air Las been
artiticially loaded witli this substance amounts to y^-g- of its volume.

Ozone may be determined quantitatively by ascertaining the amount of

iodine liberated from iodide of potassium ; by determining- the quantity of pe-

roxide of silver which it produces ; or by finding the proportion of indigo solu-

tion which it decolorizes. But this kind of test has never been applied to a

great extent in dctei mining the atmospheric ozone in long series of observa-

tions, owing to the diiHculiy and labor of applying it.

A large volume of air brought slowly to act upon a small pi-oportion of the

reagent is necessary for this ])urpose. In aspirating twenty-four litres of external

air during a period of two and a half hours, concentrating its action upon a

circle Jg of an inch in diameter on a delicate iodide of potassium starch paper,

I was unable to detect the slightest ozone reaction, although a slip of similar

paper exposed all day to the free atmosphere was colored sensibly.

The ordinary mode of observing ozone in the atmosphere consists in ascer-

taining the amount of color produced upon paper containing iodide of j^otas-

sium and starch, using precautions against the bleaching effect of the light

upon the iodide of starch developed by the ozone. A scale of shades of color

is employed for determining, by comparison, the proportion of the gas in ques-

tion present in the atmosphere. Boehm found that this test, prepared from
tke same recipe by different persons, gave varied results. According to Osann's
formula, thirty-two grains of starch are rubbed in a mortar, with the same
quantity of cokl Avater ; three grains of iodide of potassium are then dissolved in

four ounces of boiling water, and the solution is added to the starch and well

incorporated with it. After boiling once more, the test is cooled and placed in

a bottle for use. When reagent paper is required, slips of Swedish filtering

paper are shaken up with the starch liquid, and then dried. This paper is in-

stantly colored of a deep shade of blue when exposed to the ozonized air of a
bottle containing phosphorus and a little Avater. Exposed during the night to

the atmosphere, the coloration by ozone i^ very decided.

In the ordinary atmospheric ozone (observations the velocity of the air-cur-

rent which traverses the reagent paper influences the result by bringing a greater

proportion of ozone upon the test in a given time. The determinations which
liave been hitherto made are very vague, unsatisfactory, and yield but rude

comparative results as to the subject in question.

Notwithstanding this difficulty, theories have not been wanting as to the in-

fluence of ozone upon the health. The oxidizing action of ozone upon organic

substances as shown by Gorup von Besanez, the phenomena of ozone carriers,

such as oil of turpentine, platinum sponge, and the Llood corj'uscuhs, have
facilitated the formation of such theories.

Dr. Smallwood, in a long series of observations upon the atmosphere of Can-
ada during the prevalence of the cholera and at other times, favored the in-

ference of a deficiency of ozone during the epidemic.

Dr. Moffatt concluded, from a large number of observations in England, that

the ozone in the atmosphere plays an important part in controlling or prevent-

ing epidemics, which it effects by removing the infectious matter from the air.

During the prevalence of the cholera at Newcastle, in 1853, this gas was at

its minimum. From August 24 to September 11, 1854, when the disease was
at its height in London, ozone was observed only once, and then in but small

quantity. On the lOtli September a south wind prevailed, by Avhich the ozone
was found to increase, and the cholera cases diminished. During the Crimean
war the surgeons of the Erencli army established the following facts :

1. In proportion as the ozonoscopic papers were more colored in the air, the

more numerous were the sick taken to each of the hospitals.

2. When the temperature was higher, there were fewer sick and fewer deaths.
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3. At the three observatories the curves designating the proportion of ozone

were essentially the same.

4. The curves for temperature were also identical.

5. At observatory No. 1 the quantity of ozone was inversehj proportional

to the number of deaths, while in observatory No.> 2 this proportion was a

direct one.

Bineau detected ozone but seldom in the air of Lyons, although he observed

it always in the air of the neighboring country. He attributes the deficiency in

the city to the action of organic matter in the air.

Pless and Pierre discovered 0.02 millegramme of ozone in 255 litres of at-

mospheric air.

Zenger found in twelve experiments from 0.002 to 0.01 milligramme of this

body in 100 litres of air.

11. Angus Smith ascertained that the air of Manchester did not react with

ozonoscopic paper, nor Avas there any reaction in the country when the air had

first traversed the city; which he attributes to the absorption of ozone by the

products of combustion, (antozone ?) arising from the large amount of coal burned

in the city.

0. Kosmann ascertained that in Strasburg, and at a short distance from the

city, there was more ozone in the air of the country than in that of the city.

In the city, the ozone maximum occurred in the daytime ; in the country, at

night. He found also, by the action upon Schoenbein's test paper, that the

green portions of all plants exhale ozone.

Mr. Carey Lea discovered that the growth of plants is retarded in an atmo-

sphere strongly impregnated with ozone.

A. Poey found that in the city of Havana the ozone reaction diminished

with the elevation, while in the country the reverse was observed. He also

discovered that the moisture of the atm^isphere influenced the amount of ozone.

I ascertained that the air of the public grounds in Washington yielded, at

night, abundant evidence of ozone, while the atmosphere of the streets of the

city, observed at the same time, indicated an absence of this ga^-.

Dr. W. B. Rogers found that the air passing over Boston was deprived of

its ozone by the emanations from the city.

M. Hozeau, of llouen, inferred, from a series of observations which extended

over four years, that the atmospheric ozone is least in February, begins to in-

crease in March, and reaches its maximum in May and June, after which month
it diminishes to its minimum in February.

J. Boehm has given the results of four years of regular observations of ozone,

made in the city and environs of Prague. His ozonoscopic paper was observed

and changed at 7 a. m. and 7 p. m., the proportion of ozone being determined
by the depth of shade of the color produced. He found that the ozone bears

no relation to the relative hiunidity, rain or thunder storms, clouds, &c., but is

intimately connected with the force and direction of the wind, which was gen-

erally from the west when the phenomenon of color was observed. Tlie reason

of this fact is the relative position of the observatory to the city of Prague, so

that all easterly winds passed over a thickly-settled portion of the town, by the

emanations of which they were deprived of their ozone.

In the country and suburbs, Boehm found ozone constantly present. With-
out expressing a decided opinion upon the relation of ozone to health, tliis

physicist calls attention to the fact that in Koenigstadt, a place not particu-

larly noted for its salubrity, he obtained as decided reactions of ozone as upon
the healthiest mountain, and that the coloration of the test paper is more de-

cided in Vienna, a city noted thr its lung and typhoid fevers, than in Prague,
which is ranked justly with the healthiest towns.
From what is known at present respecting "antozone," it would seem that

this body plays an important part in depriving the atmosphere of ozone.
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In judging from the reaction upon iodide of potassium starch paper, ozone is

always in the free atmosphere in variable, but small, quantity. Such test pa-
pers are not blued when closed in a bottle, and scarcely so, if at all, in a room.
By exposure to the external atmosphere the effect upon them is extremely va-
riable. Sometimes in cities it is imperceptible. According to Osann, the color-

ation is greater by night than by day, and is more decided towards sunri.-^e, at

the time when the atmospheric moisture is precipitated. It is greater in winter
than in summer, stronger with clouded than with clear sky, and is especially

powerful with snow clouds. Every flake of snow falling upon the test paper
produces a blue stain. By atmospheric electrical discharges ozone is, as might
be expected, very prevalent. Schoenbein calls attention to the ffrct that the

odor in the neighborhood of places struck by lightning is exactly that of ozone.
The whole subject of ozone, whether in its physical or physiological rela-

tions, is intensely interesting, and promises, when understood, to be the mi;ans

of solving many problems in the sciences now so ditHcult to be comprehended.
No field of research appears to promise so rich a harvest to the skilled and
patient observer.

12 s
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BY J . J A M I N ,

TRANSLATED FOB THE SMITHSONIAN INSTITUTION FROM THE "REVUE DE3 DEUX MONDES.'

Persons wlio are uot devoted to tlie physical sciences will, perhaps, pardon

me if I take the liberty of recalling to them that the air in the midst of which

animals and plants live is a mixture of two very dillerent gases. The one,

almost inert and without appreciable influence in the phenomena of nature, is

called azote ; the other, on the contrary, possesses the most active properties

and performs the most important part in the support of life on the globe'; this

is oxygen. Among other properties it possesses that of uniting with carbon

or charcoal, and while thi.:i union, or, to apply the scientific term, this combi-

nation is taking place a considerable (j[uantity of heat and light is disengaged.

The carbon is said to burn, and it Avas thought at first, without reilcctiou, to

be annihilated ; it is, however, merely transformed into a gas which mingles

with the atmosphere, from which the chemist can recover not only all th(! car-

bon which has been burned, but all the oxygen which united with it. lu order

to recall to the memory the origin and composition of this compound gas it

has received the name of carbonic acid.

Wood, which is essentially composed of carbon and water, burns in the same

manner as carbon, expelling the water in the form of vapor and trausforniiug

the carbon, by its union with the oxygen of the air, into carbonic acid. I'ruit,

herbs, bread, and all our aliments, having a chemical composition analogous to

that of wood, may, like it, be burned in a furnace, and Lavoisier has taught us

that the substance of these aliments undergo a real but slow combustion in ihe

respiratory system of the animals which eat them. Every animal is therefore

a furnace, every aliment a combustible ; the oxygen of the air is absorbed in

respiration, is replaced by carbonic acid, and the water ejected by the natural

outlets or by exhalation.

Since carbonic acid is necessarily produced by animal life it must form an
integral part of our atmosphere. Chemists, in eii'ect, detect it there, but in the

minute proportion of four or five parts of the acid in ten thousand of an. It is

a gas which can neither support life nor combustion, since it is, on the contrary,

the product of these processes. Hence all animals confined under glass bells,

filled with air, rapidly exhaust the oxygen, replace it by carbonic acid, and
soon die, not from a poisonous effect of the gas, but from a want of respiratory

Biistenance.

Having recalled these facts, I shall describe a celebrated experiment which
vegetables themselves are continually performing in our midst without our

having consciousness of it, though it is accomplished on an immense scale, and
may be justly considered one of the most essential phenomena of the world

;

an experiment, moreover, so simple that any one may repeat it at pleasure. In
order to success, it is necessary to take a healthy and fresh branch, in full

foliage, of one of those aquatic plants which grow immersed in ponds or rivers
;

introduce it into a glass jar, Avhich is then filled with spring water, or, still

better, with what is called mineral water, which contains, as we know, a large

proportion of free carbonic acid ; having closed the mouth of the jar whea
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full, we invert it in a basin filled witli water ; if we tlien open tlie moutli the

water will retain its elevation and continue to fill the inverted jar. The appa-

ratus being thus arranged is to be carried to an open place where it can receive

the direct rajs of the sun. As soon as the light striJics the leaves of the im-

mersed j)lant we see them become covered with a multitude of bubbles, which
rapidly enlarge, unite and rise to the upper part of the jar, where they accu-

mulate. Whenever the light ii intercepted by the intervention of an opaque
bcreen the disengagement of bubbles stops, and we can, at will, and even at a

distance, by alternately intercepting the light and permitting it to strike the

leaves, arrest or restore the production of the bubbles. At the end of some
hours of continuous action the jar will be filled with gas, which resembles in

ordinary appearance atmospheric air, but has not its properties, for if we intro-

duce suddenly into the interior of the jar a small taper which has just- been
extinguished, but Avdiich still retains at the extremity of its wick a few glowing

points, it again instantly kindles and continues to burn with unwonted brilliancy.

The gas is not air, but oxygen. In this form and with aq^^atic plants the

experiment is striking, because the production of the gas in this case is rapid,

and we assist, as it were, at the birth of the oxygen. We can produce the

same effect, perhaps less rapidly, with all plants ; and in prder not to change
their ordinary condition we may expose them to the sun, under glass bells, pre-

viously filled with carbonic acid ; after the lapse of a day the carbonic acid gas
will have disappeared and its place be supplied with nearly pure oxygen.
Whatever may be the plant, or wliatever be the experimental process employed,
the action remains always the same. The explanation of the fact is easy. The
green part of the vegetable decomposes the carbonic acid, extracts the carbon,

which it appropriates to itself, and abandons the oxygen to the atmosphere.

In the dark, and during the night, the part performed is changed ; then, in-

stead of absorbing carbonic acid, the plant gives it off; but the nocturnal re-

action being inferior to that of the day, the plant performs a part on the whole
which is opposite to that of the animal—it absorbs the carbonic acid which the

latter exhales, and returns to the atmosphere the oxygen which the animal

consumed.
Seeing the experiment so clearly, and its explanation so simple, it is difficult

to conceive that they were not seen at the first glance. We find it difficult to

believe that this was not the case ; but every great discovery is made at a cost

to humanity. At the beginning all is obscurity and perplexity, and it is only

after long research and after much hesitation that we settle upon a few scat-

tered truths, and when a clear and steady light illuminates all the previous

obscurity it is only after the labors of several generations are collected and the

efibrts of a succession of men of genius have been devoted to the object. The
history of great discovery is not without interest, and I purpose in the follow-

ing pages to retrace the several steps which have led to the establishment of

the relations which exist between plants and the atmosphere, including in the

sketch some of the results of the more recent investigations.

I.

Charles Bonnet, a Genevese physician, was the first who experimentally un-

dertook, about the middle of the eighteenth century, the problem which occupies

us. It was the perusal of a once celebrated work. The Spectacle of Nature,

which had decided his vocation. His attention was first directed to the subject

of spontaneous generation, a question agitated even at that period, and the inter-

est of which has but augmented with the progr(3ss of time. He relinquished this

subject to consider another whose fertility he did not perhaps altogether a,ntici-

pate ; it Avas the inquiry. Of what use are leaves 1 and he made two experiments

which have acquii-ed a certain classic character. By the first, he proved that
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light exerts over the green portions of vegetables so strong an attraction that,

if^placed in the dark, they direct themselves towards the smallest openings

vi^hich convey it to them. The second showed that when plunged in water,

plants disengage in sunlight a large quantity of air ; but there Bonnet stopped:

he knew not what that air was, nor could he know it, since at that epoch the

first principles of modern chemistry were known to none.

Priestley, who was the rival and in some respects the predecessor of Lavoi-

sier, was led by the results of his discoveries to study the action of plants on

the atmosphere. He had just succeeded in isolating the remarkable gas which

energetically supports the combustion of a lamp and the respiration of animals,

and had for this reason called it vital air. He had ascertained, moreover, that

small animals confined in this air or in atmospheric air soon changed its proper-

ties to such an extent that the animals died and the flame was extinguished.

It is true, Priestley did not know the real nature of oxygen, and through a blind

feeling of rivalry refused to the end to adopt the theory of respiration just an-

nounced by Lavoisier ; but he knew, nevertheless, how to deduce from his experi-

ments a logical consequence which was of the greatest importance. Perceiving

that these little animals vitiated the confined air by their exhalations, he com-

prehended that all tlje individuals of the animal kingdom produce the same ef-

fect continually on the entire atmosphere, and that they must infallibly die, if

there were not in the action of natural forces some inverse action constantly

tending to restore to the air its purity, in proportion as this was destroyed by
animal respiration. He proceeded to seek for this counterpoise, this regenera-

tive action, and he found it in vegetables.

He placed in the air confined under a glass bell an animal and a plant. The
former corrupted the air and died ; but after the lapse of a certain time, Priest-

ley discovered that the latter had restored to the air the vital property or the

j)urity necessary to support life. This was one of the most important facts of

the mechanism of our world. From this moment, it was known, though not

yet in its details, that vegetables and animals execute antagonistic functions,

these rendering the air unfit for the support of life, those repairing the mischief.

The lloyal Society of London conferred on Priestley, in 1773, the Copley
medal, and in presenting it, the president of that celebrated company thus

characterized the discovery of Priestley

;

"Plants do not ^row in vain; each individual in the vegetable kingdom, from the oak of

the forest to the grass of the field, is useful to the human raee. All plants contribute to

maintain our atmosphere in the degree of purity necessary to animal life. The forests, even,

of the most remote countries contribute to our preservation, while deriving nourishment liom
the exhalations of ovu" bodies which have become injurious to om'selves."

This glory of Priestley, however, was to be overclouded. After such success-

ful labors, such grand and comprehensive views, such rewards and public honors,

Priestley desired to repeat his former experiments, and obtained wholly oppo-

site results
;
plants, instead of purifying the air, now appeared to him to poliule

it. Surprised at this inexplicable contradiction between the past and the pres-

ent, he multiplied and varied his experiments, and all that he could substan-

tiate was, that vegetables possess the property at one time of purifying, at

another of vitiating the air. The law which had won for him the Copley medal
was therefore not general, and the consequences he had drawn from it not in-

contestable. A refugee in America, after a life agitated by religious discussions,

Priestley died in 1804, having made in chemistry brilliant discoveries which he
did not comprehend, and in vegetable physiology contradictory experiments
which he was not able to reconcile.

Yet Priestley was deceived in .nothing
;
plants do in fiict alternately perforai

the two functions which he had assigned to ihem, and the only thing which he
had not JLsoovcred AViis the condition which determines, frequently the rectora-

tive, occasiomilly the deleterious action, a condition which Bonnet had caught
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sight of, and wliicli Ingeiiliousz was soon to place in open day. IngenhoUsz was
born at Breda, in 1730 ; he was a physician, and came to Enghmd to observe
the process of inocuhition for the small-pox, which was then beginning to be
practiced. It was during this visit that he became acquainted with the labors

of Priestley, and resolved to explain their contradictions ; this he succeeded in

doing in 1779, and he has himself recorded his discovery in these words

:

" Scarcely had I entered upon these researches, when the most interesting views presented
themselves. I observed that plants not only possess the faculty of correcting impure air in
six or more days, as the experiments of M. Priestley seear to indicate,- but that thoy accom-
plish this important office, iu the most complete manner, in the course of a few hours ; that
this surprising operation is by no means owing to vegetation, but to the influence of the
light of the sun upon the plants; that it commences only after the sun has for some time
risen above the horizon, and that it is completely suspended during the darkness of the
night ; that plants shaded by tail buildings, or by other plane s, do not perform this function

—

that is, they do not puiify the air, but, on the contrary, exhale a deleterioiis air, and diil'use a
real poison through the atmosphere which surrounds us ; that the production of healthy air

grows languid towards the close of day, and entirely ceases at sunset; that all plants cor-

rupt the ambicut atmosphere during the night ; that all parts of the plant are not engaged iu
puritying the air, but only the leaves and green branches ; that bitter, ill-smelling, and even
poisonous plants perform this olfice equally with those which diffuse the sweetest scents and
are most salutary, &c." •*

lugenhousz had thus succeeded in discovering the force which occasions the

respiration of plants. That force which had not before been suspected is from
the sun, is light. It diffuses itself over the leaves, which absorb it, and fullils

the vast work of regenerating the atmosphere. Thus far the most important,

as also the most diihcult part of the task was achieved; but there remained
yet quite as much to be done. The sciences resemble the sieve of the Danaides

;

each one tries to fill it; no one succeeds, because every discovery discloses a

new horizon and presents a more remote goal which is never attained. After

Ingenhousz, it still remained to be asked in what consisted that alteration of the

air which animals occasion, and the remedy which vegetables supply. It be-

longed to chemistry to answer, and Lavoisier, though not specially operating

with that yiew, furnished the solution of this new problem. He furnished it on
that day when he showed that animals absorb oxygen, burn slowly the organic

materials with which they are nourished and return by expiration a quantity

of carbonic acid containing all the carbon which they have consumed. The
vitiated or corrupted air, as Priestley and Ingenhousz called it, was consequently

air deprived of oxygen and charged with carbonic acid, and, since plants purify

it, this clearly indicates that they decompose that carbonic acid, retaining the

carbon and restoring the oxygen to the atmosphere.

Considering the then existing state of chemistry, it might be thought that

every one would have divined and proclaimed this explanation. It was not so,

however, and new experiments were needed to discover it. It was a Genevese
who had commenced this long train of deductions, and it was another Genevese
who had the honor of completing it. His name was Sennebier ; he had been

the friend of Charles Bonnet, and to his example owed pursuit of the sciences

as well as the councils which determined him to the study of the relations of

plants and the air. He ascertained that vegetables placed in boiled water dis-

engage no gas in the sun, but that they develop oxygen in abundance when
the water has been previously charged with carbonic acid. He thence con-

cluded that this gas is necessary to the respiration of plants, that it is decom-

posed by them, and thus had the honor of announcing the law already prepared

and discovered by his predecessors. The question might have now been justly

considered as solved ; but during these labors, which had occupied more than half

a century, many eiTors had become mingled with the truths obtained, and con-

tradictory assertions threw doubt upon difl'erent points of detail. A review of

* Experiences sur les Vegctaiix, par. 1, Ingenhousz, 1780.
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all tliese plienomena was necessury ; it was Thomas de Saussure wlio under-

took to supply this, and who, without adding any capital fact to the cluster of

previous observations, sitccceded in giving them an experimental confirmation

which has not since been contested. After these celebrated experiments, there

was a lono- period of rest. Physicists and naturalists seem to have considered

the question as exhausted, and transferred their inquiries to subjects which

they thought more fertile. Nevertheless, the more recent labors of MM. Uau-

beny. Draper, Cloes, and Gratiolet, and above all of M. Boussingault, have suc-

cessively intervened to raise difficulties which to this day remain in suspense

;

but I prefer to leave out of view whatever does not possess the interest of the

general theory, and shall speak neither of the azote which vegetables seem al-

ways to disengage at the same time with oxygen, nor of certain deleterious

gases, such as the oxide of carbon and carbonated hydrogen, which M. Boussin-

gault has recently detected among the products of their exhalations ; nor, lastly,

of the attempts made without much success to appreciate the special influence

of the different solar rays. What I wish to show is, that after the first investi-

gations above recounted, we find ourselves confronted by a second class, far

more extensive and complex, with which it is now necessary to deal. It is

necessary to inquire what becomes of the carbon which remains in vegetables

after the decomposition of carbonic acid.

II.

While the atmosphere furnishes carbon to the leaves, the boughs bring them
water, which has been drawn from the soil, and it is natural to think that these

two bodies, in meeting, pass mutually into combination ; they, in effect, do

combine and in very variable proportions ; we will cite some examples : if 12

molecules of carbon unite with 20 molecules of water they are enabled to form

either cellulose, which constitutes at once the vessels and entire skeleton of

the plant, or fecula, which is known by everybody, or lastly dextrine, which
is soluble and of which sirups are sometimes made ; but, according to circum-

stances and the organs, the proportion of the two bodies may change, and with

it the chemical products which take place. Thus 12 molecules of carbon com-
bined with 14 molecules of water constitute glucose, or the sugar contained in

i^pe grapes ; and if from this glucose we retrench two molecules of water, it

is the sugar of the cane or the beet which would be formed. In fine, by pro-

cesses which are unknown to us, water and carbon meeting in the leaves com-
bine chemically, and produce an infinite number of compounds, differing ac-

cording to the place, the organs, the nature, the age and the external conditions

of the vegetable.

Besides the substances just spoken of, and which are compounds of carbon

and water, plants give rise to still another class of substances which are char-

acterized by an excess of hydrogen. Tliese are the gums, oils, wax, balsams,

essences, &c. Whence comes this hydrogen 1 They form also substances

in which a fourth element, azote, makes its appearance. Does this come from
the atmosphere ] is it derived from the humus 1 These are questions which
directly* concern agriculture and for which it must consult chemistry. M.
Boussingault is he wlio has treated of them first and best, and ho has been
placed in the most favorable circumstances for doing so, being at the same time

at the head of a great agricultural enterprise, and habituated to the most deli-

cate procedures of chemical analysis. The method he employs is proper to

himself; it is sufficiently general and flexible to adapt itself to the demands of

all special cases. It consi,«ts as follows : In a soil previously analyzed is sown
a small number of giains whose chemical composition has been determined,
and pure water is applied. This last disappears almost wholly by evaporation,

and a small portion only becomes fixed. The plant grows, gains in weight.
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because it draws uourishmcnt from tlie air, and also because it seeks some iu

tlie soil. At tbe eud of a certaiu period of vegetation it is gatbered, and tbcu
we ascertain by new cbemical analyses, first, bow mucb carbon, oxygen, by-
drogen, and azote it bas gained ; secondly, how mucb of tbose substances tbe

soil bas lost—tbat is, bow mucb it bas given up to tbe plant. Tbe difference

is due eitber to tbe air or to tbe water. Tbat settles tbe account, and event-

ually tbe balance of profits and losses.

Tbe application of tbis metbod, as rigorous in its conception as difficult in

its practice, bas disclosed a first fact of tbe same order as tbe decomposition of

carbonic acid. All tbe plants bave acquired an excess of bydrogen wbicb
comes to tbem not from tbe soil or tbe air, ueitber of wbicb contains any ; it

baS', tberefore, of necessity, been derived from tbe water. Plants, tben, do not
limit tbeir action to separating oxygen from carbon ; tbey also divorce bydro-
gen and oxygen, retaining tbe first, expelling tbe second. Tbe water was by-
drogen burned, as tbe carbonic acid was carbon consumed ; in botb cases tbe

plants bave destroyed tbe effects of tbe combustion by delivering up tbe com-
bustible bodies in tbe state in wbicb tbey were before tbey were burnt. In
verifying tbis action, finally exerted on tbe water, it bas not been ascertained

wben it is effected or in wbat organs accomplisbed.

A second consequence flows from tbe analyses of M. Boussingault, namely,
tbat every plant arrived at maturity bas gained azote, wbicb is deposited cbiefiy

iu its seeds ; and as tbis azote may come eitber from tbe air wbicb contains it

in a free state, or from manures wbicb bave communicated it to tbe soil, it was
necessary to institute special experiments to determine its origin. M. Boussin-
gault proceeded as follows : be first sowed trefoil (clover) in a soil formed ex-

clusively of calcined sand, wbicb could only furnisb to tbe plant mineral sub-

stances and tbe pure water witb wbicb it was moistened ; as to azote, it con-

taiuL'd none. Under tbese exceptional conditions tbe trefoil still completed all

tbe pbases of its vegetation, and in tbe end it bad acquired a small but positive

proportion of azote, wbicb necessarily came from tbe air. Tbe Jerusalem arti-

cboke gave tbe same result witb greater distinctness. After baving matured, it

contained twice as mucb azote as tbe seed from wbicb it spx'ang ; but wben tbe
attempt was made to reproduce tbe experiment witb cereals, and above all

witb wbeat, it was found tbat tbe azote of tbe grain was carefully preserved,

but bad in no degree augmented.
In all tbese cases tbe vegetation of tbe plants was extremely embarrassed,

none of tbem baving tbe aspect of bealtbiness wbicb is witnessed in ricb soils

;

tbe articboke, bowever, suft'ered less tban tbe trefoil, and tbis less tbau tbe
wbeat, wbicb could not advance so far as to mature its grains. Tbe reason of
tbis is evident—azote was wanting ; all plants need it, tbe cereals exact it, and
wben tbey do not find it in tbe soil tbey languish and often die. In order to

confirm tbis conclusion M. Boassingault submitted to a comparative trial three

plants of helianthics placed in three exactly similar pots, filled with pure sand
and moistened witb pm-e water. Tbe first received no manuring, but to the
second were supplied eight centigrammes, and to the third sixteen centi-

grammes of azotate of potash. From the first days tbe plants exhibited the

difference of tbe tre:-tmeat to which they were subjected. Tbe first languished
and died ; tbe second vegetated, but remained sickly ; the third was remarka-
ble for its tine health. At maturity, the second had borrowed from tbe soil

four centigrammes of azotate of potash, and the third eight. But wbat was
cbiefiy remarkable was, tbat during its progress tbe last decomposed twice as

mucb carbonic acid as tbe second. The azote thus performed the part of ex-
citing tbe other functions and of giving to the subject which receives it, or of
taking away from that wbicb is deprived of it, the vitality without which it

could not act upon tbe atmosphere.
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Now, "be it remarked, a plant contains more than tlie half of its weight of

carbon and only some thousaudtlis of azote. For what, then, does this sub-

stance serve in vegetation, which is so necessary to it, although introduced in

so weak a proportion 1 M. Payen will teach us. According to this skilful

chemist, all the organs of vegetables commence by an azotized matter analo-

gous to fibrme, to which are added by little and little the cellular and fibrous

tissues which, in expanding, produce the entire plant. This fibrine is never

destroyed, is found in all its organs, and is thus the rudiment of all the pails

of the plant, which cannot be developed without it, and consequently without

the azote, which is its essential base. In fine, plants are composed of carbon,

water and hydrogen in excess ; they contain besides a fourth simple body,

azote, which occurs in a very minute proportion, but whose presence is essen-

tial to life. The atmosphere furnishes carbon in abundance ; water, that is to

say oxygen and hydrogen, is given by the rains ; azote is required from the

soil, and as it is rare therein we introduce it under the form of manure. It is

the great care of the agriculturist ; it is the heaviest, the most indispensable,

and the most productive of his expenditures.

III.

Notwithstanding the important knowledge which we possess on the subject

under consideration, it is still impossible not to recognize on many points the

insufficiency of our information. That which is most inexplicable in our world,

that which should most awaken our curiosity and invite our researches, is tlie

great physiological flict of which I have related the discovery. The chemists

have assiduously studied carbonic acid ; they know all the properties it pos-

sesses : they can foresee all the reactions which it occasions or undergoes in

the conditions in which it pleases them to place it ; they are ignorant of none

of the circumstances which produce it or destroy it ; but they have never seen

it steadily decomposing under the influence of light in the presence of some

inorganic matter, and yet, what they cannot effect, the smallest leaf shone upon

by the sun produces instantly with a rapidity and abundance which the

naturalist regards with admiration. In ten hours an aquatic plant yields fifteen

times its own volume of oxygen ; a single leaf of the water-lily diffuses 300

litres during each summer; and M. Boussingault having directed into a vase

filled with vine leaves, in the sun, a current of carbonic acid, received on its

exit only pure oxygen. Now we are obliged to acknowledge that this fact, so

common, so easily accomplished by the leaves at every hour of the day, chem-

istry can neither comprehend nor imitate.

If we cannot i;nderstand and imitate the conditions of a fact relatively so

simple and so definite, what must not be our embarrassment when we would

analyze the chemical and physiological phenomena which ensue from it ] We
se6 in effect three simple bodies, and rarely four, combine in relations indefi-

nitely variable in order to give rise to the most numerous and different com-

pounds—wood, starch, sugars, oils, wax, balsams, essences, both fragrant and

offensive, delicious fruits and violent poisons, acids like vinegar, and alkalis

like quinine or strychnine, coloring or colorless substances—in a word, products

whose infinite variety transcends the dreams of imagination. Not without dis-

may must we measure the depth of our ignorance in the presence of phenomena
so multiplied, and whose mechanism escapes us so absolutely.

There arc, however, ill-disciplined minds which wish to exjolain everything,

especially what they are most ignorant of. It has been said that plants proba-

bly contained compounds of carbonic acid and of azote, formed at night and de-

composed in the light during the day ; it has been also said that there exists

in green leaves a sort of fermentation deriving its activity from the sun, and
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whose function it is to decompose carbonic acid. These explanations have not

only the defect of being illusory and conjectural, they are demonstrably false,

for the pounded leaves, which preserve the same composition, ought then to

contmue the same functions, which is not true. There is also a whole school

of naturalists who content themselves with ascribing the functions of vegeta-

bles to what they call life^-a kind of unapproachable force which suffices to

explain everything by the sole virtue of its name ; these appear to me to re-

nounce all of scientihc jjrogress, like the ignorant devotees who explain all

phenomena by saying that God produces them. It is God, beyond a doubt,

who has ordered the world, but he permits us sometimes to inspect the me-
chanism. Without doubt, also, it is life which disposes the functions of beings,

but before proposing it as the final cause and ultimate explanation of tacts, it

behooves to know a little what life is, and of what contrivances it makes use.

We see to what weakness we are reduced as soon as the basis of expei-iment

fails us, when, in order to fill up the gaps of our knowledge, we strive to grap-

ple ourselves to hypotheses, to unexplained forces which explain nothing. Let

us honestly avow our ignorance, and gird up our loins and seek.

To console ourselves for this avowal, which may possibly hurt our self-love,

and to find encouragement for the labors of to-morrow, let xis measure, with a

view to their consequences, the importance of the facts which we know to-day.

If plants give out oxygen, animals absorb it, and a compensation is established

between these inverse functions. We can demonstrate it experimentally by
confining under a glass bell an animal and a plant. Separated, each of them
would die—the first by being suffocated in the carbonic acid it exhales, the

second because it would be deprived of this gas which nourishes it. United

in the dark, the animal and the vegetable would injure instead of aiding one

another ; but in the light of the sun the life of the one supports that of the

other ; the animal, burning his aliments, furnishes carbonic acid to the plant,

and the latter restores to the animal the oxygen which is necessary to it. This

experiment would be in little the image of the world, and it is thus that Priestley

conceived the eternal equilibrium of it. Nothing can be more grand and
beautiful than this thought, but it is necessary to complete it. If the bell of

which we have just spoken were very small, the least excess which might occur

in the respiration of the animal, or the least interruption in the action of the

sun, would exaggerate the quantity of carbonic acid and cause first the animal

to perish, and then the vegetable. Are we, then, exposed on the earth to alike

danger, and are plants so necessary to us that we must cease to live as soon as

they should cease to act? Believe it not, for we shall demonstrate that this

fear would be vain. The human population of the globe may be approxi-

mately rated at a thousand millions of individuals, and we shall not be far

from the truth in assuming that all other animals taken together exert upon
the atmosphere, by their respiration, an efi'cct equal to that of three thousand
millions of adiilt men. This makes for the whole animal kingdom a population

equivalent to four thousand millions of human beings. Now, as the mean
quantity of oxygen which an adult human being consumes in a day has been
measured, we can calculate that of the total population of the globe. It is

very great, no doubt, but, on the other hand, the provision of oxygen in the

atmosphere is greater still. It is so much greater than the consumption of

animals that it would require eight thousand millions of years to exhaust it.

In eight centuries it would fail but a millionth part, and if the vegetables

ceased their action, it would require at least two thousand years before the

nicest chemical analysis could avail to detect a change in the composition of

the air. The service that vegetables render us is therefore much less imme-
diate than Priestley thought ; it is a service of distant revei'sion, and we may
without ingratitude relegate our acknowledgments to posterity.
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But the eartli is quite old, and it is not impossible that its atmosphere has

undergone, since the creation, progressive changes which have become very

considerable through the lapse of so manj ages. We have here a very curious

question, which has been considered by M. Brouguiart, and which we will

proceed to study with him. The earth covers enormous, we might say inex-

haustible, masses of carbon under the form of coal, anthracite, lignite and peat,

and it cannot be doubted for an instant that these deposits are not the accumu-

lated fossil remains of innumerable vegetables. Now there is for a plant but

one single mode of acquiring carbon—to imbibe it in the form of carbonic acid

from the air, and consequently all those masses of coal which cover Belgium,

England, a large portion of America, and which are found at all points of

the globe, were once diffused in a gaseous state through the atmosphere;

they were there combined with oxygen, and the globe iu the beginning was
involved in an aeriform envelope which contained azote, a great deal of car-

bonic acid, little or no oxygen. If we add that, at the mom-cnt, the earth was

incandescent, we see that all the carbon must in effect at that temperature

have been burned on contact with oxygen.

Thus constituted, the earth cooled down; hut the composition of its atmo-

sphere rendered it uninhabitable for animals, since they had need of oxygen

and there was none, since they would have been suffocated in the carbonic

acid and azote which prevailed at the moment. Hence the first strata of sedi-

mentary d<^posits contain no animals. In return, the earth was as favorably

prepared for the production of plants as it was unfit for the nourishment of

animals ; it was soon, therefore, covered with luxuriant forests, whose remains,

in accumulating, formed coal. We find therein all the species then living.

There were gigantic eqiusetums, arborescent ferns comparable to our oaks, and

palms which towered above everything that the vegetable kingdom now offrrs

us. And while these immense deposits were forming, oxygen, perpetually dis-

engaged by the action of the sun, was gradually impregnating the atmosphere

and preparing it for the advent of the animal tribes. Of these, in due time,

the first creations made their appearance, having since varied from age to age.

At the epoch of the coal formations the forests were tenanted by huge reptiles,

cold-blooded animals, for which little oxygen sufficed ; but it was not till after

the nearly total disappearance of the carbonic acid that the earth witnessed

the arrival of the mammifers, which had awaited a richer atmosphere.

There aa'e those at once timorous and ignorant who seriously ask what will

become of the earth and themselves when mankind have burnt up all the coal.

I will tell you, honest folks, what will become of us. The coal will have

agaiu been converted into carbonic acid, oxygen will have disappeared, and
the great vegetable tribes will return ; but if it is true, as they would persuade

us, that the animal species, by growing gradually more perfect, have advanced

from the primitive forms up to man, the return of the elements to their point

of departure would bring man back to his origin by an inverted degenerescencc.

To have had crocodiles among our ancestors, be it so ; but to see in perspec-

tive a posterity composed of ichthyosauri, this certainly is the most disheart-

ening of metempsychoses

!

But to return to serious matters : if we are ignorant of the mechanism of

the living organs, at least we know the functions they fulfil, and can express

clearly the part which they play in the physical world. With the water and

azotized substances which they take from the soil, with a gas which they col-

lect iu the air, vegetables compose organic matter, which they accumulate in

their tissues and which they hold in reserve for the use of animals. The vege-

table kingdom seems to be only a great laboratory, an atelier of production

where every plant has the same function—that of forming materials as varied

in their composition as are the forms of each one of them. To this common
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character it is necessary to add another, wliicli is that receiving as pnmary
material carbonic acid and water, substances burnt, plants have the foculty of

expelling the oxygen and of extracting from tliem the carbon and hydrogen,

to which they restore the property of being susceptible of being burnt anew.
These chemical actions take place within their organs, but these organs are

only the seat of them ; the cause of these actions is without ; it proceeds from

the sun.

The animal has received a diametrically opposite mission. It creates not,

it destroys ; in place of solidifying the liquids and gases, it separates them and
restores them to the atmosphere ; in line, far from bringing back bodies to the

combustible state, it burns them. The herbivorous animal derives all his nour-

ishment from plants ; he transforms a part of them into water and carbonic

acid, he accumulates the rest in appropriate organs. The carnivorous profits

of these reserves, and finishes by restoring to the atmosphere what vegetables

have extracted from it ; what the herbivores have preserved of it, and whatever
the class to which it appertains, every animal rejects by the natural ducts an
abundant provision of azotized matter which it deposits on the soil. It ia pre-

cisely this matter which vegetables take up again, without which they cannot
live, which they possess the power of elaborating, transforming, accumulating,

and which they return to animals after having restored to it the nutritive quali-

ties which it had lost. Thus is closed that admirable circle of opposite trans-

formations and of mutual services where we see the animal and the vegetable

eternally exchange the same matter ; this, which receives it gaseous, disoxi-

dizing and solidifying it ; that, which receives it combustible, again dispersing

anew after having burnt it. Priestley saw in plants predestined servitors whose
ofiice it is to purify the air ; but they have another function much more imme-
diate and render us a service quite otherwise indispensable, that, namely, of

extracting and preparing our aliments. Their action on the air would only be
sensible after a long succession of ages ; but if a single year drought annihi-

lated the fruits of the earth, a frightful famine would destroy in a short time

all the animals which the globe nourishes.

From the sun it is that daily nourishment, life, force, and all our power ia

derived. The light, the chemical emanations, all the rays which that orb sends

us, are extremely rapid vibrations, analogous to those produced by sound
;

there is movement, there is force ; as soon as it reaches the plant that force is

absorbed, it disappears, it is extinguished. But no fox'ce is extinguished ex-

cept on the condition of having produced an effect, performed a work which is

its equivalent. Now the work performed by the light which the leaves absorb

is decomposing the carbonic acid. So, too, let it not be forgotten, there is

needed a given amount of force to disunite a given quantity of oxygen and car-

bon ; it is the sun which every hour of the day furnishes it gratuitously.

If now we place in presence of one another this oxygen and carbon, and,

by an inverse operation, combine them by burning this carbon, they will pro-

duce, in uniting anew, all the force which it had been necessary to expend in

order to separate them ; that is to say, all which the sun had furnished. There
will be heat and light, as experience shows, and there will be force also, which
may be collected by means of calorific machinery and employed in our service.

And we shall do well to reflect that it is the sun which has prepared for us

that heat, that light, and that force; which has fiu'nished to the carboniferous

forests at an epoch when man as yet was not, Avhat man recovers and disposes

of to-day.

And what is true of our inanimate furnaces will be found to be repeated in

those living furnaces which we call animals. They likewise burn organic

material, produce heat which elevates their temperature, and develop force and
movement : a force which they do not create, which they owe to that very com-
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bustion, and upon tlie same terms as do steam-macliiues ; a force previously in-

fused by the eun into plants, absorbed by them, virtually preserved in tbcir

products which are our sustenance, which we disengage by respiration and

which our muscles apply under tho direction of our wants and our will. This

whole grand generalization of the phenomena of the world is the work of mod
ern chemists and physicists. It was MM. Dumas and Boussingault who first

disengaged it; the mechanical theory of heat completed and demonstrated it;

but it ah-cady existed eutire in the conception of Lavoisier when he wrote :

"Organization, spontaneous movement, life, exist only on the surface of the earth in

places exposed to the light. It might be said that the fable of the torch of Promotheus was
the expression of a philosophical truth which had not escaped the ancients. Without light

nature would be without life—it would be dead and inanimate. A beneficent God, in .sup-

plying light, has spread over the surface of tho earth organization, seuciment, and thought."

IV.

If during the regular course of its existence, a vegetable accumulates organic

matter, there are nevertheless two moments when it loses this essential character

and comports itself like the animals : it is at the commcucemeut and the end of

its life, when it germinates and when it reproduces itself Every seed, besides

the embryo which for long years preserves the principle of life, encloses a pro-

vision of organic matter destined for the first nourishment of the springing plant.

Cast on a warm and humid soil, it germinates ; its radicle seeks in the soil a

point of support and liquids ; the germen rises upward ; the seminal leaves or

cotyledons are developed, and the rudimentary plant is established in virtue of

intrinsic and transmitted life. Now, during this first period, the provision of

accumulated matter is divided into two parts ; one is burnt by a sort of respira-

tion, the other, undergoing complicated chemical actions, is transported into the

organs and there becomes fixed iu constituting them. Everytj^ing occurs nearly

as in an animal and without any intervention of light ; but after this primitive

phase, when the respiratory organs have received their first development, the

plant waits for the rays of the sun to continue its evolution, and, as soon as

these reach it, it inclines towards thera as if eagerly to collect them, it becomes
green, and commences, only to desist at its death, that decomposition of car-

bonic acid and that accumulation of matter which is its function and its pre-

destination.

In order better to study this period of intrinsic life in the seed, M. Boussin-

gault conceived the happy idea of prolonging it by indefinitely retarding the

action of the light. The experiment was made with peas, in a soil without

manure. After having germinated, they continued to grow, giving forth a pale,

slender, creeping stem which at length perished without having borne seeds.

During this whole period the peas continued to work up the organic material

originally contained in the seed, and iu proportion as their life was laboriously

prolonged, they dispensed it by little and little in order to sustain it. At last,

each plant had lost more than half the carbon which the seed had originally

provided. While this experiment was going on in darkness, other peas, sowed
at the same time, were successively transferred into the light. From that

moment evcrj^thing became changed ; real life was developed, and the plant,

being now able to avail itself of the nourishment contained in the air, gained

each day, in the sun, very nearly as much carbon as it had previously con-

sumed in darkness.

In nature all things touch upon one another: vegetables in the seed, animals
in the egg, appear to accomplish the same acts and exist iu the same conditions.

In both case«, a mass of organic matter accompanies the germ ; the eg^ and
the seed may preserve for an indeterminate length of time the virtual princi})le

of life. A little heat will commence the evolution, and from that moment the
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organic matter, absorbed by the nascent tissues, transported by tlie vessels which
are forming, takes its place in the organs into whose constitution it enters. Dur-
ing this whole period, the plant and animal subsist on their own resources,

drawing nothiug from without, and to complete the analogy, they burn a por-

tion of their own substance. By and by, when all is exhausted, the animal,

already formed, is prepared to live, as the plant, already delineated, is prepared

to vegetate, and a common want displays itself at the same moment in both
existences : that of finding external nourishment. From this point all analogy
ceases, and the separation of the two kingdoms commences. The veget.able

creates and reduces, the animal destroys and oxydizes.

Let us pursue these analogies. In every flower that opens, botany of late

has shown us the organs of two opposite sexes which concur, each after its

character, in the fecundation of the germs. Now, at this moment, when the

flower seems to borrow that sexual function of reproduction which we might
think to be the exclusive privilege of animals, it again imitates them in burning
the organic material by an active respiration. "All flowers," said Priestley,
" invariably exhale a deadly air during the day and during the night, in light

and in darkness." Daily cxpeiience confirms this assertion, and Do Saussure

has shown that this poisonous gas is carbonic acid. At last one of our most
justly celebrated chemists, M. Cahours, has given us the results of a recent and
complete study of this respiration of flowers and fruits under all circumstances.

If it is true that this combustion of organic matter, that this expenditure

and loss of force, be necessary in itself to accomplish the act of fecundation, it

is in the sexual organs especially that it should be present. Experiment in

eff"ect has confirmed this conjecture, and it has even been ascertained that it is

the stamen, the male organ, which dispenses the most. Nor does this fact stop

there. All combustion disengages heat : it is to their respiration that animals

owe their high temperature, and it is of course necessary that the stamens and
pistils should develop heat since they I'cspire. The question was to find ther-

mometers sufficiently sensitive and a suitable plant. The first vegetable which
has allowed the verification of a rise of temperature is one which would never
Lave been suspected of so much ardor, the pumpkin. Its flowers are large,

and admit of the introduction of the air-thermometer ; some of them are male
and others female, and the latter have evinced a greater degree of coolness than
the former.

Still the gourds, melons, and pumpkins grow warm in but a slight degree,

and so, it might be said, resemble-, the cold-blooded animals. There are plants

which resemble the warm-blooded animals, and these are the Arums. One of

them, the Arvm macidatum, which is found abundant in hedges, is enveloped
in a rolled leaf which encloses the flower in a chamber, and which prevents the

heat from being dissipated in space. Observe now the singular phenomenon
which has been perceived by Lamarck, Sennebier, Bory de tiaint Vincent, and
by De Saussure himself. Habitually the Arum is cold, but at a given moment,
wliioh must be watched and skilfully improved, the tejnpcrature of the plant

raised from 7 to 8 degrees above that of the atmosphere. Hubert, a truly sa-

gacious observer, succeeded in introducing a small and very sensitive thermome-
ter, sometimes among the stamens, which became heated to 22 degrees, some-

times among the pistils, which produced an action one-half less. The other

parts of the plant manifested no special action. By care and watchfulness, De
Saussure surprised four Arums at the moment of calefaction, and placed them
under a glass bell filled with air. The glass was immediately covered with a

moisture which attached itself to the surface, a great absorption of oxygen took

2>lace, and a coiTcspondent pi'oductiou of carbonic acid. In its chemical acti a

and the energy of that action, the plant was comparable to a small animal. At
another time De Saussure decomposed the plant into diiTerent parts, which he
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studied separately : the sexual organs consumed 132 measures of oxygen, and
the rest of the flower only 30.

After fecundation, the fruit begins to be developed and the plant to no^urish

it. Not only does the plant furnish it with the matter accumulated in its own
tissues, but with a quantity greater still, which it burns by a respiration proper

to it. The whole life of the vegetable seems then exclusively devoted to the

accomplishment of this last duty of nourishing the fruit. In this task it im-

poverishes itself; the beet and the cane dispense all the sugar they possessed,

every plant exhausts the provisions which it had accumulated in the period of

its youth, and when the fruit is mature, the vegetable, if it is annual, is reduced

to a dry skeleton, and if it is perennial, sinks into the repose of winter, to re-

cover its forces and recommence, the following year, its providential function.

The subject under consideration, besides the questions of detail which I pro-

posed to examine, contains a great truth with which I shall conclude, namely,

that our world does not suffice for itself, because it is deficient in force ; but it

receives this from the sun, diffused upon it in the form of rays. And it is by
virtue of this action that life on the globe is transmitted under two antagonis-

tic forms—vegetable life, which accumulates force by creating organic matter,

and animal life, which consumes and dissipates that which the sun furnishes,

that which vegetables absorb and treasure up.
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Dear Sir : The protection of the bottoms of iron vessels from corrosion h^^ sea water, and
from fouling with animal and vegetable matter, is one of the subjects referred by this Depart-
ment to the National Academy of Sciences for examination and report. I need not enlarge
upon its paramount importance. A memoir by M Becquerel, on this subject, iu the first

number of the fifty-ninth volume of the Comptcs Rnndus, has recently attracted my notice,

and I think the publication of it in English may be serviceable by calling the atteution of
professed chemists and other systematic experimentalists to the strictly scientific treatment
of the question.

1 have the pleasure, therefore, to send you the accompanying translation, which I should
be happy to see preserved and widely circulated in the pages of your valuable reports.

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

C. H. DAVIS,
Rear-Admiral, and Chief of Bureau of Navigation,

Prof. Joseph Henry, LL. D.,

Secretary Smithsonian Institution, Washington, D. C.

The preservation of metals at sea, especially of copper and iron, has in our
time become a vital question on account of tlic transformation of the navies of

all nations ; a transformation suited to bring about a change in their mutual
. relations. Since this question filU within the province of the physico-chemical
sciences, I have considered it my duty to give it particular attention, with
the hope of adding by my own ellbrts some new data in aid of its solution to

those which we already possess.

This question presents great difficulties, proceeding from numerous causes

which contribute to the alteration of metals. All these causes, whether me-
chanical, physical, or chemical, exercise au influence over chemical action, and
consequently over the production of electricity, which gives rise to isolated

voltaic couples. They can only be effectually controlled by the closest investi-

gation and by contending, so to speak, Avith each of them singly.

Finding it impossible to communicate the Avhole of my labors to the Academy,
I shall confine myself to laying before it a concise abstract of the principal results

of my investigations, in order that it may get an idea of their whole scope ; but,

before doing so, I will cite those results v/hich have already been obtained on the

same subject, and thus make the Academy acquainted with my point of departure.

In a lecture delivered January 22, 1824, before the iloyal Society, (Amiales
de CJiimie et de P/ii/sifjue, t. xxvi, p. 24,) Davy informed his audience that

the rapid change in the copper-slieathing of vesscls-of-war, and its unequal
duiability, had excited lihe particular attention of the lords of the admiralty,

who employed him to investigate the means of preserving the sheatliing ; and
that he immediately undertook a series of researches which led him to the dis-

covery of an important principle, according to which a metal which is electro-

positive iu salt water, being converted into an electro-negative, is preserved

from all alteration, at least within certain limits.
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Davy admitted tlie tlieory of contact, that is, the production of electricity

by the contact of two metals, resulting from mutual action. Chemical action,

according to him, only served for the transmission of electricity from one body

to another. This view prevented him from deducing from his discovery con-

sequences which naturally flow from it. His first statement was, that a piece

of zinc of the size of a pea, or of the point of an kou nail, was quite sufHcient

to preserve from 40 to 50 square inches of copper Avherever placed, and that a

little piece of zinc having been fixed on top of a piece of copper, and a muck
larger bit of iron below it, and the whole immersed in salt water, the cop-

per not only was preserved on both sides, but the iron also, which, after a

fortnight, had kept its brightness equally as well as the other metal. He con-

cluded from this, at once, that small quantities of zinc, of iron, or of cast-iron,

when placed in contact with the copper-sheathing of vessels, prevented its cor-

rosion. He added, besides, that, since negative electricity could not be regarded

as favorable to animal or vegetable life, because it caused the precipitation of

magnesia upo;i copper, a substance very prejudicial to land plants, this elec-

tricity ought to help to keep the bottoms of vessels clean.

The lords of the admiralty having furnished him with the means of experi-

menting on a large scale with his mode of preserving the copper-sheathing of

vessels at Chatham and Portsmouth, he established the following facts :* Sheets

of copper in contact with zinc, iron or cast-iron, over -^q or j-qq-q part of their

surface, having been exposed for several weeks in the harbor of Portsmouth to

the action of the tide, and their Aveights having been determined before and
after the experiment, Davy found that when the metallic protector covered a

surface of from -^ to ji^ of the copper, neither corrosion nor diminution of the

latter metal took place, but when the ratio was from -^^ to -j^-jj the copper under-

went a loss of weight greater in proportion as the protection was smaller. He
considered cast-iron, a substance so readily and cheaply found everywhere, as

the best and the most appropriate for the protection of copper, and as lasting

as long as iron and zinc.

The sheets of copper of two small vessels, thus protected, were kept per-

fectly clean for several weeks, as long as the metallic surface of the copper

had remained uncovered ; but as soon as the metal was covered with carbonate

of lime and magnesia, plants and insects collected there.

Again, we find the following facts in the Philosophical Transactions of Lon-
don for 1825, pp. 340 et scq.

:

"The first experiment of this kind Avas tried on the Sammaranp:, of 23 guns, in March,
1824, and which had been coppered three years before in India. When she came into dock
at that time, before she was jjrotected, she was covered with thick green -carbonate and snb-
muriate of copper, and with a number of long weeds, principally fuci, and a quantity of
zoophites, adhering to different- parts of the bottom. For the purpose of protection, Davy
employed cast-iron, equal in surface to about -^-^ of that of the copper, which was applied iu
four masses, two near the stern, two on the bows. Siie made a voyage to Nova Scotia, and
returned in January, 1825. When she was again brought into dock, there was not the
smallest weed or shell-fish upon the whole of the bottom from a few feet round the stem-pro-
tectors to the lead on her bow. Eound the stern-protectors there was a slight adhesion of
r«st of iron, and uptin this there were some zoophites of the capillary kind, of an inch and
a half or two inche* in length, and a number of minute barnacles, both Lepas atiatifera and
Balanus tintimiabulum. For a considerable, space round the protectors, both on ihc stern
and bow, the copper was bright; but the color became green towards the central parts of
the sliip ; yet even here the rust or verdigris was a light powder, and only small in quan-
tity, and did not adhere, or come off, in scales, and there had been evidently little coi)per
lost iu the voyage.

" The yacht Elizabeth was protected by about t^^ part of malleable iron placed in two
masses iu tlie stern. She liad been occasionally employed in sailing, and had been some-
times in harbor, during six mouths. When Davy saw her, at the end of this time, she was
perfectly clean, and the copper apparently untouched. Her owner informed him that there

* Philosophical Transactions, 1824 ; Annales dc Chiinie et de Physique, t. xxix, p. Id".
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never had been the. slightest adliesion of eitlier Aveed or sUell-fisb to her copper, but that a

feAv small barnacles had once appeared on the loose oxide of iron in the neighborhood of the,

protectors, Avhich, however, were immediately and easily washed off.

"The Canebrea Castle, a larp^e vessel of upwards of GuO tons, was furnished with four

protectors, two on the stern and two on the bow, equal together to about -jo^ of the surface

of the copper. She had been protected more than twelve months, and had made a voyage
to Calcutta and back. She came into the river perfectly bright, and when examined in the

dry dock was found entirely free from any adhesion, and offered a beautiful and almost pol-

ished surface, and there seemed to be no greater wear of copper than could be accounted for

from mechanical causes."

It follows from the preceding facts that, whether in sea water or the salt

water of the laboratory, the copper sheets Avhich are at rest in salt water in-

crease in weight by becoming covered with earthy or alkaline deposits when
they are protected by a proportion of iron below jl^; and if this proportion be

contained between jIq and joVo' ^^^^ surface seems to be preserved without

receiving either deposits or zoophytes or shells.

It appears that Davy devoted himself to determining the limits on the sur-

face within which the protection takes place, but not at all in the thickness.

He neither takes into account the layer of oxychloride of zinc nor of copper,

oxychloride mixed with particles of one of these two metals, which, by op-

posing the reaction of salt water, stops the protection. The whole question

lies there, and Davy studied only the theory of contact.

Although several of the preceding experiments have furnished favorable

results, nevertheless the process of protection was not adopted ; the reason

assigned for it wa.s the negative condition of cgpper, Avhich favored the deposit

of marine bodies to such an extent as to diminish the rate of sailing.

We shall see presently that the deposit of marine bodies was not to be

attributed to this cause, since the major part of the protection had disappeared.

It has been remarked, however, that in order to preserve the copper the pro-

tecting metal must be oxidized. He had such a strong belief in this theory

that he asserted that a piece of zinc of the size of a pea, or the point of an iron

nail, was sufficient to protect copper plates of 256 to 320 square centimetres of

surface, immersed in sea water ; this preservation could last only for a short

period, as the piece of zinc, or the point of a small iron nail, was rapidly de-

stroyed. There is, withal, in this nothing to inform us whether, iti the means
of preservation employed at sea, a thought was given to the disadvantages

resulting from the destruction of the oxidable metal ; it is not, therefore, aston-

ishing that the copper-sheathing became foul, to use the seaman's phrase, and
was covered with organic bodies. In addition to the above, it is the same with

regard to the production of electricity for preserving copper or iron at sea as

with regard to the production of heat ; in the latter case it is necessary to keep

up the supply of the combustible material, and in the former to provide for the

replacement of the oxidable metal according as it is destroyed ; this ie an indis-

pensable precaution to secure its preservation.

The causes of change in metals arc numerous. We will cite particularly the

heterogeneousness of parts : the difference in the mode of aggregation of particles,

the presence of any bodies whatever on the surface of metals, of grains of sand

for example, or spots of rust, strokes of the hammer falling here or there, pres-

sm-e, a simple fold or corrugation, &c., are so many causes which give rise to

voltaic couples on the surface, and which destroy a protection otherwise suitably

selected. The friction of water must still be added, as M. Ed. Becquerel has

shown in the interesting experiments which he repeated at Toulon, while aiding

me in my investigations.

From this it may be seen why it is that metals like iron, that are forged,

wrought, and hammered, present so many causes of change, which are removed

by means of protectors, arranged according to electro-chemical principles. This

explains, what experiment proves, why it is that the electrical condition of the

protected metal does not always follow a regular law.

13 S
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I have been guided in my researclies by an important consideration, which I

will here mention : it has been discorered, that in order to decompose one mil-

ligramme of water, it was necessary to employ in the form of a cm-rent a quan-

tity of free electricity equal to that of 20,000 batteries, each of one square metre

of surface, and charged in such a way as to give out sparks flying more than

one centimetre in length. This is the quantity supposed to be combined with

the substance and which becomes free on the decomposition of one milligi-ammc

of water, or which experiences some kind of transformation, either by becom-

ing heat or by being changed into a vis-viva, of which I have tried to deter-

mine the effects in the cases under consideration. This much is certain, that but

an exceedingly small portion of the enormous quantity of the electricity capable

of producing the effects of thunder is collected ; but before arriving at this de-

termination 1 have investigated with the utmost minuteness, by means of the

compass of sines and suitably arranged apparatus, the electro-motive force of

zinc as well as that of iron, of copper, of lead, and their alloy, plunged in sea-

water, which forces bear a relation to the developed affinities and naturally serve

as starting points for finding the protecting metal or alloy ; this latter acting

only with efficiency when the negative condition of the protected metal, which

is derived, is superior to that which it assumes when it is attacked by salt

water. I subsequently determined the electrical condition of all the compo-

nents of a protected metal in order to see what became of the vis-viva, of which
I have just spoken, and to discover the laws upon which it will be necessary

to rely to secure protection. My mode of proceeding was as follows

:

When a copper plate 5 metres in length and 6 centimetres in width, con-

taining a surface of 3,000 square centimetres, and armed at one of its extremi-

ties with a very small band of zinc one centimetre square, and furnished at short

distances Avith vertical rods of the same metal and other details, is plunged into

sea water, it will be found that from the zinc to the other extremity of the plate

the electrical condition of each point of the latter gradually diminishes, and
if the curve of the intensities be traced, by taking for the axis of the ab-

scissas a line which represents the electro-motive force of copper, for the abscis-

sas themselves the distances to the zinc, and for ordinates the corresponding

electrical conditions, this curve will appear to have the axis of the abscissas

for its asymptote, showing that it cannot be determined how far the protection

extends. The whole surface of the copper retains its brightness, with the ex-

ception of the part on the side of the zinc to a distance of about one or one and
a half metres, which becomes covered with earthy metallic deposits when the salt

water is not pure. In another experiment made at sea, the law has been veri-

fied to about fourteen metres. It is evident, therefore, that in the oxidation of

the zinc the electricity which ceases to be united with the substance, and which
is enormous in amount, acts as a living force, when it is transmitted to the cop-

per at distances the precise limits of which are not known. We must not for-

get here to observe that there are in circulation over the whole metallic surface,

hy means of the liquid which moistens it, derived currents which produce elec-

tro-chemical decompositions, and which are created at the expense of the elec-

tricity disengaged in the oxidation of the zinc.

Hence we perceive, that if we wish to protect a copper surface in such a
manner as to avoid electro-chemical deposits, we must arm the surface Avith a
metallic protector having an electro-motive force equal to that of the point where
these deposits begin to be insensible ; this is an important condition to fulfil iu

order to prevent deposits of shells and other marine bodies, which seem to be
formed on parts already covered with limestone, magnesia, and other substances.

Copper plates armed with iron, and iron plates protected by zinc, present
similar effects, with the slight difference that the sphere of electric action is less,

it being imderstood that its extent depends on the difference between the elec-

tro-motive forces of the protecting and the protected metal.
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One can hardly form an idea of the slight space which it is sufficient to give to

the zinc and to the iron in order to produce on the metals which they are pro-

tecting the effects we have just mentioned ; thus the quantity of metal needed

to protect the iron of an armed vessel becomes insignificant.

The protecting alloys of zinc and copper, of zinc and lead, &c., act, in pro-

portion to the more oxidable metal which enters into their composition, with

certain conditions of hardness, to which regard is to be paid. With an alloy

of copper and zinc, the protecting power diminishes, according as this last metal

is oxidized and carried off, when there remains finally nothing but a copper

sponge, which is soon changed into oxychloride ; the greater the hardness of

the alloy the slower the production of the effects here mentioned.

The experiments of which the principal results have been stated had to be

repeated in the open sea. The minister of marine, fully appreciating their im-

portance, was kind enough to put at my disposal in the harbor of Toulon all

the necessary means for making these experiments. I cannot sufficiently thank

him, as well as M. Dupuy de Lome, the latter particularly, on account of the

useful information which he so kindly furnished me in respect to what con-

cerns" the applications of my experiments. I also thank MM. the naval engi-

neers for their co-operation, and M. de Mouy, sub-engineer, who, having followed

my experiments with attention, will be able to repeat them. The experiments

have been made on a large scale and have not left any doubt as to the accuracy

of the results obtained in the laboratory, and have enabled me moreover to

make new observations, which are of interest in applying the experiments. I must
mention here some observations which ought to be taken into consideration.

AVhenever the iron plating is covered with several coats of red lead, it is

preserved as long as the paint lasts ; but as soon as it is partially removed,

either by friction or by the dissolving action of the sea, which is slow, the

metal begins to be attacked at different places ; those parts which have lost paint

are negatived relatively to those which preserve less of it, or none at all ; so that

these last suffer more than the others. From the above causes spring those local

changes scattered occasionally over the surface of the plating, which will be easily

avoided by tJie employment of protectors, disposed according to principles here

laid down—protectors which will not come into use until the paint is carried off.

The copper sheathing of the bottom Avhicli is not painted, being in the same
condition as that of the old vessels, will be exposed to the same disadvantages,

unless it be protected not only with a view to its preservation, but still more
for preventing deposits of earths and other matters, which seem to fjxvor deposits

of shells, mollusks, and marine plants, which it is said do not occur as long as

the surface continues bi'ight.

All the parts constituting the sheathing and the armor have been so well ad-

justed by M. Dupuy de Lome, that it will be qixite easy without disturbing

anything to apply the protectors in such a manner as to clean the former or

change them as need be.

It will even be possible, when the vessel is on the point of leaving the basin

to enter the harbor, with the aid of apparatus I constructed for this purpose, to

see if all metallic parts are completely protected, or in case they are not, to

discover the amount of change.

Such are the general results arrived at during the long investigations con-

ducted either in the laboratory or in sea water upon the means to be used for

preserving the metals employed for the plating and sheathing of iron-clads, and

for preventing deposits of shells and other marine bodies.

It is quite impossible for me in this extract to enter into details concerning

the measures to be taken for the preservation of metals, an account of which

is given in this memoir ; it is sufficient for me to say, that the general principles

appear to be well established, and that the only questions still waiting their

solution are those which relate to the application of these principles in detail.
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The increased consumption of wood, more especially in the construction of

railroads, has rendered the question of a future supply one of no little interest.

Its importance, however, results not so much from the quantity employed in con-

struction, great as that certainly is, as from the rapid decay of the sills of rail-

roads and the consequent necessity of frequent renewal. A resort to the harder

kinds of wood in place of the softer was an obvious and early expedient ; but

little is thereby gained, for the former also harbor within themselves the germ
of destruction, and under the influences of the atmosphere pass speedily through

the stages of decomposition.

Of course this process is more rapid in certain kinds of wood, and is the

effect of a greater proportion of cellular tissue containing nitrogen. It is to

this that wood, exposed alternately to moisture and dryness, owes its decay,

because the proteine substances, as the nitrogenous combinations are called, pass

into fermentation, develop carbonic acid, and thus produce the gradual decom-
position of the mass, although the second chief constituent of wood, the so-

called cellulose, is in itself unalterable, and resists all destructive influences.

The more proteine, therefore, contained in the wood, the more easily and earlier

does it undergo decomposition.

Railroad sills of oak were found to last longer than those of softer wood, yet

even these, though chosen with care, sufficed but for some ten yeai's' service, and
then for the most part required to be renewed. But through the exclusive use of

oak for this purpose, it was soon observed that the forests were becoming thinned

beyond all hope of restoration, and that the price of this wood had advanced"to

a most inconvenient extent. These annually increasing disadvantages have had
the effect of directing inquiry to the practicability of replacing, for many differ-

ent purposes, the use of wood by that of other materials, chiefly stone and iron
;

but for the sills of railroads this substitution has not been found to answer. Here,
therefore, it was necessary to think of other means for prolonging the duration

of wood, or at least for communicating to the soft woods, of which our forests

are chiefly composed, a degree of durability which should qualify them to supply
the place of the harder kinds.

Plans for the conservation of wood are just as little as the wasting of the

forests an incident of yesterday or to-day. As early as the reign of Charles

II, of England, Lord Caernarvon had said, ""Wood is an outgrowth of the earth

which nature provided for the payment of our debts," and the first proposal for

the preservation of wood by chemical means dates from that period. Of this

the celebrated Dutch chemist, Glauber, was the author. Two other proposed
methods date from the last century, and since the beginning of the present a
great number have been brought forward. All those heretofore devised, and
Avhich have had in view chiefly the preservation of railroad sills, depend

—

1. On the abstraction of water from the wood before using it;

2. On the elimination of the ingredients of the sap

;

3. On the chemical alteration of those ingredients

;

4. On the mineralization of the wood.
Of the various proposals for this purpose we can here notice only those whicli

J
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have obtained a certain notoriety. Among these may be classed that of Kyan,
who proposed to steep the wood in a solution of chloride of mercury, or to press

the latter into it. So strongly had this method been recommended that the

building of the Leipsic-Dresden railroad was deemed a suitable occasion for put-

ting it to the proof. The superstructure of this road was formed, after the former

American system, of long wooden sills, strengthened by cross-ties, with iron

rails attached, and these sills it was proposed to protect from decay by treating

them in Kyan's much-extolled manner, with an infusion of chloride oP mercury.

The experiment, however, yielded a most unfavorable result. In the lirst place,

the cost exceeded all expectation, amounting in the case of hard wood to $1,500
per mile, and in that of soft to as much again. Moreover, the solution had
penetrated the hard wood to the depth of but two or three lines, and hence the

protection was highly problematical. It is true that by frequent treatment or

by pressure a complete penetration of the wood might have been effected, but

in that case the expense would have certainly countervailed every advantage.

In England the same experiment has been tried with several railroads, and also

with the pins used in the wooden pavements of London. The sills of the London
and Birmingham railroad were entirely decayed in three years, while those of the

Great Western road, after six years, were still fresh and sound. These different

results are attributable to the different modes of impregnation and to the con-

tents of the respective liquids. The pins of the London pavement were found,

after forty-six months, to be totally decayed.

Dr. Boucherie, of Paris, has acquired much repute for his method of preserv-

ing wood by means of copper vitriol, an expedient to which he was determined

by long and sedulous experiment. So favorable were the results that, in 1856,

after seven years' experience, large contracts were made with him for the im-

pregnation of the sills of railroads and posts of telegraphs. In considera-

tion of important public services thus rendered, the jury of the great industrial

exhibition of Paris, in 1855, on the concurrent recommendation of two sections,

awarded to Dr. Boucherie a large medal, while the public authorities, on the

same grounds, extended his patent five years beyond the limited time. The
basis, as well as the scientific principle of his procedure, is supplied by the as-

sumption of the circulation of the vegetable sap, the existence of the cellular

tissue, and of tubes within the plank through which this circulation is conducted.

The second postulate is the possibility of displacing the sap and substituting a
fluid possessing preservative properties.

In 1838, Dr. Boucherie obtained a patent for a process which depended en-

tirely on the circulation of the sap. Upon this first system, a tree with its full

garniture of boughs and leaves was sawed off, and its lower end sunk perpen-
dicularly in the flu d, which thus ascended with the sap to the top of the tree.

This process, though satisfactory in a scientific point of view, was not adapted
to practical use. It remained to discover some means of causing the conserva-

tive fluid to penetrate into the felled tree without recourse to the natural circu-

lation of the sap. Repeated experiments showed that it was practicable, by a

high pressure, to expel completely the watery particles which remain for some
time in the cells of felled trees, and to replace them by some other fluid. The
problem was thus narrowed to the determination of a suitable fluid, and the

application of a cheap and practical method of expelling the sap and introdu-

cing its substitute.

After employing, experimentally, various antiseptic substances, Dr. Boucherie
obtained the mvjst satisfactory results with a solution of the sulphate of copper
(copper vitriol) in water. This substance, when introduced, is destined to a
two-fold purpose—to expel the sap, which is the cause of decomposition, and to

fix itself in the wood.
A small portion of the sap adhering to the inner walls of the cells is required

for the fixation of the sulphate of copper ; a combination of the two forms a

covering which withstands external action, whether in the air, the earth, or the
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-water. Of this fact ocular proof may be had, if, by means of strong hy-

draulic pressure, we drive the albuminous substances from a stick of wood and

prepare it after the prescribed manner. The vitriolic solution Avhich is received

at the end of the wood, where it flows out, possesses the same properties as atits

introduction ; there has been, therefore, little or no intermediate action. For

every sort of wood there is a certain degree of pressure under which the prep-

aration yields the best results. Nor is the strength of the vitriolic solution of

less consequence than the force of the pressure : too weak, the effects are cor-

respondent, unless much time is allowed for the preparation; by to 3 great con-

centration, on the other hand, we injure the absorbing vessels of the cellular

tissue, and the preparation becomes difficult, if not impossible ; the wood iu this

case may be said to be scorched and corroded by the acids. The proportion

recommended is a solution of one pound of the sulphate of copper in one hun-

dred pounds of water. The water to be used for this purpose must be pure

and as free as possible from calcareous salts.

All kinds of wood are not suitable for this impregnation. Certain kinds

have isolated parts, where the sap is arrested, and no passage is allowed for

the solution. In the oak, for example, the sap only is penetrable, while the

pith resists penetration. The beech even, which is highly adapted to impreg-

nation, often shows, near the pith, a red portion, in which the sap becomes in-

spissated and allows no passage. The birch and yoke elm admit of easy and
thorough preparation, provided the age of the former be not more than forty

nor that of the latter more than one hundred years. The pine, the linden, the

plane, the service tree, the elm, and the aspen are well adapted to this purpos^e.

In all trees the sap is the part most susceptible of impregnation, and this part,

which is usually considered as unserviceable iu constructions, the process of

Dr. Boucherie renders fit for employment. The same is the case with many
kinds of wood which grow in wet grounds, whose affluence in albuminous sub-

stances would, without such preparation, subject them to rapid decay.

For the success of the proposed method, it is indispensable that the juices of

the tree should possess their full degree of fluidity, so as to yield readily to the

pressure by which the preservative liquid is introduced. From the 1st of Sep-

tember, in many countries, but in general from the 15th of that month onward,

the vegetable activity diminishes, the leaf changes color and soon falls. At
this period the sap becomes thinner, circulates with more facility, and yields so

much the more readily to the antiseptic liquid. Trees felled in September,

October, and November may await preparation for a longer time, in proportion

as they were later cut. The more advanced the season, the less is the tendency

of the sap to coagulate and obstruct the vessels of the cellular tissue. In trees

felled in October this condition scarcely supervenes before the end of November,
while in those severt'd in January, Febraary, and March, provided the boughs
be left entire, the fluidity of the sap continues till the end of May. In general

the sap of standing trees attains its highest degree of tenacity from the middle
of April to the beginning of June ; trees felled at this season, which is the most
unfavorable, admit only of difficult and imperfect pi-eparation. During the
following months of June, July, and August the process should be applied

within eight days from the felling of the tree, else the dryness, which promotes
coagulation in the still otherwise tenacious sap, will tend to embarrass the ope-

ration and in some cases rend^er it very imperfect. As a general rule it may be
assumed that the most favorable epoch for the impregnation of wood is that in

which the felling is generally considered as advantageous.
At whatever time the impregnation may be undertaken, it is always of great

importance to select the soundest and straightest timber, and such generally as

had not begun to decay and is free from clefts. The antiseptic liquid, on its

introduction into the wood, will take the course where it meets with least

obstruction, and if faults like those mentioned exist, will find through the
yielding or divided parts a channel of escape.
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II.

The measures above recommeaded must be observed if the subsequent steps

are expected to result ia success. We proceed now to describe the arrange-

ments for conducting the process, which are very simple, and shall confine our-

selves in the main to those intended for the preparation of railroad sills, merely
noticing any differences which may exist in the case of materials intended for

other purposes.

All the logs designed for sills should be cut into pieces whose length so far

exceeds that of a double sill as to admit of the renewal, at the time of the
operation, of the surfaces at the ends of the pieces where the sap soonest grows
dense and obstructs the passage of the injected fluid. For this excess a length

of 30' is enough if the tree, especially in hot weather, be felled but few days
before the preparation. To arrange the place of operation, we lay on a surface

properly levelled four beams parallel to one another, with an inclination of

j^Q in the direction of their length, which length should be such that at least

twenty logs may be placed across the beams at an average distance of 2' 6" from
one another.

Along the outer beams channelled logs or troughs should be laid for the pur-

pose of receiving the liquid as it escapes from the ends of the sill-pieces; and
the two inner beams must be placed at such a distance from the middle line

of the whole construction as to leave between them sufficient room for a channel

destined to receive a leaden pipe, which connects with the vessel containing the

vitriolic solution. This pipe is furnished with copper taps at distances of 2' 6",

corresponding with the middle of the sills which are to be impregnated. The
fluid, which passes through the sills and falls into the channels provided for

that purpose, is conveyed by them into a receptacle below the level of the gen-

eral stage of operations, Avhenco it may be drawn by a pump, and, if needed
for further use, filtered and restored to its original strength.

The impregnating fluid is contained in three vessels, which are stationed on
a platform, at least 25' high in the middle of the works, and which are furnished

with faucets, issuing a little above the bottom of the vessels, in order that im-

purities may have room to settle below the vent. Each of these faucets com-
municates by means of an India-rubber tube with the leaden pipe, which ter-

minates at the sides of the vessels in three branches. Near at hand is a pump
to supply the water required for the solution. Of the three vessels, one is de-

signed to feed the leaden distributing pipe; the second receives the water raised

by the pump, or the fluid that has been already once used: in the third, the

prepared fluid is allowed to rest, that impurities may be deposited. This last

vessel is connected with the distributing pipe as soon as the first is emptied.

The logs to be impregnated are laid upon the beams and wedged, so that

their ends shall be perpendicular over the channelled logs or troughs, and their

direction at right angles with the beams. Whatever may have been the lapse

of time since the felling of the trees, the end surfaces of the logs should be re-

newed, that the injected fluid may more readily pass through, besides that the

requisite length may thus be given to the material. Everything being thus

arranged, an incision is made with a saw in the middle of each log to the depth
of -^Q of the vertical section in soft, and still deeper in hard woods. By means
of a jack-screw the middle of each log is then slightly raised, whereby the incision

will be opened, and not far from this incision, in each half of the log, a hole is

bored obliquely from the external surflice of the log through the face of the in-

cision, which must be carefully freed from any chips or saw-dust. In the inci-

sion we now lay a ring of cord or rope, the outer circumference of which must
exactly correspond with that of the log ; but, while thus preparing to close the

opening, care should be taken that the ring do Mot descend too deep into the
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•wood and obstruct unnecessarily some of the tubes destined to convey the anti-

septic fluid.

The screw by which the middle of the log was raised being now withdrawn,

the log of course sinks, the two side walls of the incision approach, pressing

together the included cordage, the circuit of the opening is completely closed,

and thus an artificial reservoir is formed in the midst of the piece which is to

be impregnated.

Into the hole, bored as above directed, a tube of hard wood is driven, and is

fastened to one of India-rubber which has been previously adjusted to the cop-

per taps of the leaden pipe, thus establishing a communication between the

small reservoir in the middle of the log and the distributing apparatus. During

the preliminary steps, the India-rubber tube is closely compressed by means of

a hand-screw, but when, at the commencement of the process, this is removed,

the impregnating fluid flows into the reservoir prepared for it in the log, and

drives the sap before it through the pressure exerted by the fluid in the vessel

Avhich feeds the supply tube. Under favorable circumstances this efi'ect is

instantaneously manifested by an exudation at the end of the log, which pres-

ently changes into drops, and falls into the channel provided for it. To remove

any included air which might interfere with the process, a small hole should be

made with a copper pin through the cord enveloping the incision, which must
be closed with the stroke of a hammer as soon as the fluid b'l'gins to issue. It

will also greatly promote success, if in the course of the operation the incision

be occasionally well cleansed, and again closed with the same care as at first.

The sap, which at first issues pure, becomes more and more mixed with the

vitriolic solution as the process approaches its termination. When this mix-

ture shows §° (its normal strength being 1° ) the penetration of the wood may
be regarded as complete, and for pieces of the length of a railroad sill, the time

in which this result is reached may vary from 48 to 100 hours ; all pieces

which, after the lapse of the latter period, do not exhibit in the centre of the

end-surface a readily distinguishable impregnation, must be turned, and the

operation conducted in the opposite direction.

For the preparation of longer pieces, such as telegraph poles, buildmg ma-
terials, &c., in which the difficulties are greater, it will be useful to observe the

following precautions: 1. To place the vessel which contains the solution

higher, in order to increase the pressure. 2. To cleanse the imbibing surfaces

oftener, with a view to remove impurities which may gather upon them. 3. To
elutriate the fluid more frequently.

The arrangements for operating are like those above described, with the ex-

ception that here but two beams, laid parallel to one another at a distance cor-

responding to the length of the pieces, and with an inclination of 1 to 8, are

required; the introduction of the solution will take place only at that end
which shall give it the same direction with the natural sap; the artificial res-

ervior ,constructed and closed as before described, will be near the but-end of the

log, and the surface of the incision next to this extremity should be covered
with a sheet of copper to prevent the penetration and escape of the impregna-
ting fluid through the shorter section.

The acceleration of the process depends on the kind of wood, the season at

which it is cut, and the effective piessure employed. Apart from these, the

rapidity of impregnation may be assumed as proportional directly to the pres-

sure and inversely to the diameter and the square of the length. Moist winds
and snow hasten the process; dry winds and great aridity retard it; frost alto-

gether arrests it.

This mode of preparation has been tried and approved by a number of the
railroad and telegraph administrations of France. In 1856 more than 400,000
cross-ties thus prepared had been laid on the North road, 8,000 of the number
having been deposited as early as 1846. In the former year these latter were
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found to be as sound as they were the day tliey were laid, and this remarkable
preservation, which they still manifest, leaves no room to conjecture the possible

extent of their duration.

Expensive apparatus has been sometimes employed for the purpose in ques-

tion ; as, for instance, an air-pump, operated by a steam-engine, to exhaust the

air from the wood, and thus facilitate the penetration of the metallic solution.

Powerful hydraulic presses have also been used to promote this result. Such
costly contrivances, however, may be wholly dispensed with. Biittner and
Wohring, of Dresden, among others, have proposed a process which is at once
practical and cheap, and which quickly attains the desired end; their method
has been consequently introduced in the case of several Saxon, Austrian, and
other roads.

This method consists, as regards its chief feature, in the exhaustion of the air

from the vessels of the wood—a condition indispensable to a rapid and thorough
impregnation, not by mechanical forces, but exclusively by those of temper-
ature. The whole operation is, in fact, conducted on this principle, the woodea
sills being boiled for the space of an hour in a solution of metallic salts, and
then left to cool undisturbed in the same until the temperature has sunk to AO^
R. The physico-chemical process is here as follows : Through the heating of

the wood to more than 100°, not only are the included gases but also the ex-

tractive substances expelled, the escape of the former being made manifest,

throughout the operation, by the rising of large air bubbles, and the separation.

of the latter by a viscous substance floating on the surface of the solution and
indicating even by its scent its vegetable origin. The wood, as it cools, being
surrounded by the solution, rapidly absorbs it to supply the vacuity occasioned

by the expulsion of air—an effect which is aided by the pressure of the atmo-
sphere on the liquid surface exposed to it.

Tjiat the hot way for the impregnation of wood is decidedly preferable to

any cold method of preservation would seem to result from the law that all

organic chemical combinations are more certainly obtained in that way; be-

sides that the contingency of protracted rains, which, in the cold process, some-
times wash away the metallic salts, is thereby avoided. At the same time,

through the heat and vapor pervading the wood, a coagulation of the albumen
may be occasioned, whicb probably, even without the intervention of the metal-

lic salt, would of itself impart a preservative quality to the wood; for, as has
been already said, the decomposition is to be solely ascribed to the ingredients

of the vegetable sap, while the vegetable fibre in its simple state not only
withstands the influence of the weather, but remains impassive under the sharpest

reagents.

After persistent boiling for an hour and a half the heat will be found to have
thoroughly penetrated the sill, and the highest rarefaction of the included air to

have been attained ; consequently the capacity of absorption will h;ive also

reached its highest point, which is estimated at Ij cubic foot= 62 pounds of the

solution for a piece of wood of f cubic foot contents. It has been determined

by many experiments that this is to be regarded as the maximum of absorption,

which will not be increased even if the boiling be continued for si;veral hours.

As a cubic foot,= 50 pounds of the solution, is sufficient, therefore, for the preser-

vation of a sill of pine wood, and its absorption is effected in one hour's boiling

and from six to seven hours' cooling, it is apparent that the same apparatus may
be twice used within twenty-four hours for the proposed operation.

The apparatus in use on the government railroad of Saxony consists, in the

main, of a boiler of 10 horse-power, exerting a tension of two atmospheres,

with a provision of four pine-wood receptacles, each Hi feet high and 8 wide,

for every boiler of the above description. The steam is conducted through an
inch-wide tube from the boiler to the bottom of the receptacle, and traverses

the latter through a tube of like width provided with small holes. The pieces
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of wood to be impregnated are placed perpendicularly in the receptacle, witB

the larger end downwards, that the solution may ascend in the direction fol-

lowed by the natural sap ; a cover fiirni.-shed with some openings, and well

secured, is then applied, and first the t^olution and afterwards the steam ad-

mittt'd; the heating of the solution will thus be effected within tM^o hours. It

is to be observed that, as the volume of the solution is increased about one-fifth

by the condensation of the admitted vapor, a proportional quantity of the metallic

salt should be added to each receptacle to restore the reduced strength. Each
of the receptacles is calculated to receive 40 railroad sills, of which 160 may
therefore be prepared by such an apparatus as that above described within

twenty-four hours.

III.

The chemical processes which take place in the impregnation of wood with

the copper vitriol have been explained by Konig, of Dresden, through experi-

ments made chiefly with pine wood. As regards the question whether the wood,

forms a chemical combination with the vitriol or one of its ingredients, he found

that the oxide of copper, as well as the sulphate, is taken up by the wood, and
that after washing the wood with water a saline base remains behind. If wood
thus impregnated be closely observed, it is seen, from the green tincture of par-

ticular spots, that the metallic salt is deposited between the yearly rings of the

wood in the less solid parts, and hence in those chiefly filled with sap. It has

been further observed that wood abounding in resin takes up much more of the

copper-salt than that which is deficient in it—oak wood, for instance, being

scarcely stained by the solution. The woody fibre would seem, therefore, to

have little or- nothing to do with fixing the saline principle; it has been shown,

indeed, that pure fibre—chemically prepared cotton, for example—does not

combine with it in the slightest degree, but yields it up entirely through repeated

washings. If, by treatment with alcohol, we obtain wood wholly free from

resinous constituents and attempt to impregnate it, no color is communicated as

in the case of resinous woods, and, by slight washing, the salt is removed. By
evaporation of the alcoholic solution we obtain, under the form of a resinate, a

greenish residuum containing resin and oxide of copper. It results from these

interesting observations that the elements of the copper-vitriol are fixed in the

wood through the medium of its resin.

If, with a view to a satisfactory determination of the question whether other

ingredients of the wood may not co-operate in the fixation of the metallic salt,

we examine the same wood before and after impregnation, it will be found that

the impregnated wood contains less nitrogen, and that it is even possible,

through contiilued treatment of the wood with the vitriolic solution, wholly to

extract its nitrogenous constituents ; these will be discovered in the solution.

In this we find an explanation of the fact that impregnated wood resists decay
longer than wood not thus prepared.

The preservation of wood by means of copper-vitriol depends, under all cir-

cumstances, npon the condition that the compound resulting from the union
of the copper and resin should more or less completely fill the pores of the

wood and invest the woody fibre, thus preventing the access of oxygen, and at

the same time repelling the attacks of insects. These facts agree with the
results realized in practice. It has been found that soft wood of loose structure

last^ after impregnation longer than more solid wood, in conformity with the
before-cited experiments, which show that the nitrogenous constituents are more
readily discharged by the copper-vitriol from soft than from hard and heavy
wood.
The experiments of Konig furnish, however, the mode in which the vitriolic

impregnation may be most advantageously effected. With thin wood it is
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sufficient, in order to extract the albuminous substances, to let it lie for some

time, frequently moving the pieces, in a vitriolic solution of 1 to 2 per cent.

Thicker wood must be treated with the heated solution in wooden or sThne ves-

sels, (since metal ones would be attacked by the metallic salt,) or be impreg-

nated in the manner precribed by Boucherie. Konig thinks that when some-

times the experiment does not lead to the desired result, the failure is at-

tributable to the mere steeping of the wood without allowing time for lixivia-

tion, and the consequent discharge of unfavorable elements, which is the indis-

pensable condition of success.

The preparation with copper-vitriol has been attended with satisfactory

results in the case of several German railroads. In May, 1849, a commission

of Prussian engineers examined the pine wood cross-ties which had been laid

on the Berlin and Stettin road in 1841 and 1842. Here the impregnated and
unimpregnated pieces lay close together. The latter were in general wholly

decayed, while the former were in good preservation and still gave promise of

long duration.

In England the chloride of zinc, which is much cheaper, has been proposed,

and with highly favorable indications as regards the result. This process has

been iried on the Hanoverian railroads, and it was found that sills wliich had

lain for six years in the ground were still fresh and sound. Upon examination

by Wohler, it was stated that the chloride of zinc had penetrated, as well in

oak as beech wood, deep into the material. From external indications this

would not appear to be the case, yet here deception should be guarded against.

In the oak wood chiefly a dark tint had spread to the depth of 1 inch to IJ,

and it was thence concluded that the chloride of zinc had penetrated thus far

;

but this proceeded probably from a dark-colored deposit produced by the action

of the tannin of the wood on the sides of the iron vessel. The mineral imparts,

in general, no color to the wood, and chemical analysis remains the only means

of determining its presence.

The greatest quantity of zinc was found in the beech wood, and in this

respect no difference appeared in that which had and that which had not been

steamed. With the oak it was otherwise, that which had not been steamed

showing a much smaller proportion of the metal. Still poorer in zinc was the

beech steeped in zinc-vitriol, and poorest the unsteamed oak treated in the

same way. In the latter, therefore, steaming would seem indispensable, for

only by a thorough penetration of the metallic solution can decay be perma-

nently averted.

Recently a solution of the oxide of zinc in wood-vinegar has been proposed,

and more lately still the chloride of mang-anese, which is produced in great

quantity in the manufacture of chloride of lime, and as an incidimtal product is

of little exchangeable value. The free acid is here saturated with lime or with

oxide of zinc.

In North America, wood, especially that intended for ship-building, is salted,

as with us flesh and vegetables are cured for longer preservation. This method
can scarcely be recommended in our own practice, since, however calculated

to prevent the so-called rot, the prices which we pay under a monopoly place

the article beyond our reach, considering the quantity necessary to be used. It

takes, for instance, for a brig of 6,000 cwt. burden, not less than 1,600 cwt. of

common salt, and that is with us quite a capital. The salt might be replaced,

indeed, by the mother-water of the salt-works, since great eflicacy is attributed

to the chloride of magnesium contained therein, which, in a chemical point of

view, is very similar to the chloride of zinc.
^

It seems highly probable from the experiments of Konig that all these solu-

tions of different kinds of salts, as far as they have succeeded in practice, act

like the vitriol of copper upon the albuminous substances of the wood, and in

like manner extract them therefrom.
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H. Volil, of Bonn, recommends the so-called kreosote (coal-tar oil) for the

preservation of wood. This kreosote consists for the most part of an ethereal

oil, with which small quantities of true kreosote and carbolic acid (phenylic acid)

are- mixed. Its practical examination is easy, requiring only that the oil should

he mixed in a graduated cylinder with some ten per cent, of a strong alkaline

lixivium, well shaken, and then left to settle. The liquid will separate into

three distinct portions, the lower of which is purely an alkaline lye ; the middle,

which is brown, and of the consistency of sirup, contains the kreosote and

carbolic acid ; and the upper consists of the ethereal oil. As the volume of the

substances employed is known, the quantity of kreosote and carbolic acid is

easily determined. Since it is in these that the virtue of the impregnating oil

resides, this criterion seems well adapted for determining the relative value of

the latter. It has been stated that the coal-tar oil, received as -well from Eng-

land as from Belgium and France, contains a maximum of from eight to ten per

cent, of kreosote and carbolic acid, whereas the pi-eparation obtained from the

photogenic manufacture is much richer in these constituents.

The presence of much ethereal oil in the fluid obstructs the absorption of the

latter by the wood, and an eligible method for the preparation is to treat the

kreosote with an alkaline lye, until, without being decomposed, any desirable

quantity of water may be mixed with it; a certain proportion of the oil is sepa-

rated, which is to be decanted from the mixture. The alkaline solution of kre-

osote, which, after the dilution, has a specific weight of 1.05 in relation to water,

is applied by spreading it on the wood. When this application is absorbed,

which soon takes place, the operation is repeated until the wood is sufficiently

impregnated. Were the wood thus prepared exposed to the weather, a great

part of the kreosote would be washed away ; hence Vohl employs, for the fixa-

tion of the kreosote, a weak solution of the sulphate of iron, (iron-vitriol.) The
sulphate of the vitriol neutralizes the alkaline menstruum of the kreosote, and

this, now become free, attaches itself to the substance of the woody fibre. The
precipitated oxide of iron, which entered together with the kreosote, is -con-

verted gradually into a hydrate of iron, at the expense of the atmospheric oxy-

gen contained in the wood. The sulphate of soda (glauber salts) formed there-

with is removed by degrees through the atmospheric moisture. Wood prepared in

this manner, though exposed to every atmospheric alternation, exhibited, at the

end of eight years, no trace of deterioration from decay or fungous formations.

Kreosote has been found of great advantage in the preservation of the rigging

and sails of ships, not only supplying the place of tar, but excelling it in its

beneficial effects. The efficacy of this operation rests on the facility with

which kreosote combines with organic substances treated with lime, such as

skins, leather, &c. ; and in view of this the sails and ropes are first passed

through a weak solution of lime and then through a strong tan-bath. The lime

is precipitated through the operation of the tannic acid on the vegetable fibre,

which thus impregnated readily absorbs the kreosote. Vohl observed no rot-

tenness in sails thus prepared, after six years' exposure to all kinds of weather.

In order to promote the duration of timber used in the construction of bridges,

it has been proposed to protect those parts exposed to moisture and the atmo-

sphere with roofing-felt.

Rottier, professor of chemistry in the University of Ghent, has recently made
many experiments, with a view to discover which it is, among the various con-

stituents of the coal-oil tar, that operates most efficaciously for the protection of

wood from decay. His examination extended to the light or ethereal oil, the
carbolic or phenylic acid, the aniline, the naphthaline, the insoluble residuum
of the distillation, and the green, fluorescent oil which, redistilled at 275° to

320°, yields pyrene and paranaphthaline.

Of these elements, the light oil and the aniline evinced little or no efficacy.

Wood saturated with the first lasted no longer than the same kind without it,
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and the protraction of decay by the aniline might be expressed as being equal

only to 6.66 per cent. Phenylic acid is known to be efficacious in the preserva-

tion of animal substances, and as the heavy tar oil contains it, the virtue of the

latter was supposed to consist in the amount which it held of the former. But
Rottier's experiments do not confirm this conjecture. Coal tar deprived of its

phenylic acid proved as efficacious as that of commerce, which contains a large

quantity. Napthaline has proved very effectual in protecting collections pertain-

ing to natural history from insects ; but the presumption arising from tliis fact

is not borne out by the experiments of Rottier as regards the preservation of

wood. It is otherwise, however, with the heavy green oil ; this evinced uncom-
mon efficacy. It remained, therefore, to determine upon which of its constituents

the virtue depends. Pyrene and paranaphthaline, on direct experiment, yielded

no favorable results ; whence it is to be inferred that it is the green oil itself

which operates to the protection of wood from decay. It would seem also, from

the experiments, that the higher the temperature at which the coal tar is distilled

so miich the more operative is it, probably from confciiniug a greater quantity of

the oil.

The fact should, however, not be overlooked that the experiments just men-
tioned have been conducted on a small scale, and the results have not remained
uncontroverted. More decisive certainly are the experiments made with such
materials as the sills of railroads, as well on account of the size of the materials

submitted to trial as the parallelism of the circumstances under which the pro-

cess is applied. Thus much at least we have already learned, that the preser-

vation of wood, even to the extent which is now within our reach, is a subject

which may well excite attention. If we had attained no other result but that

of being able to impart to soft wood the durability of oak, and hence to substitute

the former for the latter, this of itself would be of great importance, and be

attended with many advantages to the various branches of industry in which
the use of wood is indispensable.



CAOUTCHOUC AND GUTTA-PERCHA.

TRANSLATED FKOM THE " AUS DER NATUR."

Througli the discovery of Americca and the sea route to the East Indies, those

prophetic words of Seueca were finally realized after so many centuries :

" Venient annis
Ssecula seris, quibus oceanus
Vincula verum laxet et ing^ens

Pateat telliis, Typhisque uovos
Delegat orbes, nee sit teiris

Ultima Thule."

Not precisely these, hut similar dark legends, traditions of a remote age, in

faint though recognizable lines, showed the route which Columbus and Vasco de

Gama were to pursue. It was the fortitude with which these heroes braved the

terrors of the ocean that gave them the victory. The one unveiled a new
world, and the other brought India near to us, a country the charming aspect

of which had, from the most remote time, kindled the enthusiasm or desires of

mankind. These deeds soon produced their fruits ; the unexpectedly expanded

view opened a new era, and ihe inexhaustible resources which became accessible

brought about a transformation of society.

The access to the tropical regions, over which nature has so lavishly strewn

its rich treasures, became more and more easy ; more and more of those precious

gifts which the incessantly active though always still life of the vegetable realm

works out there for man, the lord of creation, came to light and took rank among
the necessities of civilized nations. Centuries h ive passed and the treasure is

still inexhaustible—nay, still partly undisclosed. The London Exhibition has

taught us this, its East India division displaying numerous natural products

which we had not even known by name.
The abundance of light, heat, and moisture within the tropics creates there

a vegetation of the luxuriance and splendor of which we of the cold north can

hardly forqi an idea. The great fertility of the soil allows so many trees to

grow up near each other that their branches find no room to spread. Thus
every stem strives to overtop the other, pushing v;p towards the light, and far

from the ground displaying its crown. Everything is so dense there that none
can advance a step without opening a path with a chopping-knife. The ground
itself is not large enough to bear all the plants shooting up in such rank exube-

rance ; they themselves form a new soil for others, a soil which thousands of

parasites contest with each other. All the fairy splendor spoken of in the

ancient legend of the suspended gardens of Semiramis is here not only realized

but surpassed. Here every tree is a true flower garden, rich in its variety of

tints and forms. Raised high into the air on a single stem, these floating gar-

dens look down from their giddy attitude upon the wanderer in charming grace-

fulness. With the manifold plants and blossoms that seem to shoot from the

boughs of some trees, or to root themselves on them, strangely contrast those

mosses which hang down from the branches of others like immense periwigs

or horse-tails, or which, resembling beards, make the giants of the forest appear
like gray veterans, whose heads the lapse of centuries has been insufiicieut to

bend. But there is no path leading to the splendor of those luminous heights j
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the traveller must content himself with a view from great distance, for more

than one Cerberus guard the treasures. The external aspect, combined with the

astonishing fertihty and the superabundance of products of every description,

suggests the idea that the garden of Eden, the paradise from which man had

been expelled, has there again come to light, for the curse under which man-

kind groans—" In the sweat of thy brow shalt thou eat thy bread"—seems there

to be powerless. But a shade is inseparable from light ; there are hosts of

terrors connected with those paradisiacal regions, lavishly scattered by nature

in order to prevent man from easily enjoying his life amid all that magnificence.

One example out of a thousand will make this clear.

Of the various branches of natural history, botany alone is regularly taught

in our schools, which at least acquaints the youthful student with those off-

springs of our flora which he meets in his rural excursions. Many of our

readers will remember the surprise they used to feel at seeing a thick, milk-

like juice profusely flowing from some of the plants which they plucked. That

juice was in some cases white like milk, in some colorless and dark, in other

but rarer cases it was colored. Thus celandine, which we generally see grow-

ing around hedges and on heaps of rubbish, is all filled with a yellow juice,

while the juice of some varieties of wulfs-railk is rose-colored. To the same class

of plants belong, among the natives of our soil, the various salad plants, the

poppy, the dandelion, &c.

The nearer we come to the equator the larger becomes the number of plants

bearing a milky juice, and the greater the diversity of the qualities of these

various juices. Just as the plants themselves mostly belong to the three

great families of the euphorbiacete, apocyneaj, and urticese, in the same way we
can divide the various milk juices, in general, into three classes. The first is the

nearest in resemblance to animal milk ; its taste is sweet, refreshing, and cooling,

for which reason it is variously used by the inhabitants of those regions as an

excellent means of refreshment. But to the plants themselves these juices are

no aliment, as has been erroneously believed ; they are in this respect by no

means to be compared to the milk of the animals. The second class has become

the most important to man. The fatty globules of animal milk ai-e here replaced

by a peculiar substance, which, like milk, is prevented from coagulating by an

albuminous matter. Caoutchouc is here formed in the same way as cream out

of milk at rest, and both possess that peculiar property that, when coagulation

Las taken place, a separation of the single globules can no more be brought

about. The third class, finally, produces the most terrible poisons, which, in

the hands of the aborigines of America, Asia, and' Africa, become the most

dangerous weapon against rapacious animals and against men frequently more

rapacious.
*

Every part of the globe has its peculiar plants, which yield the chief compo-

nent parts for these arrow poisons. They are mostly little known to us, the

savages guarding their treasures with watchful jealousy. The preparation of ar-

row poison is a secret of the priests and sorcerers ; it is accompanied, as is also the

gathering of the milky juices for that purpose, with the performance of sundry

superstitious ceremonies. He who is discovered selling the poison to Euro-

peans is put to death; the purchaser shares the same fate. If the wound is

only so deep that the poisoned point of the arrow penetrates to the blood, a

violent convulsion of the limbs takes place almost instantaneously, which, in a

few minutes, is followed by death, foam covering the lips of the victim, and very

soon after by the decomposition of the body. The wounded man is irretrievably

lost, for no European knows an antidote; the speedy cutting out of the wound
and of its surrounding is said to be the only possible means of salvation. At
least the natives make use of this means in order to save the flesh of the animals

killed by them with poisoned arrows. Such flesh is entirely innoxious, in spite

of the immediate effect of the poison, and is daily eaten in great quantities by
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the savages. It is equally remarkable that many of the plants containing poi-

sonous juices yield some of the most important means of subsistence in those

regions. We mention here only the arrow-root, which, in tropical countries, is

a substitute for potatoes; the yam-root, which has of late fieqnently been pl'o-

posed as a substitute for the diseased potato in our own countries ; and chiefly

the manioc, [zatropha manihot,) which is to the natives of South America

—coloi-ed, as well as white—what rice and the cereals are to the inhabitants of

the Old World. Nay, our own potato offers an example of the same kind.

The plants which yield caoutchouc, now become an important commercial

article, belong to all the three families above enumerated. The real caoutchouc

tree, from which elastic gum was first extracted, is designated by the scientific

name of sipJionia elastica, and belongs to the euphorbiaceaj ; it yields the greatest

quantity, but many other trees of the same family yield smaller quantities. The
best caoutchouc is derived from a plant of the family of the apocyneai, called

cynanchum. Further are to be mentioned here, urceoJa elasfica, Roxb., a plant

of Sumatra; vahea gummifera Po/^e?!, of Madagascar ; collophora utilis Mart.,

and hanconia speciosa Mart., of Brazil; willughbeia edulis, of India, &c.

Among the urticeaj the various fig trees deserve particular mention, {Jicus reJig-

iosa, indica, henjaminea, toxicarias, F. elastica, Roxb.,) but besides them several

other plants.

Tropical America and the East Indies are the great sources of supply. In

the former it is chiefly the euphorbiaceai, in the latter the fig trees, that yield

caoutchouc for trade; while the plants of the family of the apocyneiB are rather

common to both. As soon as the Caucasian race will grant the unhappy inhab-

itants of Africa the right of being men, rich sources will also be disclosed in this

part of the world.

The genuine caoutchouc tree was first described by Aublet, under the name
of /levea guianensis ; but its blossom and fruit parts were not well known to

him, they being first made known at a later period, by Hichard, whose merits in

making us acquainted with this useful plant Avere, however, subsequently passed

over in silence by his own son. Wildenow subsequently referred the spe-

cies to the genus siplionia. This tree grows sixty feet high, and about

three feet thick; its wood is white, and its bark, especially on its very wide-

spread branches, thin, grayish brown, and smooth. The Indians make long and

deep incisions, reaching the inner wood, all around the tree, from which, the

wound being kept open by a small wooden wedge, the milky juice flows sponta-

neously and profusely. To promote its drying, they make it flow in thin layers

over moulds of unburned clay, mostly of the form of round and short-necked

bottles of various sizes. The coating is repeated until the required thickness is

obtained ;* the drying process is facilitated by fire, the smoke of which gi^es a

black color to the gum ; the moulds are then crushed within and removed in

pieces. Formerly elastic gum used to come to us in strange shapes of birds,

quadrupeds, &c. ; now we receive it mostly in large plates, or blocks, or also in

a fluid state, in hermetically-closed jars.

The collecting of the milky juice is done by the Indians with little care; the

gum, therefore, contains many heterogeneous substances, which are an impedi-

ment in its elaboration. In general, the price of the article varies greatly in the

regions that produce it, being determined by the quality of the merchandise, the

size of the pieces, and the quantity brought to market. The commission sent

by several German princes to examine the region of the Mosquito coast bought
fifteen pounds of caoutchouc for five pence, (English.) Other natural products,

like sarsaparilla, the collecting of which requires less labor, offer more gain, and
thus the Indians, whose wants are easily satisfied, attach little value to elastic

gum. But for this circumstance the exports from America would be considerably

larger; a single man can collect sixteen pounds a day; however, more than
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three or four pounds is rarely gathered. The inner bark of the tree is used by
the Indians for the preparation of articles of dress.

The genuine caoutchouc tree is found everywhere in tropical America, from
Mexico to Brazil. It chiefly abounds, however, in the extended plains south
of the Orinoco, which are covered, so to say, by one primeval forest, and across

which only the rivers, and especially the Amazon, can serve as roads, and in the
numberless low islands enclosed by the exceedingly wide estuary of that gigantic

stream. From this region caoutchouc is also exported in the form of shoes,

manufactured by the Indians, who, for that purpose, make the milky juice flow

slowly and repeatedly over the necessary moulds. Besides, considerable quan-
tities are gathered around Quito, on the Mosquito coast, in Guiana, in the island
of Mauritius, and in Brazil.

In the East Indies, the fig trees are predominant. Their numerous species,

which chiefly form forests in low localities, invest the vegetation of the islands

situated in the Indian Archipelago with a peculiar charact«r, manifesting itself

in their closed and sombre appearance, the density of the forests, and the moisture
and dampness of the air. The stems of the trees rapidly develop themselves,
and are remarkable for their bulky thickness, their irregular growth, and the
wide spread of their intertwined branches. The wood, however, is soft and
spongy, and a multitude of parasites and creeping plants spread a living cover
over the bark of the stems growing out of the mouldering ground. Numerous
hosts of apes leap to and fro, screaming and howling, over the high branches,
and the thickets are all enlivened by the varied cai-ols of the birds.

Already, when approaching the Straits of Sunda, the traveller finds a full

compensation for the weariness of his long voyage, and the view upon the coast,

teaming with vegetation, surprises him the more pleasantly as he still remem-
bers the sparsely- covered heights of the Canary and Cape Verde islands and the
bald summits of the African table mountains. The nearer he approaches, the
livelier becomes his desire to enter the scene which so charmingly opens to his

eyes. While Borneo is covered with forests displaying in the highest degree
the character of equatorial exuberance, and Sumatra presents the aspect of a
perfect tropical wilderness, Java, the finest of the Sunda isles, deserves the
prize of beauty. Here the vegetable kingdom can be seen in its perfectly pure
form ; here more plainly than anywhere else can we see what the undisturbed
power of vegetable growth in tropical climates, aided by a combination of most
favorable circumstances, is able to achieve. In no other part, probably, of the

eastern hemisphere is such luxuriance of vegetation to be met with. I'he whole
island is a hot-bed reposing over a hearth of subterranean fire, still active and
everywhere manifesting its activity. Just at the foot of the volcano Merapi,
rising to an altitude of 8,000 feet, vegetation appears most powerful. Hundreds
of species of trees, among which there is hardly one falling short of a hundred
feet, form the high arched primeval forest, towering over a rich, spongy soil,

covered with an endless multitude of mushrooms. Among these trees the
urticeae, or fig tree, are, in general, the principal figures.

Forming a continuation of the volcanic chain of the Sunda issles, there is

another range of volcanoes, which takes a northerly direction : it is that of the
Moluccas and Philippines. Chiefly in the latter islands, one of which, Luzon,
is covered with a dense range ol volcanoes, the gorgeous magnificence of the

equatorial zone is fully displayed. If we there ascend the mountains, we per-

ceive in the forests the powerful fig trees, around which luxuriant parasites wind
a dense trellis-work.

On the Indian main land, and chiefly in further India, under the perpendicu-

lar rays of the sun, nature displays its full strength in developing the vegetable

world. And, again, it is the urticeaj, together with terebinths, magnolias, gum
trees, with large resplendent leaves, hairy silver trees, palms, bamboos, and
similar plants, that produce a theatre of vegetation entirely new to the European.

14 S
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It is true we find in our hot houses the represeutatives of the plants which

yield us caoutchouc, but we sec them there only in a more or less stinted con-

dition. However carefully we may rear and guard them, the animating glow

of their native sun cannot be replaced. As the European becomes another man,

if he does not entirely degenerate, in a tropical climate, so the character of those

plants becomes altered in our artificial hot-houses ; they yield no caoutchouc,

their milky juice containing ouly a substance which greatly resembles our

mistletoe glue. And this proves that the burning sun of the tropics is a prin-

cipal agent in forming caoutchouc.

It is not exactly known who first brought elastic gum into Europe. Gener-

ally, it is believed that it was the celebrated French savant. La Condamine, sent

by the French Academy to South America to partake in the measuring of

deo-rees of the globe. On his return, in 1736, he is said to have spread the first

knowledge of it. Later, in 1751, he more fully communicated his observations

on the subject to the Academy of Paris. At that time elastic gum was still

regarded as a great curiosity, to be found only in museums. The Portuguese

were the first to introduce it, the commercial houses of Lisbon selling it under

the name of bococho. In the far east caoutchouc was discovered by a company

of soldiers who were compelled to cut their way with the sword through a forest

of Prince of Wales island. They were surprised to find their blades covered

with a glutinous substance, which proved to be caoutchouc. To Dr. Roxburgh

we owe the first botanical description of the first East India plant, ( Urccola

elasticaj from which caoutchouc was derived.

For many years it was turned to no other use but the effacing of lead pencil

marks. By degrees, however, the most important property of the hardened

plant juice, its uncommon elasticity, became better known and usefully employed.

In 1790 elastic bands were already manufactured; the art of softening caout-

chouc and forming it into water-tight textures had been learned. In 1791

Grassert made caoutchouc tubes by twisting fresh-cut pieces, in the form of a

screw, around a tuo.-n. In 1S20 Stadeler extended caoutchouc into fine threads,

which were spun and woven into elastic textile fabrics. Later still. Mackintosh
brought to market those water-proof fabrics which bore his name, and which,

in a short time, made the tour of the whole civilized world, but just as rapidly

fell into disfavor, the tightly-fitting dresses made of them proving to be incon-

venient. For, in the same way as they kept off the rain, they also prevented

the passage of the exhalations of the body, so that he who wore them for some
time became wet even without rain.

That people also knew how to make use of caoutchouc in a different way,
appears from Seume's " Walk to Syracuse." " Fine water," says he at one

place, "is one of my chief favorites, and wherever opportunity offered I ap-

proached and drank of it. You must know that I am not so Diogenes-like in

the matter as to drink from the palm of my hand, but that I use on my pil-

grimage a flask of gum, which is clean, keeps well, and can be made to assume
any shape." And again, when speaking of the insecurity of the high roads

:

"There is little reconnoitring with me; my hammer and my gum flask will

tempt few robbers." But it is undoubtedly the chemists that turned the elastic

gum to best advantage. We can say that it became indispensable to them.
The successes achieved by that science since the end of the last century are to

be attributed, in part, to the use of the apparently unimportant tubes, a few
inches long, which the chemist so easily m.anufactures out of that gum. With
their aid he makes gas conductors air-tight, and prepares many a complicated
apparatus. This importance of the elastic gum is owing to the property of ad-

hesion to each other residing in its fresh-cut surfaces. The chemist simply
places a small piece of a thin sheet of caoutchouc in such a manner over a glass

tube of convenient diameter that the two edges flatly overlay each other, and then
rapidly cuts them off with a sharp pair of scissors. If the cut edges do not
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touch each olhor he presses them carefully together, and th^ tube is done. The
vahic of those tubes is enhanced by other chemical properties of the substance,

which is insensible to the influences of many acrid liquids and vapors. Chlorine

gas, hydrochloric, and many other acids and caustic alkalies, do not affect it.

Concentrated sulphuric acid causes a carbonization of its surface, but a further

decomposition only at high temperature, sulphurous acid being evolved, and
the gum assuming the softness of resin. Nitric acid makes it yellow, and, after

some time, soft. In the fuming acid it dissolves, evolving carbonic oxyd. But
a mixture of concentrated sulphuric acid and nitric arid acts mo <t destructively.

The comflaon solvents exercise no influence on caoutchouc. The solution of

this substance was, therefore, a long time an enigma to chemists, even after Mac-
quer's pretended discovery in 1768 of the key to it. It was Pellctier who first

indicated the right way of doing it. Having been softnued in hot water,

caoutchouc is solved by (^ther freed from spirit of wine. Wiihout this precaution

the substance is only softened, as it is by petroleum or spirits of turpentine.

At the same time the substance increases by swelling even to thirty times its

volume. It is an easy matter to blow the softent'd flasks into a considerable

size. Mitchell expanded a caoutchouc bladder of the size of a walnut to fifteea

inches diamrter. He prepared such balloons, some measuring six feet in

diameter, wh?ch, being filled with hydrogen gas, serve as toy balloons for

childr>'n. One of these balloons having slipped from his hand, came down to

the ground only at a distance from the town of a hundi-ed and thirty miles. But
caoutchouc swelled in rock or turpentine oil can be so much extended by the

application of heat and mechanical means, larger quantities of the liquid being

gradua ly added, as to appear dissolved. The caoutchouc membrane, however,

which is left after the evaporation of the solvent, has the inconvenient property of

long remaining sticky. To remedy this inconvenience, Benzinger has by acci-

dent discovered an efficient means, not yet widely known, in the admixture of a
very small quantity of a concentrated solution of sulphuret of potassa.

Better solvents for caoutchouc have lately been discovered. Such are

chlorofoi-m, sulphide of carbon, and chiefly those aarburetted fluids which are

derived from the distillation of tar or of caoutchouc itself. In one factory at

Greenwich, England, about eight hundred pounds of waste caoutchouc are daily

subjected to dry distillation in iron vessels. When this operation is not carried

too far there remains a greasy mass, which retains this property, and effectually

withstands the influence of the air and water. For this reason it is used in

England for the purpose of saturating cables, and thus rendering them more
durable. A similar greasy mass is gained by melting caoutchouc at a tempera-
ture of 125°. It swells and burns with a bright v/hitish flame, so that in

South America caoutchouc is used for purposes of illumination instead of candles

and torches.

In the mineral kingdom, too, substances ai'e found which in their external

properties greatly resemble caoutchouc, but resist the power of solvents still

more effectually than the vegetable material. A. similar substance can be pro-

duced artificially by exposing thin layers of linseed oil to the air for six or

seven months.

As early as a quarter of a century ago caoutchouc had become a branch of
industry of some importance. But the English imports of the raw material

show that it was still resting ou an uncertain basis. While in 1829 about
100,000 pounds of elastic gum was imported, its consumption in the following

year reached only half that amount. In 1833 a duty was paid upon no less

than 178,67r5 pounds. The properties of the raw material itself greatly restricted

its manufacture. The use of the articles manufactured was changeable and
limited. By moisture and cold gum-elastic partly loses its elasticity, and be-

comes hard, but it is softened by heat and compression in the hand. Many an
article that was very useful in summer had to be put aside in winter. The
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removal of tliis inconvenience gave an expansion formerly unthougLt of to this

branch of industry, which became manifest at the world exhibitions of London,

New York, and Paris, in 1842. The importation of caoutchouc into England

amounted to 750,000 pounds; and about the time of the London Exhibition one

South American port alone exported yearly no less than 4,000 hundred-weight.

By what means this rapid change was consummated may be described in another

place; here we find it more convenient to introduce the lately discovered com-

panion of caoutchouc. The manufacturing processes of both are almost identical,

and are therefore to be treated in conjunction.

During one of his travels in the East Indies, Montgomery, surgeon* of the Sin-

gapore East India Company, entered into conversation with a Malay laborer.

While talking, he observed the handle of a hoe, and he heard with surprise

that its substance, however hard it appeared to be, could be softened by
immersion into hot water, and could thereupon assume and preserve any desired

shape. The experiment being immediately made, the assertion of the Malay

was fully confirmed. On further inquiry that excellent quality of the substance

in question was found to have been long known among the nations of Java,

where it was used for manufacturing canes and handles of whips, as well as of

various other implements, and especially of knives and daggers. Montgomery
was induced to send, in ] 843, various specimens to London, and to fiall public at-

tention to the manifold uses of which the thus examined substance was capable.

His words were more duly noticed than those of D'Almerida, who about ten

years before had sent a similar freight to the Asiatic Society in London. The
Society for the Encouragement of Arts and Industry bestowed a gold medal
on Montgomery. But gutta-percha was at the same time also discovered by
Thomas Lobb, who, in lS42-'43, made a botanical journey through the East
India islands.

The new, but now already so well-known substance, is also a dried milky
juice, in many resnects resembling caoutchouc, and, therefore, considerably

used of late as a substitute for it. The Malay name, gutta-percha, is applied

by the natives to an inferior sort, derived from a tree as yet unknown to us,

probably a species of fig-tree, while our gutta-percha is called gutta-taban by
the islanders.

The mother plant was for a time unknown until Oxley sent to Hooker, in

England, some blossomiug specimens from Singapore, the principal place of

exportation. The parts of the plants were enclosed in a gutta-percha box, and
reached thus well preserved the hands of the botanist. He recognized the plant
to belong to the genus isonandra, lately introduced by Wright, and to the
family of the sapotacea, and gave it the name of isonandra gutta. Here we
must remark that gutta is not the latin word for " drop," but a Malay word de-
signating " tree's sap."

The tree attains an altitude of forty, and according to some even of sixty or
seventy feet. The stem is straight, and often from three to six feet in diameter;
its blossoms, four in a bunch, are small and white ; the fruit is sweet, and yields
a fat useful in the preparation of some kinds of food. The wood is soft, fibrous,

and spongy; it contains numerous oblong cavities filled with the milky juiee,

and forming broad streaks. Unfortunately the way of procuring gutta-percha
is exceedingly crude. It is not done by making incisions in the trees, as is the
case in gathering caoutchouc, but by felling the stem, some grown to an age of
from fifty to a hundred years, peeling off the bark, and collecting the milky
juice in a trough made of the stem of the musa 2>aradisiaca, in cocoanut shells,

&c. The juice, when spread out in thin layers, soon becomes solid in the open
air; larger quautities are thickened by heat. The yield of a tree is said not
to exceed thirty pounds.

Although the tree abounds over a vast extent of territory—in the island of
Singapore, in the forests of J^hore, at the extremity of the Malay peninsula,
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in Borneo, Sumatra, and all the numerous islands of the straits of Singapore

and the Indian Archipelago—the destruction of the stems, (270,000 in all,) caused

by the rapidly increasing exportation

—

22,225 pounds in 1844, but already 25,533

cwt. in the following three years—gave rise to serious apprehensions. And in

fact, the exportation itself seemed to decrease soon after, for, after reaching

11,114 cwt. in 1846, it amounted only to 8,091f cwt. in the following year and
a half. It appears, however, to have since somewhat increased.

Be this as it may, warnings were sent over from England to treat the trees

more savingly, and to make incisions in, instead of felling, them. Frequent
complaints were heard that in India people believed the primeval forests to be
inexhaustible. That they are not so, and what pernicious consequences follow

their devastation is proved best by the example of the West India islands.

At the time of their discovery, these were all covered with the finest forests
;

now fine forests are only to be found in the larger islands, which owe to them
their abundance of water and fertility. The smaller islands, however, the forests

of which have been recklessly destroyed, suffer from drought, and in part possess

neither springs nor brooks. There is scarcity of fuel all over the West India

islands ; in Cuba the sugar pans are heated with orange-wood, the sugar-cane

not being sufficient for the purpose. Though this example speaks loud enough,
people in the East Indies have no ear for the warning, and seem bent on repro-

ducing there the deplorable condition of the West India islands. The earnest

entreaties from England remain unheeded, and the well-known botanist See-
mann informs us that he could discover no gutta-percha tree even around Singa-

pore. At some places the tree is grown by European settlers in gardens. The
coasts of the Indian Archipelago, too, are already greatly denuded, while trans-

portation from the interior is connected with great difficulties.

Gutta-percha is brought to market partly in a liquid state, partly in small
slices, or kneaded into blocks and rolls, in the cuts of which the layers are dis-

tinctly visible of which the whole mass is composed. In this case it is solid

and hard, but still easily receives impressions by the nail. The color is more or

less reddish brown, owing to pieces of bark contained in the mass. This con-

tains, besides other substances, parts of plants of various kinds, sawdust,
earth, &c., admixed with dishonest intent, and sometimes amounting to a fourth

of the whole, especially as the trade at the principal place of export is almost
entirely in the hands of the crafty Chinese.

Gutta-percha, in itself, possesses little, if any odor ; but it often smells

strongly, as of rotten cheese, or of something sour, on account of admixed
substances in a state of fermentation. At ordinary temperature, 0° 25', it is

hard, leathery, solid, and strong, so that, for many purposes, it is preferred to

wood or horn ; it is tough, very stiff, and little elastic, so as not to resume its

original shape after much bending. At no temperature does it possess the
elastic ductility of caoutchouc. It offers a considerable resistance ; its solidity

has been tried by various experiments. According to MacCayan a piece one-

eighth of an inch thick is torn only by a pressure of 50 pounds. Payen put
gradually increasing weights upon a very thin gutta-percha band 7i" long,
1" 4^'" broad, and not fully j^^q'" thick, until it tore ; this took place under
a pressure of more than 4| pounds, the band, in the meanwhile, having ex-
panded to 1' IJ", that is to say, almost to double its length. Eermantol has
found that every square line of the diameter of a gutta-percha band could bear,

before tearing, a pressure of 25 pounds. The line of division marking where
the elasticity begins to be tasked, would, according to these experiments, fall on
five pounds for every square line, or 720 pounds for a square inch. At a higher
temperature, by which gutta-percha is softened, tearing ensues much sooner,

and the latter, therefore, frequently proved a failure when services wei*e de-
manded of it which did not agree with its nature.

The most remarkable peculiarity of this substance, which makes it appro-
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priate for so many uses, is its relation to heat. Above 50° it becomes more

flexible and somewhat elastic, but still maintains its hardness and remarkable

power of resistance ; on severe tension its contracts but litle. At 65° to 70°

it becomes soft and very plastic, and loses much of its toughness. In this con-

dition several pieces of it can easily be kneaded into one whole. Mere immer-

sion into hot water of these temperatures suffices to give the mass every' shape

desired, which it also preserves after cooling ofi', when it reassume;^ its former

hardness at every temperature below +45°. It is, further, easily inflammable,

and burns with a bright flame, and amid strong sparkling, dripping off a dark,

glutiijuous residue. In regard to solvents, guita-percha is like caoutchouc ; its

decomposition in increased heat and its composition are similar to those of that

substance. Like it it consists of carbides of hydrogen. The little oxygen
which has been found in analyzing it was probably received from the air during

the purifying operation. The article of trade has frequently been subjected to

chemical experiments, but we cannot say that a clear result has been elicited.

We omit th^m, therefore, mentioning only one circumstance which has often

caused conl'usion in practice.

The surface of a carefully cleaned plate is found to be, in parts, covered with

a bluish bloom, which, however often wiped away, reproduces itself as long as

the plate remains flexible. After years the whole surface appears to be faintly

grayish blue, and under the microscope can be pei-ceived an exceedingly thin

layer of very fine, white, little dots. A higher temperature, to which the gutta-

{>ercha had been exposed, greatly promotes this alteration, and therefore the

darker sorts suffer by it most. The physical property resulting from this change

of the surface is noteworthy. Unchanged gutta-percha is a good insulator of

electricity, and occupies so low a rank in the scale of electric affection by rubbing

as to remain strongly negative when rubbed l)y almost any substance. Only
gun-cotton and electric-paper make it positively electric. The changed surface

does not destroy the power of insulation, but the gutta-percha rises thereby high in

the scale of electrical excitement, and when rubbed with almost any substance

becomes positively electric in a high degree. The exceptions are only mica,

diamonds, and fui'S. Hence we learn the remarkable fact that we possess in

gutta-percha a plate, one plane of which—the blue—when lightly rubbed with
the hand, with linen, glass, rock crystal, the barb of a feather, or flaanel,

develops intense positive, and the other—the brown—intense negative elec-

tricity when going through the same processes.

Gersdorf finds the cause of this change of sui-face, which resembles a similar

appearance on the surface of ripe plums, in the attraction of water from the

atmosphere. Gutta-percha, deprived by cautious melting of all water, of which
it, as a rule, imbibes some 5-6 per cent, in the process,of formation, and there-

fore assuming a dax'k brown color, is soon covered, especially on its cut planes,

with this vapory coating; while this does not take place, or does only a great

deal later, with the light- brown substance, which has not been rendered anhy-
drous to so extreme a degree, except when, and only where, it is traversed by
dark veins. Still, it is a question whether the change of color is a consequence
of a mere deprivation of water, or rather attributable to the influence of heat,

that is, to a change of the substance itself.

Therefore, it is likely that the change of the gutta-percha is caused by a se-

cretion of a component part of the mass by the influence of air and heat.

The excessive positive irritability of the altered surface, which we find in

no other vegetable substance, is an indication that the process is connected
with the two kinds of resin which Payen has obtained from gutta-percha. A
closer inquiry into the question, especially in the indicated direction, would be
useful, for only thus could we discovar the causes of the unfortunate transfor-

mation of gutta-percha into a very brittle mass, a change noticeable chiefly in

small articles manufactured out of that substance.
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Caoutchouc and gutta-perclia can be easily distinguished from each other.

First, they are entirely different in their structure. When gutta-percha is

rolled into thin sheets, or drawn into strips, it is like a fibrous substance, which
is not the case with caoutchouc. A thin strip of gutta-percha can be con-

siderably stretched in one direction, in that of the fibre, but it tears at every

attempt to stretch it obliquely to that line, while caoutchouc is easily stretched

in every direction. When thin sheets of both substances are examined in

their relation to light by means of polarization caoutchouc show? little, if any,

change of color, while gutta-percha offers fine appearances. The latter seems

to be constructed of prisms of the most variegated color, which appear to be in-

terlaced in each other.

In a chemical way, too, the two substances can be distinguished from each

other by means of chloroform. Gutta-percha is dissolved in it boiling ; it yields

no ether from the solution by distillation, but an alcohol in the form of a white,

ductile, not sticky membrane, and such is its residue after the evaporation of

the solvent. Caoutchouc, on the other hand, swells up in boiling chloro-

form, and only when the jelly has been divided by chemical means, perfect so-

lution ensues in the further process of boiling. Alcohol acts here as a means of

distillation ; the caoutchouc is secreted as a coherent, not as a sticky mass.

In this way the two substances can be detected even when mixed together.

Of the formation of these two vegetable substances we know nothing, and
neither do we know more of the part they act in the organism of plants. In
order to avoid the difiiculty, they are designated as secreted matter.

When Montgomery sent to London the first specimens of gutta-percha he
chiefly recommended it for the purpose of manufacturing surgical instruments,

as those made of caoutchouc would soon become softened and glutinous. It

was, however, soon found out that the excellent qualities of gutta-percha render

it, much more than caoutchouc, appropriate for a thousand other uses ; it espe-

cially promised to become a substitute for leather, showing none of the disad-

vantages presenting themselves at the application of caoutchouc for the same
purpose. Besides, it is not subject to wear and tear ; and when the shape into

which this pliable mass is cast gets out of fashion, it has only to be put into

hot water in order to be transformed, or used for something quite different.

Although known only for a short period of time, it is already used for the manu-
facture of so many things, and the ways of manufiicturiug it are so manifold,

that it will be difficult to present here a true picture of the whole.

The operations used in working these two substances are common, in part.

The first is that of cleansing them from foreign admixtures, the black Java
caoutchouc, particularly, containing a considerable multitude of small stones

and vegetable particles. At the purchase of caoutchouc the quantity of water

it contains is, above all, to be taken into account, that admitting of deceitful

augmentations. For not only is thereby the real value diminished by a fourth,

but it also loses considerably of its toughness and ductility, while its whiter

color apparently indicates a better sort.

The cleaning operation is executed partly in a mechanical and partly in a

chemical way. The mass passes between two turning cylinders, corrugated,

overlying each other horizonally ; this removes the stones and similar sub-

stances. In order to make this process complete the rolled sheets are washed
in lye. A large number of these leaves are pressed together in a heated

cylinder, which gives them great uniformity. When in large plates caoutchouc

is put under a hydraulic press, where it is subjected for six or eight days to a

severe pressure, at a temperature of from 45° to -50°. When very thin sheets

are to be obtained, the heated mass passes through a rolling machinery, the

hollow cylinders of which are heated to a temperature of 100°, by means of

steam or of hot iron bars, and tvhich are gradually placed tighter and tighter.

The mass being very adhesive in heat, sheets of every length can be obtained
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by fresh additions to it during the process of rolling. In order that the sheets

be prevented from sticking to each other, they are, when taken from the rollers,

placed into culd water or strewn over by talc powder. When placed between

textures or covered with them on one side, and then passed between rollers,

caoutchouc and texture adhere to each other, thus yielding a very durable

water-proof material, which is not, however, free from defects. By pressing the

edges together, while heated, the caoutchouc sheets become perfectly united,

so that in this way various utensils, bags, &c., of all dimensions, can easily

be manufactured of them. This property made Howisse believe that we
could soon do without tailors. According to him, instead of being sewed, the

eda-es of the single pieces of a dress are to be besmeared with caoutchouc and

pressed together.

Plates of caoutchouc and gutta-percha are easily cut into threads and rib-

bons of any thickness by two spiral blades of a peculiar cutting machine. In

order to facilitate the weaving of caoutchouc threads, they are made non-

elastic by stretching and cooling. The finished texture being heated to a tem-

perature of 45^, the caoutchouc regains its former elasticity. Both caoutchouc

and gutta-percha can also be drawn into very fine uniform threads by means of

a drawing iron, the material being swelled up in sulphuretted carbon, contain-

ing an admixture of alcohol. Thick threads can be stretched into thin ones of

six times their length, and when heated to a temperature of 100° they preserve

the length obtained by stretching. After cooling, the same process can again

and again be repeated, until the desired thinness is obtained. After six repe-

titions, for instance, the length obtained is ah'eady like 16,625 to 1, representing

the original length. Such thin threads of gutta-percha are particularly to be

recommended as twine to artistic gardeners. Their pliability and strength are

astonishing. Plaitings derived from them seem to be indestructible.

When caoutchouc is to be used as dough or cement, it is first made to swell

in about double its weight of the solvent, and the jelly is then crushed in a

machine by means of several cylinders. This mass serves either as glue, as, for

instance, in the manufacture of cabinet ware and musical instruments, or to make
certain materials water-proof, or to save them from moisture, as, for instance,

the wainscot of buildings. After the example of England, German bookbinders,

too, use caoutchouc, instead of animal glue, to great advantage. A caoutchouc

cement, known under the name of mairne glue, has evinced some excellent

qualities, especially in joints of wood and metals exposed to water, as well

as for calking purposes. A solution of caoutchouc and rapeseed oil, which
absorbs of the former only a one-hundredth part of its own weight, is used as

grease for parts of machines exposed to excessive friction. When slaked lime

is added to the softened mass which caoutchouc yields at a temperature of 210^,

an excellent water-proof cement is obtained. Though tough, the mass remains
kneadable for years ; an admixture of vermill ion is, therefore, necessary when
drying up is desired.

A solution of caoutchouc and gutta-percha, has various useful applications,

among others for coaling various substances in order to make them water-
proof or to save them from the influence of water and air, as, for instance, in

the manufacture of leather, shoes, and boots, leather and hemp bags, cordage,
&c. A solution of gutta-percha in chloroform is more serviceable in curing
wounds than collodion, which it will undoubtedly replace also in photography.

Within this narrow sphere the caoutchouc industry but a few years ago
moved. The discovery of the remarkable relation of this substance to sulphur
finally removed all defects from the articles obtained by its manufacture. The
English manufacturer, Hancock, early discovered that the hardened vegetable
juice enters into a chemical combination with sulphur, which greatly alters the
property of the former, and makes it entirely indiflFerent to the influences of the
temperature. Under all circumstances the principal property, elasticity, re-
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mains unchanged. Sulphurized, or, as it is called, vulcanized caoutchouc be-

comes neithtn- soft nor glutinous in a tropical heat, nor hard and brittle in the

cold of a northern winter; even a temperature of 100^ and upward has no effect

on it. Solvents, too, lose all their pov/er of affecting it.

But before industry could draw considerable advantage from this circum-

stance, various experiments were required, for the discovery of the pre-

cise relation of sulphur to caoutchouc, and of the exact temperature to which

the mixture was to be subjected. The elucidation of these difficult points we
owe to the American Goodyear, through whom the caoutchouc industry has

risen to a height never dreamed of before.

According to the earlier way of proceeding, the sheets of caoutchouc were
laid in fluid sulphur, of which they absorbed from ten to fifteen per cent.

within two or three hours. This causes no alteration in the propertie.-* of the

organic substance, while at a temperature of from 135^ to 160° such an altera-

tion is brought about in a few minutes. A longer subjection to this temperature

is injurious; the manufactured article becomes less pliable'and elastic, and be-

comes hard and brittle, so that it tears off short even on a slight stretching. The
same occurs when too much sulphur is absorbed, and this is under that method
always the case, only from one to two pounds of sulphur chemically uniting

with the organic substance. The rest remains lying between the pores, and is

removed by mechanical means by alternate stretching and contraction, or rather

by cliemical substances acting as solvents, as alcoholic lye, ether, sulphide of

carbon, oil of turpentine, or benzine. The latter process must always be applied

when the vulcanized caoutchouc is brought in connexion with metals, which
the residue of sulphur not chemically united would affect injuriously.

The difficulty of observing the right measure of sulphurization is proved
by the manifold complaints about the inferiority of the manufactured articles in

the market, which by no means possess the so much vaunted excellent qualities.

It is easier to observe that precise limit under the methods of cold vulcaniza-

tion recommended by Parkes and Gerard. The caoutchouc, or the article man-
ufactured from it, is steeped in a mixture of chloride of sulphur and sulphide of

carbon, or in sulphide of potassium. But in whatever way the sulphurization is

effected, it does not take place uniformly over the whole of the mass. To
judge by its reaction with solvents, there seem to be two different compounds,
besides which there is also unaltered caoutchouc.

Although gutta-percha adapts itself to manufacturing processes more
easily than caoutchouc, it yet gains by sulphurization, becoming thereby more
elastic and insensible to changes of temperature as well as to solvents. Better

still than pure gutta-percha is a mixture of both substances.

It can be said that sulphurization has given an endless variety to the use of

those substances. Nothing could prove this more than a visit to the industrial

exhibitions of London, Munich, and Paris. At the first named, extraordinary

interest was excited by a collection of gutta-percha manufactures, prepared by
natives of India, to the exhibitor of which (W. Kerr, of Singapore) the prize

medal was awarded.
The chief representatives of this branch of industry are North America,

England, and France, and the master in it is Goodyear, whom his invention

promises to make immensely rich. Not only the manufacturers of his country
are tributary to him, on account of his patent, but also numerous firms in

France. For a time Goodyear was the lion of the whole Union. A country-

man of his, however, (Mr. Day,) contested his right to the monopoly, and this

gave rise to a gigantic lawsuit, which agitated the whole Union, the most cele-

brated lawyers, and among them the great statesman Daniel Webster, pleading

on the one side or the other.

The manufacture of India-rubber goods was everywhere very limited

before the invention of vulcanization; since 1844, however, this immensely
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important invention haa opened to the plant-juice almost all branches of

human industry. The importation of that gum and the amount of goods

manufactured from it are increasing with astonishing rapidity. Most of the

factories are in the States of New York, New Jersey, Massachusetts, Rhode

Island, and Onnnccticut. Thousands of people find there employment and

o-ain. The work is chiefly done by boys and girls, but adult men, and even

artists, are variously employed. One of the most important articles is springs

for raiiroad cars, the patented monopoly for which, in the Union, belongs to the

" New England Car Spring Company," which yearly works up about 400,000

pounds of the raw material. For some other articles its consumption is equally

immense. Thus several million pairs of India-rubber shoes are yearly manufac-

tured in the United States, the " Hayward Company" producing daily several

thousand pairs. Some of the finest shoes, such as would preserve their gloss

after the longest sea-voyage, are manufactured by "Hartshorn & Co.," in

Providence.

And yet the working up of this peculiar product of natureas still in its infancy;

every day discloses new ways of using it. Already attempts are^ being

made to coat the submarine telegraph wires with India-rubber, and this sub-

stance is also to be used for nautical charts, instead of paper. As it can be

rolled into sheets of the greatest thinness, it seems to be destined to replace

paper in various respects. Ma[)S, globes, &c., are already prepared from it. An
extraneous circumstance will promote this development. It is already regarded

as a fact that the consumption of paper is now out of proportion to the produc-

tion of the raw material necessary for it, to wit, rags. All efforts to check the

increase of this disproportion, throui^h the use of other raw materials, have as

yet produced but an incomplete—by no means effective—result. This is par-

ticularly noticeable in the North American Union, which, as of so many other

things, can boast of a grand journalistic and other literary productiveness, and

vainly looks for raw materials in the European market for its immense paper con-

sumption. The remedy will not be long sought for ; the indications are already

given. Bleached gutta-percha, especially, is better adapted for lithographic

printing than the finest Chinese paper; it yields really admirable copies. By
wetting it with a solution of gutta-percha in sulphuretted carbon, printing paper

can most easily be transformed into writing paper.

A peculiar branch of this new industry is the now immense production of

toys for children. However sad a part the German may play in his own house,

and however grievous the offence this subjects him to on the part of proud na-

tions, the honor of being the teacher of mankind remains to him intact. Ger-

man scientific industry labors for the benefit of the whole universe. Thus
Nuremburg can boast of having been for centuries the privileged teacher of the

children of all nations and races ; its toys contributing to develop the first ideas

in the children's world. But this privilege is now contested by the industry

of the United States. Instead of the harmless dogs and cats imported from

Nuremberg, babies receive there as toys India-rubber eagles, horses, lions, and
leopards, destined to rouse their power of observation. The importation of

Gei-man toys has suffered by it, but the industrial products of Nuremberg, or

what goes by that name, will not easily yield the ground. At the Paris ex-

hibition we saw a host of those North American toys, but these were deficient

in neatness and taste ; they entirely lacked the gracefulness of the Nuremburg,
and especially of the Wurtembergian mauufiictures, which at the Munich Exhibi-

tion so vividly brought back to our mind all the charms of our half-forgotten

childhood. Already at the London Exhibition the new American articles of

India-rubber manufacture becaraeobjects of general attention. Charles Goodyear,
of New Haven, Connecticut, and Charles Mackintosh & Co., the two principal

representatives of the cauotchouc industry in America and England, were the
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only receivers of the great council medal, other prize medals being awarded to

two American, three English, two French, and one German firms.

The American division of the Paris Exhibition owed its principal attraction to

its numberless India-rubber articles. A new kind of vulcanized caoutchouc was
chiefly noticed—another triumph of Goodyear's inventive genius. We refer to

the so-called hard caoutchouc. When caoutchouc receives an admixture of

about a fifth of its weight in sulphur, the mixture being heated to 150° and
some asphalt being added, a mass is gained which equals marble in hardness,

and is capable of an extremely beautiful polish. The manifold applications

which this valuable invention has already found, allow us to realize the extraor-

dinary extension of which that branch of industry is capable. Hard caoutchouc

is a substitute, not only for ebony, horn, tortoise-shell, ivory, and whale-bone,

but also for iron, which so easily rusts in damp air.

People gazed there with admiration at handles of knives, and rifle stocks,

adorned with the finest and most artistic reliefs, at opera-glasses, and a thousand
other optical instruments, or articles of cabinet ware, which were formerly man-
ufactured of ebony or buffalo's horn. There were also exhibited richly gilt pieces

of furniture, wrought entirely of this new material, as well as articles of vertu

set with genuine pearls, and various utensils ornamented with Chinese paintings.

We observed further musical instruments, such as violins, clarionets, and trum-
pets. Whenever we visited the exhibition we could not refrain from admiring
the exercises executed oh one of those trumpets, shortly before the close, which
was indicated by the ringing of all the bells contained in the building. To
make the contents of the whole collection more complete, we must add candela-

bras, an electric machine, very flexible whips and canes, surgical instruments

of every kind, powder-horns, various seals, printing type, spools, shuttles,

slates. Large sheets of hard caoutchouc, destined for the plating of ships,

attracted particular attention. The low price, the slight weight, and the inde-

structibility of this new material will soon entirely supersede the now usual
copper plating. At Havre and New York the new method of coating vessels

has already been tried in the dock-yards of most prominent ship-builders.

Ships have sailed from both ports for long voyages, and nobody doubts that on
their return the theory will be confirmed by experience. At Plymouth, England,
on the proposition of Mr. Forster, of the royal navy, the outsides of plank are

coated with gutta-percha.

Neither was the art of printing forgotten in this rich collection A thick
quarto volume contained the history of that branch of industry on which we here
comment. The leaves challenged destruction by water, being made of vulcan-
ized caoutchouc, as the elegant binding was of the kind designated as vulcanite.

It is greatly to be regretted that this invention Avas made at so late a period

;

made earlier, it might have saved us many treasures of antiquity. The deluge
itself would have been powerless to destroy such written monuments.
Of the articles of vulcanized caoutchouc contained in the American division

we must chiefly mention, besides toys already alluded to, maps, a great variety
of water-proof articles of dress, water-proof military tents, and very carefully

worked pontoons.

Young as this branch of industry is, it has already achieved wonders. Not
content with alleviating the sufferings of man, gladdening the heart of children,

and saving from floods the manuscripts of authors in the archives of nations,

it continually seeks new paths for its progress. Side by side with the neatest
little shoes that would have graced the feet of a Chinese lady, there could
he seen gigantic boots, reminding one of seven-miles boots of the fairy tales,

as well as specimens for the most varied deformities of the human foot. A
certain kind of shoes and boots at first observation appeared a perfect riddle,

but their distinctive feature was explained to consist in ventilating appliances.

The manufacture of hard caoutchouc is also extensive in France, owing
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cliiefly to tlie enterprising spirit of Charles Morej, who, having bought of

Goodyear the exclusive privilege of the use of his invention for iifteen years,

has shared it with many others willing to pay for it. Thus the French-Ameri-

can Company, which owns a large factory at Beaumont, in the department of

Seine ct Oise, possesses the exclusive right of manufacturing combs, for which

production the first class medal of the French exhibition was awarded to it.

The French company, which has factories at Lille and St. Dennis, has the ex-

clusive right of manufacturing handles of knives and other cutlery, while the

Goodyear company has alone the right of preparing all kinds of hard caoutchouc

substitutes for whalebone in its various applications. Other privileges are

similarly distributed. Charles Morey himself lately founded a factory at Meiz,

which produces a numberless variety of articles of caoutchouc, as well as gutta-

percha.

The chaotic variety of articles manufactured in France of common or vulcan-

ized caoutchouc and gutta-percha is almost bewildering. Elastic textures of

every description, (silk, linen, cotton,) elastic stockings for persons suflering with

the gout, gaiters, garters, suspenders, drawers; elastic bands, cords, belts,

telegraph wires ; aprons, window shades, carpets, gloves ; stopples, bungs, diving

apparatus, life-boats, bathing tubs; mattresses, pillows, tents; numberless articles

for hunters, fishers, travellers, and photographers; utensils for the preservation

of acids, bottles of every kind, cases, balloons, doll-heads, spinning cards, hurdles,

troughs, pumps, umbrellas; these, and a thousand other objects, were shown at

the Paris exhibition in the most charming disorder.
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The gun-cotton manufactured according to Major General Freiher von
Leuk's metliod at Hirtenberg, near Wiener Neustadt, has, in consequence of

special previous experiments, been used by the Genie corps for mining pur-

poses, and notwithstanding the fact that there are still numerous difficulties in

the way of its use for gun charges, it is also used by the Royal Imperial Ar-
tillery for hollow projectiles.

The first-mentioned use led the Genie committee, to which I belong, to-

cause experiments to be made which are calculated to give greater insight into

the chemical deportment of this substance. Among these is the attempt to

ascertain the products of combustion of the gun-cott-on produced in Hirten-
berg ; and in the course of the investigation it seemed advisable to extend the
method I used to gunpowder.

I. ANALYSlI OF THE PRODUCTS OF COMBUSTION OF GUN-COTTON.

The rapid deflagration of gun-cotton, and its necessary accompaniment, the

bursting action, prevented me from using in the analysis of the products of

combustion the excellent method which Professor Bunsent devised for obtain-

ing the combustion products of gunpowder for the purpose of analysis. It

was necessary to efiect the combustion in i-acuo, and for this purpose I used a
eudiometre about a metre in length, in whicli, instead of two wires, as in the

ordinary eudiometre, a single very thin platinum wire was drawn across. To
this from 15 to 20 milligrammes of gun-cotton were affixed, the tube filled

with mercury, and the Torricellian vacuum produced in the usual manner.
By means of a galvanic battery the wire could be ignited, and hence the gun-
cotton exploded; thereupon all eudiometrical operations were carried out in

the tube in the usual manner after a preliminary experiment had shown that

* Translated from Poggendorff's Annalen, April, 1863, b^ Dr. Atkinson, Royal Military
College, Sandhurst.

tPhU. Mag., vol. XV, p 489.
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the gas produced in this manner cousiste^l of nitrogen, binoside of nitrogen,

carbonic acid, carbonic oxide, marsh gas, and aqueous vapor.

Volume. Pressure. Temp. Vol. at 0°

and 1 m.

Original volume
In the steam bath

After absorption of NO-*

.

After absorption of CO-.
After addition of air

After addition of oxygen
After explosion

After absorption of CO-".

After addition of H
After explosion

374. 53
415. 83
3til. 80
328. U6
4.-il.25

497. 56
466. 21
430. 57
477.25
443. 33

1156
1768
1078
0850
2372
2510
2212
1855
2301
1983

12
95
11.2
10.5
12.3
12.5
11.2
10.4
1J.7
12.6

42.37
54. m
37.47
26. 85

1U9. 26
119.41
99. 07

76. 97
105. 29
84.08

The quantity of NO^ and CO^ is obtained from the absorptions, the quantity

of water from the increase in volume in the steam-bath ; the quantity of nitro-

gen is obtained from the volume 7G.97, which remains after removing the car-

bonic acid resulting from the combustible gases, by subtracting the uncombined

oxygen and the nitrogen contained in the atmospheric air added; while the

combustible gases are calculated from the formulte in Buusen's gasometric

method,

Carbc::ic oxide =Pi o
—

"

Af 1
' 2P2—

P

Marsh gas =
o

Hydrogen = P— Pi

in which P is the quantity of combustible gases, Pi the carbonic acid produced

in combustion, P2 the oxygen used in combustion.

Hence the gases from gun-cotton contain in 100 parts

—

Carbonic oxide
Carbonic acid

Marsh gas
Binoxide of nitrogen

Nitrogen
Carbon
Aqueous vapor

By volume. 1 By weight.

28. 55
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binoxide of nitrogen diminifjhes as the pressure increases. Hence the deoxida-

tion of nitrogen-compounds during the combustion takes phice the more com-

pletely the greater the work which the gun-cotton has to perform during its

combustion.

This circumstance suggested to me the idea of exposing the gun-cotton

during its combustion to a determinate resistance, and regulated so that it just

gives way at the moment the gun-cotton is completely burnt away. This

condition led me to the experiment of placing a vessel tilled with gun-cotton

which offered the necessary resistance, in a 60-pr. mortar, which was then ex-

hausted and the gun-cott?on exploded by galvanism.
^

The resistance of the explosion vessels must be so chosen that the gas in

the mortar, after explosion, has an excess of pressure of half an atmosphere,

in order that it may subsequently be transferred to the measuring vessels.

The explosion vessels which I used were made according to the directions

of the late Lieutenant. Colonel Ebner, and consisted of hollow cast-iron cylin-

ders closed at one end, while at the other was a nut through which the ar-

rangement for a galvanic explosion passes. For this purpose the nut is pro-

vided with an excavation in which is a thin platinum wire fastened on the one

hand to the insulated copper wire, and on the other to the copper wire which
passes directly through the nut. Outside the cover the wires are bent into

knots, which, as previously mentioned, serve to support tlie cylinders and to

complete the voltaic circuit.

The weight of the gun-cotton whose gases shall fill the exhausted mortar

of 5,216 cubic centimetres contents so that there shall be the tension above

mentioned, 1 have empirically determined, and find that it is 10 grammes.
The fact that 10 grammes of cotton somewhat compressed occupy a space of

10.5 centimetres in length and 2 centimetres in diameter, determined the inter-

nal dimensions of the cylinder. The thickness of the sides of the cylinder

was also obtained from an empirical experiment, which showed that with a

thickness of 8 millimetres the cylinder just exploded with production of flame,

and that thus, in accordance with the condition stated, the gun-cotton burns

away the moment the cylinder burst. I must here mention a peculiar circum-

stance which attracted my attention in determining the thickness of the side

of the cylinder, and which serves to characterize gun-cotton. For the above
investigation I successively filled^ with gun-cotton cylinders 4, 6, and 8 milli-

metres thick in the side and exploded them in a hole. Although the cylinders

of 4 and 6 millimetres in thickness contained comparatively a larger charge,

the pieces produced were considerably larger than those of the cylinder 8 mil-

limetres in thickness. The former were often only split lengthwise, their cover

and bottom remained unchanged, while the pieces of the cylinder of 8 milli-

metres in thickness were scarcely larger than hazel-nuts.

The above bursting vessels might also probably be constructed of glass.

Very strong, thick glass tubes are taken, and at each end corks cemented in,

one of which has been provided with a galvanic conduction and the small

platinum wire. The length of the vessels and the thickness of their sides

could then be regulated by the quantity of gas and the desired resistance.

The qualitative analysis of the products of the combustion of gun-cotton

under the circumstances described gave carbonic oxide, carbonic acid, nitrogen,

marsh gas, and a trace of a sulphurous gas, (probably a bisulphide of carbon

compound,) which, from its small quantity, escaped analysis and could only be

detected by the smell. This probably arises from a small trace of sulphuric

acid adhering to the gun-cotton, which either was not removed in washing, or

by subsequent treatment with potash remained as sulphate.
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The quantitative gas analysis was made according to the following plan

:

Absorption analysis.

Volume. Pressure. Temi). Vol. at 0°

Kud 1 metro

Original volume
After absorbing CO^

114.78
84.88

0. 6242
0. 6048

19.1

20.2
G6.94
47.81

Comhustion analysis.

Original volume
Alter addition of air

After addition of oxygen
After explosion

After absorption of CO^.
After addition of H
Alter explosion

Volume.

159. 38
238. 48
293. 77
248. 1(5

181. ]2

251.(35

174. 85

Pressure.

0.3144
0.4108
0. 4436
0. 3954
0. 3504
0. 4544
0. 3389

Temp. Vol. at 0°

and 1 metre

19.8
19.4
18.7
19.1
19.

5

21.6
20.4

46. 72
87.75

121. 98
91,71
59. 19

101. 32
55.15

The quantity of carbonic acid obtained from the absorption analysis

= 19.13. The nitrogen found by knoAvn methods is 11.37 volume. The
combustible gases are determined by the formula already mentioned iu the

case of the analysis in the Torricellian vacuum, as

oyj p
Carbonic oxide =Pi ^^^ =26.01

op p
Marsh gas =

—

%- = 6.51
O

Hydrogen =P—Pi= 2.83

in which P= 35.35, Pi= 32.52, P2= 27.44. The gun-cotton used in the
analysis corresponded to the formula C^'^H^'N'^O^^, from which the water which
cannot be directly determined, as well as the eliminated charcoal, may be found.

Hence the mixture of gun-cotton gases consists of

—

By volume. By weight.

Carbonic oxide
Carbonic acid .

Marsh gas
Hydrogen
Nitrogen
Carbon
Aqueous vapor

28. 95
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As previously mentioned, the bursting vessels were filled with 10 grammes
of cotton, which, by an accurate measurement, was found to yield a quantity

of gas of 5,740 cubic centimetres at O'^ and i metre pressure. The contents

of the mortar at 1G° and 0.7382 metre pressure amounts to 5,292 cubic centi-

metres ; the quantity of gas issuing at this pressure amounted to 2,939 cubic

centimetres; hence 10 grammes gun-cotton yielded 8,231 cubic centimetres at

16° and 0.7382 metre pressure. If the quantity of gas is calculated from the

results of the analysis it is found that 10 grammes of gun-cotton yield 5,764.2

of gases, which suiHciently agrees with the quantity actually found.

Comparing the results of the above described analysis with those of the

analysis in the Torricellian vacuum, it is found

—

(1.) That the gases in both cases are combustible from the large quantity

of carbonic oxide they contain.

(2.) That the gases produced in vacuo contain a considerable quantity of

binoxide of nitrogen, while by burning gun-cotton under appropriate resist-

ance, the nitrogen compounds are deoxidized in favor of the carbon in marsh

gas and of the liydrogen, by which an increase in the carbonic oxide, carbonic

acid, water, and a separation of free hydrogen, are caused. Hence it follows

that the red gun-cotton vapors can never occur if the entire gun-cotton is burnt

away at the moment in wliich it begins to overcome the resistance ofi'ered to it.

These facts have a practical application in the use of gun-cotton to mining-

purposes.

II.—ANALYSIS OP THE PRODUCTS OP COMBUSTION 0F GUNPOWDER.

After finding that the combustion of gun-cotton under circumstances re-

sembliug those which occur in mines is of decisive influence on the products

evolved, it appeared desirable to investigate the combustion of gunpowder
under similar circumstances. Unfortunately, since my investigations had a

specifically military object, I could only analyze the Austrian small-arms and
ordnance powder ; hence only a superficial comparison can be instituted with

the results which Professor liunsen obtained with freely burning sporting

powder.
The combustion of the gunpowder was effected in the exhaused mortar in

the same way as the combustion of the gun-cotton, with the exception that, on
account of the smaller action of the powder, and in order to obtain as large a
quantity of gas, the exploding vessels had to be larger, but Avith thinner sides

than those in which the gun-cotton was exploded. The excavation in the

cores was filled with meal powder.
The composition of the two kinds of powder used for investigation are ob-

tained from the following analysis :

Ordncmce jwicder.—4.5487 grammes gave 3.3562 grammes saltpetre and
1 1923 gramme of a residue insoluble in water. Bisulphide of carbon dis-

solved 0.5823 sulphur. The remainder was charcoal.

Small-arms powder.—8.8653 grammes contained 6.8408 saltpetre ; the resi-

due of 2.0245 grammes contained 0.765 gramme sulphur, and there remained
1.2595 gramme of charcoal. The organic analysis of the charcoal, carefully

freed from sulphur, gave

—

For ordnance powder.

Carbon 81.200
Hydrogen 2.865
Oxygen • 13.599
Ash '.

.

.

2.336

100.000

15 S
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For small-arms powder.

Carbon 82.90

Hydrogen
'f-'^''

Oxygen -^ •

Ash ^•^'

100.00

Hence tlie percentage composition of both these kinds of powder is as

follows :

Ordnartce powder.

Nitrate of potash 73.78

Sulphur 12.80

C Carbon 10.88

^, , ] Hydrogen 0.38
Charcoal ..^^^^.g^° 1.82

[Ash 0.31

100.00

Small-arms powder.

Nitrate of potash 77.15

Sulphur 8.63

C Carbon 11.78

^, , J Hydrogen 0.42
Charcoal..

<^(3^yg^^ 179
[Ash 0.28

100.00

The composition of the powder analyzed by Bunsen and Schischkoff was

—

Nitrate of Potash 78.99

Sulphur 9.84

{ Carbon 7.69

Charcoal J
Hydrogen 0.41

<^tiarcoai .
. < Q^^.gg^ 3.O7

Ash 0.00

100.00

For the qualitative analysis of the products of combustion, two cylinders were
filled with the two kinds of powder, made air-tight, and successively exploded ia

the mortar in the manner described.

For both kinds there were found in the solid residue: (1) sulphate of potash,

(2) carbonate of potash, (3) hyposulphite of potash, (4) sesqui-cai'bonate of

ammonia, (5) sulphur, (6) charcoal, (7) sulphide of potassium. The latter,

in the case of the small-arras powder, was only formed in very small quantities.

The gaseous products of combustion were: (1) nitrogen, (2) carbonic acid, (3)

carbonic oxide, (4) hydrogen, (5) sulphuretted hydrogen, (6) marsh gas, and
a very small quantity of a bisulphide of carbon compound, which was distinctly

recognized by its odor as being that produced in the gases from gun-cotton.

The whole mixture is colorless, and contains no fume or vapor.
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(a) Ordnance powder.—For the quantitative determination of the products

of combustion 36.8366 grammes were used.

The gas passed into three absorption tubes amounted to 75.3 cubic centimetres;

the gas issuing from the mortar until the rest was under the atmospheric pres-

sure amounted to 5480,7 cubic centimetres at 16° C. and 0.749 metre pressure

;

under these circumstances the mortar holds 5216 cubic centimetres; hence the

above quantity yielded 7621.96 cubic centimetres gas at 0° and 1 metre pressure.

The absorption analysis produced

—

Volume. Pressure. Temp.
Vol. at 0°

and 1 metre
pressuie.

Original volume
After absorption of CO^ and HS

.

90.72
53. 71

0. 6028
0. 5705

16.2
14.3

51.63
29. 12

From tte estimation of the potash bulb with iodine solution, it followed that

the sulphuretted hydrogen corresponded to 0.44 division. Hence the above gas

consisted of 0.44 vol. sulphuretted hydrogen, 22.07 carbonic acid, and of 29.12

nitrogen and combustible gases.

The explosion analysis of the gas freed from sulphuretted hydrogen and car-

bonic acid and transferred to the eudiometer was as follows

:

Volume. Pressure. Temp.
Vol. at O'J

and 1 metre
pressure.

Original volume
After addiiion of air

After addition of oxygen
After explosion
After absorption of CO^.
After addition of H
After explosion

113.26
183. 36
204. 32
185. 62
167.90
224. 67
166.38

0. 2729
0. 3494
0. 4295
0. 3522
0. 3476
0. 4068
0. 3355

15.6
16.8
16.4
1.5.4

15.1
16.2
15.7

60.36
71.79
61.89
55,31
86. 30
52. 79

By applying the formulae of the gasometric methods already mentioned in

the analysis of gun-cotton, since the gases are qualitatively the same, the values

are obtained, for carbonic oxide=5.21, hydrogen= 3.03, marsh gas= 1.38,

and nitrogen= 19.18.

Hence the total gas calculated for 100 parts consisted of

—

Vols.

Carbonic acid 42.74

Sulphuretted hydrogen 0.86

Carbonic oxide 10.19

Marsh gas 2.70

Hydrogen 5.93

Nitrogen 37.58

100.00

The determination of the solid residue in the mortar was effected, after remov-

ing the gases, by digestion with water, which was drawn off through a tap in

the bottom and rapidly filtered.
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The results of the analyses were as follows :

—

1. Sulphide of fotassium.—The entire filtered liquid was digested in three

laro-e boilino- flasks with well-ignited oxide of copper, thereupon filtered, and

the residue dissolved in fuming nitric acid. Treated with nitrate of baryta,

it gave 0.1015 grammes of sulphate of baryta, which corresponds to 0.0478

grammes sulphide of potassium in the residue of 36.8366 grammes powder.

The hquid filtered from the oxide of copper was made up to 6 litres for the

sake of further investigation.

2. Carbonic acid.—A litre of this liquid gave with nitrate of silver a pre-

cipitate of carbonate and sulphide of silver. Treated with ammonia, the car-

bonate dissolved, and was separated from sulphide by a weighed filter, and pre-

cipitated in the filtrate as chloride of silver by means of hydrochloric acid. Its

weio-ht amounted to 3.0475 grammes, which corresponds to 0.4687 grammes

combined carbonic acid ; hence in the entire residue there were 2.8126 grammes

combined carbonic acid.

As a control, the carbonic acid was determined by chloride of manganese by
mixinc a litre of the liquid with a solution of this salt which had been previously

fused; a precipitate of carbonate of manganese was obtained, the carbonic acid

of which, determined in the usual manner, corresponded to 2.8337 grammes

in the entire residue.

3. Hyposulpliite of potash.—The sulphide of silver (2) weighed on the tared

filter, when dried at 120°, 0.2201 grammes, which corresponds to 0.1733

grammes hyposulphite of potash; hence the entire residue contained 1 0400

grammes hyposulphite of potash.

A determination of the hyposulphite was also made by metrical analy-

sis. A litre of the solution was acidulated with acetic acid, mixed Avith

starch, and determined by means of a standard solution of iodine. A litre

required 22.57 cubic centimetres iodine solution ; hence, according to the formula

s= a -^ = t, in which t= 22.51, a— 0.000517; this litre contained

0.1746 grammes hyposulphite of potash, and the entire residue 1.0476 grammes
of this salt.

4. Sesquicarhonafe of ammonia.—According to Bunsen's method, a litre of

the liquid was boiled with caustic potash, the distillate passed into a solution of

hydrochloric acid of known strength, and the hydrochloric acid which had not

been changed to chloride of ammonium determined with a standard ammonia
solution. 1 found a =0.04853, the quantity of hydrochloric acid taken

;

^=19.87, the number of divisions of an ammoniacal liquid which would have
saturated a v»lum.e of hydrochloric acid equal to that taken with i;'= 41.30

divisions of the burette. U smg the iormula x= ^TfTTf
!— -^ , I found

21101 V

in the ^ litre the sesqtiicarbonate of ammonia to be 0.041275 gramme; hence
0.9908 gramme corresponds to the entire quantity of sesquicarbonate of ammonia.

5. Carhonate of 'patash.—Subtracting the carbonic acid in the sesquicarbon-

ate of ammonia := 0.5541 gramme from the total quantity found (2),= 2.8337
grammes, there remains a quantity corresponding to the carbonate of potash
= 2.2796 grammes. Hence the entire residue contains 7.1498 grammes car-

bonate of potash.

6. SulpJiaU of jiotasli.—A litre of the liquid mixed with chloride of barium
gave 3.0244 grammes sulphate of baryta, which corresponds to 2.2683 grammes

V sulphate of potash for one litre of liquid, and 13.6100 grammes for the whole
residue.

7. PotasJi.—To determine the entire quantity of potash contained in the
various salts, a litre of the liquid- was carefully evaporated to dryness with sul-

phuric acid aaid ignited in a platinum vessel. 3.8466 grammes of sulphate of
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potasli were tliU'S obtained, correspondiug to 2.07S6 grammes of potash. Hence
100 grammes of ordnance powder contain 33.85 grammes of potash, Avhieh

agrees closely Avith the result of the direct analysis of the powder. After lind-

ing, by direct observation, that 36.8366 grammes of the powder famished
7621.9 cubic centimetres of gas, the composition of the products of combustion
of this powder may be stated as follows :

—

Sulphate of potash 13.61

Carbonate of potash 7.14

Hyposulphite of potash 1.04

Sulphide of potassium 0.04

Charcoal 0.94
Sulphur 1.73

Sesquicarbonate of ammonia 0.99

Nitrogen 3.60

Carbonic acid 6.40
Carbonic oxide 0.97

Hydrogen 0.04

Sulphuretted hydrogen 0.10

Marsh gas 0.15

Loss 0.07

36.82

in which sulphur and charcoal are calculated from the deficiency.

(h) Small-arms poivder.— 3i.l53 grammes were used for the combustion.

The quantity of the gaseous products was obtained from the follov.'ing gaso-

metric experiments

:

Absorption anal>/sis.
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The explosion analysis with the transferred gas gave—

Original volume
Atter addition of air

After addition of oxygen

.

After explosion

After absorption of CO^.
After addition of H
After explosion

Volume.

120. 12

198. .51

230. 33
201.14
189.46
201. 02
174. 20

Pressure.

0. 3432
0. 4263
0. 4478
0. 4323
0. 4276
0.4817
0. 4130

Vol. at QO

Temp, and 1 metre
pressure.

20.4
20.3
20.5
19.6
21.0
21.2
18.3

38.36
78.77
95. 89
81. 47
75.23
116.66
67.43

If the formulsB previously used be applied, we get

—

Carbonic acid •

Hydrogen
Marsh gas

Nitrogen

Hence the small-arms powder contains in 100 volumes-

Carbonic acid

Sulphuretted hydrogen

Carbonic oxide •

Marsh gas

Hydrogen
]!\itroo:en

3.95

5.24

2.29

26.88

48.90

0.G7

5.18

3.02

6.90

35.33

100.00

The solid residue in the mortar was treated with hot water and the liquid

filtered. No sulphide of potassium was found to be present. The analysis

was executed in the same manner as with the ordnance powder.

From the results of this analysis and from those of the gas analysis, direct

measurement having shown that 34.153 grammes of ordnance powder give

7,738 cubic centimetres of gas, the following scheme for the products of com-

bustion of the ordnance powder may be given :

Sulphate of potash 12.354

Carbonate of potash 7.096

Hyposulphite of potash 0.605

Charcoal 0.887

Sulphur 0.397

Sesquicarbonate of ammonia 0.908

Nitrogen 3.432

Carbonic acid 7.442

Carbonic oxide 0.504

Hydrogen 0.047

Sulphuretted hydrogen 0.079

Marsh gas 167

Loss 0.235

34.153
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The results hitherto obtained for the products of combustion of both kinds
of powder may now be compared with each other, and also with those obtained
by Bunseu and Schischkoff in the analysis of sporting powder:

I.

—

Composition.
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more surprising. Where tlie reducing body preponderates, the combustion of

the carbon is more imperfect. Whereas the gases of sporting po\fder only con-

tain three per cent, of carbonic oxide, the gas from ordnance powder contains

nearly ten per cent. The quantity of hydrogen and of marsh gas increase in

the same di.ection, so that the ordnance powder gas contains nearly twenty per

cent, of combustible gases. Hence it is not surprising that the gases of ordnance

powder, as wt 11 as those of gun-cotton, may be ignited, as direct experiment

showed, by a glimmering piece of wood.

There might apparently be no difficulty, from the results of these analyses,

in. arriving at a right composition of powder; yet in this respect practice pre-

fers its own empirical path. But in any case the results obtained serve as an

additional proof of the inaccuracy of the view which prevails in many chemical

text-books and in almost all artillery institutions—that powder must decompose,

in burning, into sulphide of potassium, carbonic acid, and nitrogen. If practice

has no other reason for the composition of powder than the possibility that

these products may occur, it is certainly allowable to attempt to prove experi-

mentaJly that the products of combustion, even under the circumstances which

prevail in practice, can never be formed alone, and that, indeed, one of them

—

sulphide of potassium—in many cases is not formed at all.

DR. CRAIG'S REMARKS.

It will be seen from the foregoing that Lieutenant von Karolyi burnt gun-

cotton under two conditions, and determined for each the composition of the

resultant gases. In the one case he ignited a small quantity by means of a
voltaic current in an eiidiometre which had been exhausted of air by the

Torricellian method, and in which, consequently, the cotton burned under very
small pressure. In the other, an iron cylinder was tilled with gun-cotton,

placed in an exhausted vessel, and ignited in a similar manner, so that the

combustion went on under pressure until the enclosing tube was broken.
This increase of pressure was found to give rise to a modification in the com-
position of the resultant gases ; and, for purposes of comparison, the results

in the two cases may be expressed in chemical symbols, with numbers affixed,

which give with sufficient accuracy the relative amounts in volume.

Gas produced.
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are generated tbey cool so that tliiMr mutual action is prevented. The amount
of reaction between tlie lirst products of decomposition will depend on their

temperature and on the time during which they are maintained at that tem-
perature.

The experiment of bxirsting a loaded shell cannot be said to present the

same circumstances as those which prevail when the explosive mfiterial is used
in a fire-arm; for, in the first place, that part of the charge which burns after

the rupture of the shell and the consequent expansion of the contained gases
does not burn under pressure; and, in the second place, the products even of

that portion of the combustion which antecedes the rupture of the shell are

not kept together at a high temperature as long as they are in the barrel of a
gun. If the cjdinder used by Lieutenant von Karolyi had been of such
strength as to resist bursting, and the gases have been allowed to escape iuto

the exhausted vessel through a small vent, the circumstances would have been
more nearly approximated to those wliich occur in practice with fire-arms.

For the purpose of determining what is actually produced in the case of the

firing of a gun, the most satisfactory plan would seem to be to screw the muz-
zles of a number of loaded musket barrels into a suificiently strong and air-

tight vessel, and, their vents being securely closed and the whole apparatus
exhausted by the air-pump, to fire them in succession by the galvanic current,

and then examine the products according to the method followed by Lieutenant
von Karolyi.

In the barrel of a gun, especially when loaded with a heavy projectile, the

products of combustion remain under pressure and at a high temperatur-^ f >r a
comparatively long time, and the products of the explosion of Lieutenant von
Karolyi's cylinders are such that, under these conaitions, we would expect
them to decompose each other. Thus in the case of gunpowder, sulphate of

potash was produced, together with unconsumed charcoal, sulphur, and various

combustible gases. Now we know that sulphate of potash, kept at a red heat
in contact with such reducing agents, will part Avith its oxygen, and be con-
verted into the sulphide.

Lieutenant von Karolyi finds mere traces of the sulphide of potassium
among his products, but, on the other hand, the residue left in the barrel of a
fire-arm after its dischaTge is found to consist mainly of this salt. This cir-

cumstance does not show conclusively that sulphide of potassium is the chief

solid product of the explosion, for it may have a special tendency to accumu-
late on the walls of the gun, being deposited on the cold metal from a state of
vaj)or ; but the amount of its deposition makes it probable that it constitutes

no inconsiderable proportion of the products of combustion.

Some years ago Captain Rodman made certain experiments, in the course
of which he exploded gunpowder in shells of great strength, which had in

them small vents through which the resultant gases could make their escape
;

this escape, however, requiring a measurable length of time. I obtained, by
the kindness of Captain Rodman, some of the solid residue left in the shell

after these explosions ; but, when it reached me, it was in a moist and deli-

quesced condition, and had apparently suffered decomposition by exposure to

the atmosphere. When acted upon by dilute hydrochloric acid it evolved a
large amount of carbonic acid gas, and when treated with distilled water and
the liquor filtered, small precipitates only were produced by acid solutions of
chloride of copper and of chloride of barium, so that but little sulphur was
present either as sulphide or as sulphate. The only way in which I could
account for such a condition of things was by supposing that the mass had
originally contained sulphur in combination as sulphide of potassium, and that
this, by the action of the moisture and carbonic acid of the atmosphere, had
been transformed into carbonate.
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In comparing the results of the combustion of gun-cotton in a vacuum with

those produced by the explosion of an iron cylinder filled with it, it will be per-

ceived that the change from one series of products to the other involves an

increase in the volume of the evolved gases—an eflfect due chiefly, but not

wholly, to the heat produced by the chemical reaction between the nitric oxide

generated by the first act of combustion and the carburetted hydrogen present.

When gun-cotton, therefore, burns in a sufficiently strong and well-filled ves-

sel, it is resolved into gaseous products which immediately react on each other

with an increase in the temperature and tension of their mass, and on the sud-

denness of this reaction is probably due some part of the great percussive force

developed by the explosion of gun-cotton in strong vessels.

I believe that no determination has been made of the amount of heat evolved

by the explosion of gun-cotton.

The sums of the heat, and of the mechanical effects representing heat, pro-

duced by equal weights of gun-cotton and of gunpowder would not be very

different if assumed to be proportional to the amounts of oxygen concerned in

the chemical reactions in each case, but the greater volume of the gases evolved

from gun-cotton makes their actual temperature less and their mechanical effect

greater.*

The much greater heating effect, however, which gTinpowder exerts upon the

gun from which it is fired is to be attributed not only to the higher temperatui^

and greater density of the products of explosion, but to the circumstance that

in the case of gunpowder sulphide of potassium is deposited on the walls of the

gun, probably from a state of vapor, imparting to the cold metal both its free

heat and its heat of condensation, the action being analogous to that of steam,

which, in condensing on a cold body, heats it much more rapidly than a cur-

rent of a non-condensible gas of the same temperature could have done.

B. r. CRAIG.

* It may be here remarked that the comparative mechanical energy developed in fire-arms

by gunpowder and by gun-cotton is to be estimated not by the amount of motion impaited
to the projectile, but by that imparted to the gun.
These two are dilierent things, and the latter must always be greater than the former by

an amount equal to the ris viva with which the products of decomposition of the projecting

agent are expelled from the gun, and this vis viva must, of course, vary with the weight of
the explosive material.

This consideration makes it evident why, when a lesser weight of gun-cotton is substi-

tuted for a greater weight of gunpowder, the recoil of the gun is less, while the velocity of

the shot may be unchanged. B. F. C.
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In order to determine the quantity of carbonic acid and water secreted by
the skin and lungs, various methods have been proposed. The methods of

Scharling, Viei'ordt, Valentin and Brunner, Regnault and Reiset, Smith and
others, with their results, are sufficiently known to every physiologist and
chemist. What has been justly objected to all methods hitherto applied to

men and the larger animals has been in reference essentially to two considera-

tions : first, that the degree of accuracy of the methods had not been ascer-

tained by test-experiments with known quantities of carbonic acid ; and second,

that men and animals had been forced to respire under conditions more or less

unusual or oppressive, and hence not natural. I have, therefore, for years been
Wicupied with the thought of some method for determining with sufficient pre-

cision the quantity of carbonic acid which a man develops when moving and
breathing freely without the interposition of any apparatus whatever. The
investigations of Bischoff and Voit in regard to the nourishment of carnivorous

animals have shown that the carbonic acid passing off through the skin and
lungs cannot be with certainty calculated from the difference between the car-

bon taken in with the food and that eliminated in the urine and excrement,

taking into account also the weight of the body, because two unknown things,

carbonic acid and water, escape at the same time and in varying proportions,

through the skin and lungs. Since, then, there was a necessity for determin-

ing directly one at least of the two quantities, I resumed the attempt at a solu-

tion of the problem. I soon peiceived that success was attainable only by
directing over the human body a current of air of measured and constant

force, and then determining the accession of carbonic acid and water to this

current of air. It very soon struck me that something like a parlor stove

might be adopted as a model. As long as the chimney draws, no smoke
escapes at the joints or door of the stove, but the outside air presses from all

directions into the stove in order to reach the chimney. If an exact measure-
ment, in the pipe which conducts the smoke from the stove to the chimney, of

the amount of air which moves in it is possible ; if, further, the composition

of the air which enters the stove and passes from it can be ascertained from a
portion of it, then all the factors are obtp,ined which are needed in order to

determine what admixture the air-current receives from the process of combus-
tion in the stove. In the plan which I devised the stove is represented by a
small chamber of sheet-iron, which I shall call the saloon, placed within a
lai-ger apartment ; the former being eight Bavarian feet in extent each way,
with light admitted from the top and through windows on the sides. The
windows should be cemented and the walls and ceiling riveted as nearly as
possible air-tight. The door has movable openings, in order, when necessary,

to render the admission of air practicable at other points than the joints of tho
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door. On the side opposite to the door, two openings, one below and the other

above, lead through two conducting pipes outside the small chamber into a

single and larger pipe, through which the air flows towards that portion of the

apparatus which performs the functions of a draught-chimney. This portion,

which may be placed in another apartment of the house than that in which
the iron-chamber stands, consists of two suction-cylinders with hinge-valves,

which may be equally moved by a strong clock-work, with any desired force,

by means of a small steam apparatus. The falling weight of the clock-work

is at each moment wound up again as fast as it descends. In this way a con-

stant current of air through the door of the iron-chamber to the suction-pumps

can be maintained. The air cannot, however, reach the suction-pumps without

passing through a measuring apparatus which is in constant operation. For
this purpose 1 have chosen a gas-clock, or stationary gas-meter, of such dimen-

sions that 3,000 English cubic feet per hour can be accurately measured by it.

In order to examine a portion of the air which enters through the door and
other apertures of the apparatus-room and passes out of the same by the united

conductor to the gas-meter, and from the ascertained difference in the amount
of water and carbonic acid, to be able to reckon the quantity which was added
inside of the apparatus, two aspirators* are employed, which draw uniformly

each a constantly equal portion of air. The water of the air is, after the

known method, absorbed by sulphuric acid and weighed ; the carbonic acid is

ascertained by means of the air rising in small bubbles through a determinate

quantity of lime-water of known strength, and the lime-water finally is exam-
ined in rega'rd to its amount of quicklime by treatment with diluted oxalic

acid, exactly as I have described on another occasion.

In order finally to be able to test the air which remains behind in the iron-

chamber of the apparatus, a suction and force pump is placed in connexion
with the pipe which conducts the air away, by the aid of which flasks holding

six to eight litres can be filled with air, which can be tested in regard to its

amount of carbonic acid by lime-water. The same pump serves also to ascer-

tain, at suitable times during the experiment, the fluctuations of the carbonic

acid in the air current. In addition to this, there is an arrangement which per-

mits the making trials, of any number and extent, without suffering any loss

of air for the measurement of the entire current. A flask is attached air-tight

to the pump, the air of which flask is perfectly replaced by continued pumping
with air from the conductor. The air forced from the flask is not allowed to

escape, but is conducted by an India-rubber tube back again into the current

which passes on to the gas-meter to a point, of course, where the determination

of the carbonic acid cannot be affected by it ; there is, therefore, a flask of air

introduced below, and in its place a flask of air withdrawn from the apparatus.

In order that the current of air may not discharge any water by evaporation

from the large gas-meter, the air passes, before it enters the gas-meter, through
a standing cylinder filled with pieces of pumice-stone, which are to be kept
moist. Where the air passes out of the moistening apparatus a psychrometer
is ]jlaced in the pipe in order to show the temperature and moisture with which
it enters the gas-meter, and is measured. There are also in the conductor in

front of the moistening apparatus a psychrometer and several places for at-

taching tubes in order to take out aii" for experiment.
After communicating the plan which I had projected to the president of the

academy, Baron Von Liebig, and a few other associates in the same branch of

science, I applied to the technical commission of the natural sciences of the

academy. Upon a report of this commission, accompanied by accurate esti-

mates of costs, his Majesty granted out of his private purse 4,000 florins for

the construction of the apparatus. I but follow the dictates of my heart, and

* These aspirators are now replaced by two small pumps, which act both by suction and
pressm'e.
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what would be the sense of duty of all who deem the physiology of assimila-

tion important, when, on this occasion of making to tlie academy my lirst

report of the apparatus now completed and tested, 1 express my most profound

emotions of gratitude to his Majesty King Max II, of Bavaria, as the generous

protector and intelligent promoter of the sciences.

The whole apparatus was put up during the last winter. Since May I have
occupied myself with testing it in every respect, and can now declare it com-
plete and entirely satisfactory for the jDurposes proposed, wbich may be said

also of all the methods of investigation employed in using it. That upon
which the whole finally turned was the proof that the amounts of carbonic acid

developed in the saloon of the apparatus could really be found again and de-

termined with the requisite exactness, a test which in all previous respiratory

apparatus has been wanting. After I had by various experiments ascertained

all the influences which the apparatus and the methods exert upon the exact-

ness of the results, I selected some stearine candles of good quality and deter-

mined their amount of carbonic acid by elementary analysis. They yielded

an the average, after three concurring experiments, ( Verhrcnnungen,) for

which the material had always been taken from a difierent candle, to 100 parts

by weight, 291 parts by weight of carbonic acid, so that to one grain of stea-

rine may be computed 1,484 cubic centimetres of carbonic acid, the weight of a
litre of carbonic acid at 0° 0. and 760 millimetres quicksilver pressure being

reckoned at 1.9S7 grammes. If the suction-pumps of the apparatus and the

aspirators for the analysis of the air were in operation at the same time, a

weighed candle in the saloon was lighted from without and before the close

of the experiment again extinguished from without and afterwards weighed,

the carbonic acid formed by the burning of the candle must be partly in the

air which has passed through the large gas-meter and partly in that which
remains behind in the saloon. The amount of carbonic acid in the air which
goes through the gas-meter is ascertained, as already mentioned, by passing

through lime-water as long as the air flows and is measured, a constantly equal

portion (say, 100 cubic centimetres per minute) drawn without interruption

from the current which passes from the saloon to the gas-meter. The amount
of carbonic acid which remains behind in the air of the saloon is determined

in this manner : after a proper mixing of air-strata in the saloon by means of

a fan put in motion from without, two or more flasks of six to eight litres,

filled by the pump at the conductor leading ofi" from th-e saloon, are tested with

lime-water and an estimate made founded upon the known cubic measure of

the saloon. Not until after these flasks are filled should the saloon be entered

to take out and weigh the candle. As, however, the air which has passed

through the gas-meter and that which has remained behind in the saloon con-

tains not only the carbonic acid which arose from the burning of the caudle in

the saloon, but also that part which the air already contained when it entered

the saloon from without, the amount of carbonic acid contained in the entering

air must be deducted. This may be known from repeating the experiment by
which the air flowing in is drawn off and examined in exactly the same man-
ner and as nearly as possible the same quantity as that passing out. Only the

difference, therefore, of the carbonic acid within and without is reckoned, and
it is precisely this which makes the determinations exact, since all the constant

errors of the system are thereby eliminated.

It is obvious that all measured quantities of air must be reduced, as regards

tension of vapor, temperature and air-pressure, to the usual standard.

I do not venture to ask the attention of the reader to all the necessary de-

tails of the apparatus or of an experiment. I must reserve these and their

justification to a more extended discussion in the papers of the technical com-
mission, and take the liberty here only briefly to state, in addition, the results

of three quantitative experiments.
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I.

During an experiment which lasted 184 minutes, 25.210 grs. of a stearine

candle were consumed, which must generate 36.921 litres of carbonic acid.

During the time of the experiment 4.9722 litres of air passed through the gas-

meter. As the difference of the carbonic acid of this air and that entering the

apparatus from without, there results, in place of the above amount, 31.623 litres

of carbonic acid. There were still 5.922 litres of carbonic acid remaining in

the saloon, and hence there was found 0.6 litre, or 1 J per cent., as surplus.

II.

The experiment lasted 215 minutes; 33.776 grs. of stearine candle were con-

sumed, which represent 49.510 litres of carbonic acid. 58.554 litres again

passed through the gasmeter, together with 41.690 litres of carbonic acid.

8.019 litres of carbonic acid remained still in the saloon. There were, therefore,

found 0.19 litre of carbonic acid, or about 0.4 per cent, too much.

III.

The experiment lasted 188 minutes ; 27.513 grs. of stearine candle were con-

sumed, representing 40.298 litres of carbonic acid. 50.680 litres of air passed

through the gas-meter, together with 33.347 litres of carbonic acid ; in the saloon

remained still 7.328 litres of carbonic acid. There were found, therefore, 0.277

litre, or 0.6 per cent, too much.

It will be perceived that the result of the experiments agrees very nearly

with the theory ; better, indeed, than could have been expected in view of the

large dimensions of the apparatus and the great rarefaction of the carbonic acid.

The accuracy is at least fully sufficient for the purpose proposed ; and by other

experiments I have been convinced that the determination of the carbonic

acid remaining in the saloon is the main source of the slight uncertainty which

still occurs, as this cannot be drawn off with the desirable exactness. If the

carbonic acid remaining in the saloon amounts to more than one-fifth of the

quantity which is contained in the current which had passed through the gas-

meter, the uncertainty becomes very perceptible, and may amount in case of

one-third and over to even seven or eight per cent. As proof of this I adduce

still two other trials affected with this error.

(a.) The experiment lasted 157 minutes ; 21.485 grammes of stearine candlo

were consumed, answering to 31.465 litres of carbonic acid. 42.862 litres of air

passed through the gas-meter, together with 21.56 litres of carbonic acid. In

the saloon remained still 7.57 litres of carbonic acid, or 6f per cent, too much.

(b.) The experiment lasted 108 minutes; 16.129 grs. of stearine candle were

cont<umed, representing 23.621 litres of carbonic acid. 29.626 litres of air

passed through the gas-meter, together with 15.02 litres of carbonic acid. In
the saloon remained still 6.73 litres of carbonic acid. There was found, there-

fore, 8 per cent, too little.

Supported by these and still other experiments, I can with safety assume

that, in an experiment of such duration, more than four-fifths of the carbonic

acid developed passes over into the current between the saloon and the gas-

meter; no greater uncertainty than one or at most two per cent, is to be feared.

As in experiments with men and animals the time may be extended to 12 and 24
hours, the hope of attaining a still greater accuracy is not unfounded. I should

have been pleased to extend a test experiment with candles to 24 hours ; the aspira-

tors for the examination of the air, however, which are now at my disposal, per-

form their functions only five hours without interruption. A remedy will be

found for the defect within a short time in a small pump apparatus, which, in

connexion with the large suction pumps in the engine-house, will constantly
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furnish a uniform portion of the air inside and outside of the apparatus for ex-

amination, so long as the air current is in motion—that is, so long, in general, as

an experiment continues.*

In closing I take the liberty to call attention specially to the fact that the

respiratory and perspiratory apparatus in the Physiological Institute here is the

first in which a result is possible under normal conditions
;
persons can live in

it just as in a well-aired room, in which they can freely move, labor, eat and
sleep, as they had been accustomed to do. By a movable window at the door of

the saloon, food and other things can be taken in and out, without the fear of

disturbing the experiment, with just as little concern as in a room, supposing
the chimney-draught in order, one opens the door to stir the fire or remove the
ashes without the escape of smoke.
The person outside of the saloon, conducting the experiment, does not in the

least disturb the result by his respiration, &c., for the amount of carbonic acid

of the air entering the saloon is constantly controlled by one of the two exam-
ining apparatus, and can therefore be drawn ofi\ I have never hesitated to

smoke cigars during the progress of a test experiment, or to receive visitors

who also smoked, knowing that the changes of the air outside of the saloon

are to be ascertained precisely in the same Avay and with the same exactness
as those in the saloon. As only the difference is calculated, it is all the same
whether this is more or less, provided it can be determined with certainty.

In the test experiment w'th candles I have hitherto employed a change of

air of someAvhat more than eleven English cubic feet (about 314 litres) per

minute. In an hour, therefore, there entered into the saloon, which contains

somewhat more than 12,000 litres, much more than its own capacity of fresh air.

By increasing the force of the suction-pumps which are worked by the engine,

the air-chapge can be quadrupled without thereby producing the slightest sensi-

ble draught in the saloon, except in the immediate vicinity (four to six inches) of

the openings in the saloon door. Opposite to these openings the transverse sec-

tion of the saloon is so considerable, that the rapidity of the movement of the

air must become imperceptible in the saloon itself, even if it is felt immediately
at the narrow openings. Under the greatest force of the suction-pumps, which
answers to a ventilation of 3,000 English cubic feet an hour, a candle still burns
perfectly undisturbed in the middle of the saloon.

That the rapidity of the entrance of the air at the saloon door is greater than
that of its diffusion—in other words, that there is no loss of carbonic acid to

be feared from the diffusion—is established simply by noticing whether the

pungent smelling smoke generated and observed in the saloon is observable at

the cracks on the outside. After this experiment had been repeatedly made
with negative results, one might have been a 'priori, satisfied that no carbonic

acid developed in the saloon can be lost, which fact is also perfectly established

by the quantitative determinations. I am convinced that with this apparatus

all questions of animal and vegetable physiology, so far as they relate to an in-

crease or diminution of cairbonic acid and water in the air, can be solved with
exactness and under perfectly natural conditions.t

Note by the Translator.—Professor Pettenkofer handed me the above report, at my
request, when I once visited him during an experiment in the Physiological Institute, and
he then made in pencil-mark the severaJL short notes which are given in connexion with the
translation. A. T. B,

* The test experiments with candles have since been extended to twelve hours, and have
given an entirely accurate result. As already stated, the pump apparatus connected with
the propelling machinery provides, at present, for the examination of the two portions of air,

{huj'tTprohtn")

t These anticipations have all been entirely realized, since November, 1860, by experi-
ments, as well upon men as upon animals

.
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de Moscou, 1860, (2,) pp. 238-267.

(93.) Meteorologische Beobachtungen Aviihrend der Sonnenfinsterniss vom 18

Juli, 1860, zu Bordeaux. Heis, W. S., 1860, p. 262.

(94.) Krcckc.—Temperatur der Luft wahrend der Sonnenfinsterniss am 18

Juli, 1860, zu Utrecht. Heis, W. S., 1860, pp. 343, 344.

(95.) Bauflrimont, Raulin, Houcl, Roijer ef. Mice.—Eclipse solaire du 18

Juillet, 1860; observations de physique et de meteorologie t'aites a Bordeaux.

Comptcs Ilendus, li, 145-147 ; Cosmos, xvii, 153, 154.

(96.) L. Palmieri.—Osservaziouimeteorologicheemagnetiche durante I'eclisse

ultima. Cimento, xii, 145-147.

(97.) E. Dcsains.—Observations thermometriques instituees pendant I'eclipse

de soleil du 18 Juillet, 1860. Cosmos, x«ii, 118, 119.

(98.) Liorcy.—Sonnenfinsterniss am 18 Juli, 1860, beobachtet auf dera Pauls-

thurme, in Frankfurt am Main. Jahresbericht der Frankfurt Verein, 1859-'60,

p. 53.

(99.) Lindhagen.—Jagttagelser cifver solformorkelsen den 18 Juli, i Spanien.

Ofvers. af Forhandl, 1860, pp. 383-404.

(100.) A. Mullcr.—Berattelse o:m en med auslag af almiinne medcl foretragen

resa foratti det une af Spanien, obscrvera den totale solformorkelsen af den 18

Juli, 1860. Ofvers. af Forhandl, 1860, pp. 40-5-414.

(101.) A. Mailer.—Beobachtung der totalen Sonnenfinsterniss*am 18 Juli,

1860, in Lund. Astr. Nachr., liv, 96.

(102.) Bruhns.—Beobachtung der totalen Sonnenfinsterniss vom 18 Juli,

1860, in Tarazona, in Spanien. Leipz. Ber., 1860, pp. 214-232; Archiv des

Sciences Phys., (2,) xiii, 246-249; Zeitschrift fiir Naturw. xviii, 37-38.

(103.) O. Struve.—Bericht iiber die Beobachtung der totalen Sonnenfinster-

niss vom 6, (18,) Juli, 1860, zu Pobes. Bulletin der St. Petersb., i, 385-396.

(104.) Sahler.—Beobachtung der partiellen Sonnenfinsterniss vom 18 Juli,

1860, in Wihia. Astr. Nachr., liv, 21.

(105.) Von Ltittrow.—Beobachtung der partiellen Sonnenfinsterniss vom 18
Juli, 1860, in Wien. Astr. Nachr., liv, 135.

(106.) Th. r/^/<'Zc.—Solformorkelsen den 18 Juli, 1860, observeret i Vitoria.

Nordisk. Univers., Tidskrift, 6 Aarg.. 11 Heft, 1S60.

(107.) D'Arrest.—Beretning over Jagttagelsen af der totale Solformorkelse
der indtraf i Spanien den 18 Juli, 1860, (preliminary notice.) Overs, over
Forhandl, 1860, 195, 196.

(108.) Bulard.—Eclipse total de soleil du 18 Juillet, 1860, observee a Lam-
bessa, (province de Constantine.) Comptes Rcndus, liii, 509-512.

(109.) Zanfesdcsch i.—Intorno ai fenoraeni osservati in Italia nel eclisse di sole,

18 Luglio, 1860. Cherbourg, 1861.

(110.) E. Kayser.—Beobachtung der Sonnenfinsterniss am 18 Juli, 1860, in

Danzig. Astr. Nachr., liv, 225, 226.

(111.) Lcgnazzi.—Osservazioni del principio e della fine del I'eclisse del 18
Luglio, 1860, fatte all. I. R. Osservatorio Astronomico di Padova. Astr. Nachr.,
liv, 263.

(112.) Maury.—Eclipse of the sun, July, 1860, Washington. Astr. Nachr.,
Mv, 11, 12.
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(113.) Wolf.—Bcobachtung der partiellen Sonnenfinsterniss 2U Zuricli. Astr.

Naclir , Iv, 337, 338.

In the great number of essays and notices contained in (he above catalogues,

space would not allow us to consider each one separately, even independently
of the many repetitions which must thereby arise. I will, therefore, give a gen-
eral account of the phenomena of the solar eclipse of the 18th of July, 1860,
and therein, in order to simplify the citations as much as possible, will always
adjoin, in parentheses, the catalogue number of the memoir to which reference

is made in the statements.

The writings designated above refer both to Stations where the sun appeared
partially eclipsed, and also to those which lay within the zone of total eclipse.

With reference to the lirst class, it will be sufficient merely to enumerate the

names of the stations. They are as follows : Athens, (39;) Belfort, (76;) Bor-
deaux, (93, 95;) Breslau, (40;) Brussels, (S3;) Dantzic, (110;) Frankfort-on-

the-Main, (98;) Gottingen, (81;) Greenwich, (90;) Greifswalde, (89;) Had-
denham, (90;) Highbury, (90;) Kensington, (84;) Kiel, (26;) Kremsmiinster,

(38;) Lund, (101;) Milan, (37;) Mare^'tield, (96;) Metz, (74;) Naples, (96;)
Padua, (111;) Pic du Midi, Pyrenees, (59;) Rome, (61;) Storlus, (35;) Trieste,

(36;) Ucklield, (90;) Utrecht, (94;) Vienna, (105;) Washington, (112;) Wilna,

(104;) Woolwich, (82;) Ziirich, (113.)

The observations made within the zone of totality are the only ones which
are of especial interest ; and in this respect there is hi the above collection an
important deficiency, since the observations recorded by the English astrono-

mers in noi'thern Spain have only been published as yet to a very limited

extent and very incompletely.

The zone of total eclipse began in North America, traversed Spain from north

to south, passed over thence to Algiers, and ended in the interior of Africa.

In North America, the government of the United States sent two expeditions

—

the one, under the direction of Mr. Alexander, to the coast of Labrador ; the

other, in charge of Mr. Gilliss, to Steilacoom, Washington Territory ; but ob-

sexvations could be made only at the latter point.

The best opportunity for observations was furnished in Spain, and thither,

accordingly, most of the astronomers betook themselves.

Notwithstanding that from the first, by a circular sent from the directory of

the observatory at ]\Iadrid to all European astronomers, and published in the

Astronomische Nachrichten, lii, 253-256, as well as in the Monthly Notices,

XX, 184-187, the endeavor was made to distribute the stations uniformly over
the whole zone of total eclipse, this was but very imperfectly accomplished^
and, instead of an equable distribution, there resulted a collection into three

groups, namely

:

Northern group, toith Vittoria as the central point.—This group consisted of

Messrs. Airy, 0. Struve, W. de la Rue, Winnecke, Madler, Prazmowski, Mol-
ler, d'Arrest, Weyer, Fearnley, Lindelof, Lindhagen, Petit, d'Abbadie, Les-
piault, Goldschmidt, Thiele, Burat.

M'ulillc group ; central point, Tarazona.—This includes Messrs. Le Verrier,

Viilarceau, Ohacornac, Eoucault, Ismail Eifendi, Bruhns, Gautier, Novella.

iSuuthern group ; central j^olnt, CastcUon de la Plana.—To this group belong
Messrs. Secchi, Aguilar, Plantamour, lliimker, B. von Feilitzsch, Bremiker,
Marquez, Carlini, Donati, Haase, Von Wallenberg, Ribeiro de Sousa Pinto,

Ant. de Souza, J. C. de Brito Capello, Klinkerfues, Lamont.
The French government sent to Algiers, under Mr. Laussedat, a commission

consisting of officers and professors of the Polytechnic School, who stationed

themselves in Batua ; and the Viceroy of Egypt sent the astronomer of Cairo,

Mahmoud Bey, with a numerous retinue, to Dougolah, on the Nile, (19'^ 12' 41"

uorth latitude.)
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Let us first contemplate tlie progress of the phenomenon in general. A very-

important circumstance was noticed everywhere, viz., tliat when (observing with

the glass screen) the sun seemed to' have completely disappeared, and the screen

was then quickly removed, a bright solar crescent was still visible, disappearing

some twenty or thirty seconds later. This is the same phenomenon which Mr.

Airy lirst saw in 1S42, at the Sapt^rga near Turin, and described by saying that

he had observed the sun vanish tio'ice behind the moon. In the present case,

gome observers state that they saw a second solar crescent; others only remark

that, after removing the screen, there was a dazzling brilliancy which compelled

them to withdraw the eye from the eye-piece. This cireumstance is especially-

important for the reason that it has intluence upon the observed duration of

totality, since it is evident that this duration will come out longer or shorter,

according as the beginning and end of totality are observed -;vith or without the

screen ; also, the intensity of shade of the screen will have its influence. The
greater part of the observers probably observed the beginning with and the end

without the screen.

Daring the second vanishing of the sun, or even a few seconds earlier, nu-

merous intensely red rays issued from the moon's limb, the smaller ones of which

(ioon disappeared, but the larger showed as 'protuhcranois after the eclipse was
completed. According to some observers the vanishing solar crescent trans-

formed itself into an intensely red border; while others saw, at the moment of

the sun's vanishing, the whole moon surrounded by a small red border, either

of red pearls or flames, which seemed to run around it. It was noticed by every

one that a red border preceded the appearance of the sun on the west side.

The protuberances appeared upon the east, south, and north sides almost

simultaneously, but only towards the middle of the totality did they come out

upon the west, and gradually increased in height, while the eastern ones eou-

tiaually diminished, and entirely disappeared. Their color was red, more or

less intense, and here and there orange. The protuberances were belter seen

with a light red glass screen than without any screen at all, and with such a

glass could be longer followed even after the totality, a circumstance of which
great advantage can be taken in future observations.

No ground was given for the assumption of a connexion of the protuhcrances

with the solar spots.

In the corona there were to be distinguished the Innermost small rhig, the

outer broad ring, and the rays or halo.

Of the innermost small ring the moon's limb formed the interior limit, and a
sharp circular line concentric with the moon's limb, and about two minutes
distant from it, the outer limit. The light was silver white, and of equal

intensity throughout, or perhaps a little fainter just at the moon's limb.

The outer ring diminiished in intensity as the distance from the moon's limb

increased, and an exterior limit could not be assigned to it.

The rays readied a distance of more than a diameter of the moon, and were
partly straight, partly curved.

The corona was seen for several minutes before and after the totality.

Phenomena exactly corresponding to the fringes and pearls described by
Baily were not recognized.

The darkness during totality was, in America, equal to that of night. In
Spain and Algiers there remained a twilight sufficient to enable the observer,

without a lantern, to recognize the seconds of the chronometer, and to read
coar.se print. The planets and stars of the first magnitude iu the vicinity of
the sun were easily perceived. As regards the planet of Lescarbault, its non-
appearance contributed to confirm the opinion which the great number of
astronomers had already formed relative to it.

The dark spots or fringes which were first seen, in 1842, to pass over on the
floor or on white walls immediately before the totality attracted the attention of
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many observers in Spain and Algiers, who were occupied with the general

Boath,

f4m

progress of the phenomenon ; and it ap-

peared that they begin about a minute be-

fore the vanishing of the sun, and move on
parallel with the solar crescent, i. e., parallel

with the tangent of the point of the moon's
limb, where the sun vanishes.

A collation of the observations decides

at once one of the most important points

of dispute, inasmuch as it comes out de-

cidedly that everywhere the principal pro-

tuberances appeared at the same points of

the moon's limb.

The most conspicuous pi'otuberances are

designated in the adjoining tigure. The
first, which appeared immediately after the

sun vanished, was a, whose angle of position (taken in some cases only from

drawings) is thus given :

North.

155° Bruhns, (Tarazona.)

154 Secchi, (Desierto.)

155 Aguilar, (Desierto.)

14S Piantamour, (Castellon.)

160 Lament, (Castellon.)

140 Von Feilitsch, (Cast<;llon.

155° W. de la Bue, (Rivabellosa.

154 Winnecke, (Pobes.)

144 Novella, (Tarazona.)

156 d'Abbadie, (Briviesca.)

145 Thiele, (Vitoria.)

155 Goldschmidt, (Vitoria.)

TheThe long mountain ridge h is also to be perceived in all the drawings,

angles of position are, however, less accurate on account of its extent.

The protuberance c is especially deserving of notice, because it appeared
separated from the moon's limb. Its position was :

55°

60
59

59
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It is impossible to establish a complete accordance between the observations

of the different astronomers, both because no observer has noted all the pro-

tuberances, and also because, in estimating or graphically representing the

position-angles, the accidental errors may come out quite large, as is already

evident from the examples cited. To this may yet be added that on the west

side of the moon, at tlie middle of totality, only single protuberances appeared;

•while later, on this side, they extended to long mountain ridges, so as to pre-

sent a different aspect every moment, rendering an identical reference impos-

sible.

The attempts made in Desierto de las Palmas and Rivabellosa to photograph

the phenomena of the eclipse led to the satisfactory result that not only some

success is to be obtained, (which, indeed, could scarcely be doubted after the

attempts made in Konigsberg in 1851,) but also that the phenomena are much
more correctly and completely recorded than by direct observation. The posi-

tion-angles of the protuberances obtained by photographing (very uncertainly,

indeed, on account of the smalluess and want of precision in the images) were

given by Mr. Aguilar as follows :

Desierto de las Palmas. Rivabellosa.

1. Protuberance d.

2 do c.

do-

.do.

• do.

.do.

.do.

.do.

22°

57

159
194
231
260
276
340

28°

57
154
197
230
265
278
346

The fourth protuberance was observed by Mr. Secchi (pos. 195°) and Mr.
Aguilar, (pos. 193° ;) the hfth by Mr. Secchi, (pos. 231°.)* Also, the long

mountain ridge b occurs in the photographs. Moreover, the photographs show
a considerable number of protuberances not included in the preceding list, and
among these even very prominent ones, of wIlicIi no trace was to he perceived

by direct observation. The explanation of this fact presents many difficulties,

since, if we say that the light of those protuberances may act chemically with-

out affecting the retina of the eye, we must not forget that in practice hitherto

no example of this sort has yet been exhibited.

The fact that the photographs obtained in Metz by Mr. Goulier, (74.) and
sent to the Paris Academy, show a sort of corona close to the solar crescent,

which could not be seen by direct observation, appears to be attributable to

accidental causes, and certainly should not be considered analogous to the

above-mentioned phenomenon.
If we would consider more particularly the questions to be brought to test

by the solar eclipse of the 18th of July, 1860, we find in the first rank those
relating to the nature of the protuberances. The manifold inv('Stigations to

which the earlier eclipses gave rise were so far from bringing a definite opinion
with general acceptance that, even now, those who explained the protub'-rauces

as phenomena of interference or inflexion,' and those who considered them as

solar clouds, were about equally divided. In the above-mentioned preparatory
memoirs both hypotheses are defended ; and, in fact, Messrs. Airy (5) and Von

* Singularly, both these protuberances are wanting in the di-awing made by Mr. Aguilar
after the direct obsei-vation. .
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Littrow (12) Lave pronounced very decidedly in favor of solar clouds, and Mr.
Von Feilitzsch (22) for phenomena of interference. The detailed theoretical

references given by the latter deserve very special attention, and include all

the optical phenomena of total eclipses—the corona, the rays in the corona,

and the protuberances. For producing the latter there are assumed at the

moon's limb isolated conical elevations of about 500 feet altitude and base,

which are yet so small that they could not be seen with telescopes magnifying
300 times; and it is also shown that the same theoretical development explains

the origin of ail isolated protuberance if we assume at the moon's limb a very
high isolated mountain summit. With regard to the hypothesis advanced by
myself, (2,) that the colors of the protuberances are produced by inflexion of

light at the moon's limb, but their form by small masses of vapor floating in

our atmosphere, this has been set aside by the circumstance mentioned above,

that the same protuberances were seen at different places. Nevertheless, I

cannot yet entirely give up the opinion that the vapors of an atmosphere—that

is, the condensations caused by reduction of temperature next to the inmost

shadow—do exercise a very considerable influence upon the phenomena of total

eclipses, and especially upon the forms of the protuberances.

If we examine how the opinions relative to these questions stand now after

the observations of the total solar eclipse of I860,, we find the vote comes out

nearly as follows :

In favor of solar clouds, more or less decidedly, are—Messrs. Airy, Le
Verrier, Secchi, Aguilar, Struve, Madler, Gautier, Bremiker, Gilliss, Wiunecke,
Petit, Prazmowski, Lespiault.

In favor of interference phenomena are—Messrs. Plantamour, d'Abbadie,

Marquez, Legrand, Faye, Lamont.
A preponderating number have, therefore, declared themselves in favor of

the first oj)inion. Hereby we must not omit to consider that every one who
desires to combine different observations of a solar eclipse into a single result

is compelled, at the same time, to interpret critically and to svjiplij dcjlciencies.

In the shortness of time and the incompleteness of the apparatus no obiserver

can completely and accurately take in the whole phenomenon, and therefore

an interpretation and completion seems necessary and justified. But thereby

the deciding ground becomes so far doubtful, that probably the greater part of

the non-participating astronomers will consider the case as not yet ripe for

decision.

The criteria according to which we must decide are very simple. Sup-

posing that the moon moves over the sun exactly from west to east, then the

protuberances, whether solar clouds or caused by interference, will first appear

in the east, and gradually diminish in size, will come out later in the west and
increase in size ; while upon the north and south the magnitude must remain

unvaried. If the protuberances are solar clouds, there are yet to be added the

special conditions :

1. That the diminution of altitude in the east and the increase in the west

must exactly correspond to the relative motion of the moon.
2. That the protuberances must remain unchanged in form and color.

3. That with the northern and southern protuberances there must be changes

of the angles of position corresponding with the relative motion of the moon.
Applying these propositions to the several protuberances mentioned above,

it appears that with d the altitude should have remained unchanged ; but the

position-angle should in each minute have diminished about l."9. That,

furtheimore, the protuberance c should have diminished by 14", and a by 23"

in each minute, and the protuberance g should have increased 24", f 26", and
e 20" in the same time.

Direct measures, with reference to the given criterions, were made by Messrs.

Airy (88) and d'Abbadie, (57,) and the former found for the position-angles
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of d. o.nd c in ecjuai intervals of time tlie following values, which, however,

represent neither an increasing nor a diminishing series, namely :

d c

25° 50' 55° 50'

20 20 56 20

(Two observations lost.)

20 20 56 20

23 20 53 20

while the latter measured three altitudes of the protuberance a, of which the

first is doubtful, and, as Airy has circumstantially shown, (58,) if the correction

required by the observer himself be adopted, would be against the hypothesis

of solar clouds ; but if the correction be not adopted, would be in favor of that

hypothesis. By indirect methods, comparing with the position of the solar

crescent, Bruhus (31) (102) obtained two position-angles of the protuberance d,

which he was able to follow from 2 minutes before until 8 minutes after the

total eclipse, and found that in an interval of 13.7 minutes the angle of position

had diminished 26. °3, an argument of weight in favor of the assumption of

solar clouds. On the other hand. Von Feilitzsch (44) (45) determined by
measurement the diminution of the protuberance a in one minute to be 45",

and Plantamour (47) found it more than 30", while it should have amounted

to only 23". The latter pointed out also that the floating cloud c vanished

before it could be reached by the advancing moon's limb ; and entirely similar

results, pronouncing decidedly against the assumption of solar clouds, were

obtained by Mr. Thiele, (106,) who compared the altitudes of the protu-

berances measured at definite instants Avith the times of their disappearance,

and thence computed the diminution of altitude.

Besides these measurements, there are in the material before us no other

numbers which could lead to a decision. The progress of the eclipse, however,

produced in many observers, among them Messrs. Plantamour, (47,) d'Arrest,

(107,) Legrand, (46,) Goldschmidt, (41,) (42,) &c., the definite impression

that the changes of altitude did not proceed with uniform velocity, and my
own perceptions agree with this. On the other hand, Mr. Secchi (60) (61)
brings up the circumstance that the colors of the protuberances were very dif-

ferent from the interference colors exhibited in optical experiments.

Since the central shadow passed over the Avhole distance from the northern

to the southei-n coast of Spain in ten minutes, the protuberances considered as

solar clouds should have appeared at all the stations the same in form and
colors. Now, upon comparing together the drawings and descriptions of the

different observers, it Avill be always possible, by interpreting and completing
deficiencies with considerable freedom, to produce a similarity ; but without
such interpretation and completing, there is certainly to be found no^ satisfac-

tory agreement at all.

Definite resting points might be gained by comparing the forms which the
same observer saw at different moments during the totality ; and yet, in this

respect, we find contradictory testimony, for, while Bremiker (30) could per-

ceive no changes, Messrs. Plantamour, (47,) Von Feilitzsch, (45,) Bruhns, (31,)
and Groldschmidt, (41,) (42,) did observe changes of form and color in sev-

eral protuberances. I noticed the same thing, with all certainty, in the pro-
tuberance a.

With regard to the corona, and the rays therein contained, the observers ap-
pear generally to have attained to the conviction that they do not belong to the
sun, but are occasioned by interference at the moon's limb, and partly also by
the vapors in our atmosphere.

The question whether the same rays were seen at the different stations cannot
be decided with definiteness, for, while in the drawings at Pobes and Tarazoua
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a great resemblance can be perceived, tbe otlier representations differ so widely
from each other that doubts must arise respecting the identity of the objects.

I now pass to the special contents of the individual memoirs, but limit myself

to mentioning that which is worthy of especial notice, or is strikingly discrepant.

The most comprehensive and important among the above-mentioned memoirs
is that of Mr. Aguilar, (G5,) in which we find, not only a review of all the con-

clusions arrived at by Spanish observers, but also a collection of many results

from foreign observers. After a historical introduction we find the limits of

totality determined from the data given by professors, officers, and engineers,

who, partly voluntarily and partly commissioned by their governments, had
stationed themselves at corresponding points. It results therefrom that the zone

of totality agreed in diameter with the prediction, but, in position, must be car-

ried somewhat N.NE. of the predicted place. Next follows an investigation

of the duration of totality, Avhich was everywhere found to be shorter than pre-

dicted. In fact, the correction amounted to

—

15" in Vitoria.

IG in Briviesca.

16 in Herramelluri.

16 in Buro-os.

17" in Moncayo.
16 in Castellon.

15 in Desierto.

12 in Oampvey.

That the computed duration should require a correction, while the computed
breadth required none, is a contradiction, which Mr. Aguilar explains by the

remark that the correction corresponding to the above numbers would amount
to only 600 meters, and we can only decide about so small a quantity when a
complete collection of the observed data is before us.

If it should finally appear that there was a diminution of the breadth of zone
corresponding to the diminution of duration of totality, then Mr. Aguilar thinks

it probable that, in accordance with the idea of Faye, (69,) to be exhibited be-

low, we must assume a lunar atmospliere. That the phenomenon may be as-

cribed to an entirely different cause has been already indicated above.

Further on Mr. Aguilar mentions the different views relative to the corona,

such as the questions whether it is single or double ; whether it extends out fui'-

ther at the sun's equator than at the poles ; whether its light is polarized or

not. In respect to the latter question the observations of Messrs. Secchi,

Barreda, Rodriguez, and, above all, of Mr. Prazmowski, have decided that it is

to be answered affirmatively, assuming thereby that the polarizing reflection

takes place in the atmosphere of the sun, and not at the moon's limb, or in the

atmosphere of the earth.

The question of the protuberances is treated most at length. Mr. Aguilar
brings up the facts noted by the Spanish observers at Bilbao, Vitoria, Tudela,

Logrono, Casarejos, Lortora, and Ibiza, which he considers accordant with the

idea of solar clouds, then expresses his doubts relative to the observations of

Gijon and Oviedo, which do not harmonize therewith, and states, in special de-

tail, the things noticed by himself and some foreign astronomers. In this con-

nexion steel-engraved copies of four photograms, obtained at Desierto de las

Palmas by Mr. Monserrat, by help of an apparatus belonging to Mr. Secchi, are

added by way of elucidation.

Finally, the last chapters relate to the intensity of the solar light, the effect

upon plants, meteorological determinations, and effect upon animals. An ap-

pendix gives a summary view of all the stations and observers on the line of

totality from the Bay of Biscay to the Mediterranean.
The memoir of Mr. Marquez (66) is very thorough, and of great interest. It

contains, first, the principal moments of eclipse, the description of its progress,

the position and magnitude of the protuberances, represented by a sketch* drawn

*I assume that No. 7, iu the drawing of Mr. Marquez, is identical with a; Nos. ], 2, 3,

with the mountain chain b; No. 8 with d; No. 9 with c; aud No. H with /. Over the pro-
tuberance a Mr. Marquez noticed two isolated points.
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by eye, and differing considerably from the data of other observers, after which

follow very complete meteorologic, magnetic, and photometric observations. It

is worthy of notice that an inner ring was not seen in the corona ; on ihe other

hand the whole circumference of the moon appeared surrounded by a red bor-

der. It is stated, moreover, that the protuberance f was seen proceeding out

from the moon's limb before the solar crescent ; and, finally, we mu.st also

mention the noted peculiarity that immediately bef)re the vanishing and after

the re-appearing of the sun, black, mountain-like elevations of the moon's limb

(somewhat similar to the phenomenon described by Baily) projected themselves

upon the various solar crescent. The greater part of the memoir is taken up

with the collation of previously observed phenomena of total eclipses, and the

criticism of the theories formed for their explanation, wherein the author ex-

presses, as the final result, his very decided opinion that we can only assume

uiflexion, or interference of light, at the moon's limb.

The first mi'moir of Mr. Airy (49) is to be considered as only a preliminary

account, as all the observations made by those who participated in the British

expedition are to be collected together in a large volume and published at the

expense of the British government. In the second memoir (^88; the corrections

of the solar tables of Le Verrier, and lunar tables of Hansen, are deduced from

the observations made during the eclipse with the great eq[Uatorial of the Green-

wich Observatory, and the results are as follows :

Correction.

Diff. AR ([ — AR © == —l."l

Diff. Decl. d — Decl. O = —4.
Sun's diameter ^= +0. 3

Moon's diameter = —2. 4

The memoir of Mr. Bremiker (30) contains, in addition to tne determination

of time and the principal instants of eclipse, also the position-angles of the pro-

tuberances, and some data respecting their form. He did not observe any
changes of form, and, according to the whole course of the phenomenon, he ex-

plains the protuberances as solar clouds. It is worthy of notice that the floating

cloud c was not perceived either by him or myself, (the distance between us

was only a few steps,) while Mr. Plantamour, whose station was some hundred
feet further west, saw it distinctly. We meet a similar paradox also at Desierto

de la Palmas (65) and Oropesa, (66.) Mr. Bremiker appends to his mi^moir a

brief investigation respecting the brilliancy of Venus, which, at the time of to-

tality, he estimated to have one and one-half time the brightness of Jupiter, while,

according to Lambert's formula, it should have given much less light. He
shows that the ob.:;ervation may be satisfied by assuming that the atmosphere

of Venus also reflects light, so that the formula of brilliancy must consist of two
terms, whose coeflicients he determines.

Mr. Plantamour (47) brings up, in his brief but veiy pi-ecisely written exhi-

bition of the course of the eclipse, various ficts which contradict the assumjjtion

of solar clouds, and gives three drawings, representing the beginning, middle,

and end of totality, in which are found the protuberances a, h, c,f, and a moun-
tain-chain which covers the whole distance between e andyl

In the second paper (48) he endeavors to defend his drawings, and the state-

ment that the protuberance e vanished without com'ng into contact with the
moon's limb, against the objections of Mr. Sf'cchi, (Q>2

)

Mr. Gautier, (67,) without having perceived anything peculiar or different

from other observers, pronounces with great decidedness against the hypothesis
advocated by Mr. Plantamour, and appears to assume that the sun is surrounded
by a cohering red cloud-stratum with steep elevations and depressions. In the
drawings given by him we notice the protuberances a, h, c, e, f, and a long
mountain-chain between e andyi
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Mr. Goulier (74) brings out in a short notice the circiimPtance that, in the

photographs obtained by Mr. Lamey iu Metz, the solar crescent appears snr-

roiuided on all sides by a bright light, of which the direct observations have
ehown no trace.

The results of Mr. Chacornac, (24.) as well as the apparatus used by him, are

materially different from the rest. The telescope employed, made by Fuucault,

had a silvered mirror of .0.4 metre (15 Paris inches) [aperture,] and was mounted
equat(n-ially. The investigation related exclusively to the protuberance d, wliose

position he gives as 50"^ (30^^?) eastward from the north point. While other
observers compared the protuberance to mountain-tops, mountain-chains, or to

clouds, Mr. Chacornac declares this comparison wholly inaccurate, and finds in

the appearance great similarity to numerous gas-flames, or, better yet, to

a burning pile of straw, or of loose combustible material, on which a current of
air is acting in such a manner as to bend the many flames into different direc-

tions. The protuberance consisted of two separate parts : a larger part, where
it seemed as though the burning had just commenced; and a smaller, where
apparently the fire had already penetrated through the material, and the burning
was quietly going on. From the circumstance that some parts appeared very
distinct, wJiile others seemed to be in a manner wrapped in cloud, we should
infer, says Mr. Chacornac, that some were nearer, and others at a greater dis-

tance, an idea which Mr. Secchi has also brought forward. Although ALr.

Chacornac directed his especial attention to only one point, he nevertheless

swept repeatedly with his telescope over the whole circumference of the moon,
and so had opportunity to convince himself that all the protuberances presented

a similar aspect. It is known that Mr. Arago considered the luminous envelope

of the sun as burning gas, and Mr. Chacornac seems to have had this idea in

his mind while describing the protuberances.

The different memoirs of Mr. Secchi (60) (61) (62) are of especial interest,

partly on account of the observations which he himself made, and partly by
reason of the connexion into wliich he has brought his own observations with

those of others. He considers the protuberances as portions of the luminous
envelope of clouds by which the sun is surrounded, and holds accordingly that

the solar atmosphere is less extended iu the polar regions than toward the

equator, and that also the agitation of the atmosphere is less at the poles. His
remark (not fully carried out in all respects) that the photographs obtained by
himself and Mr. de la Rue are identical is especially noteworthy, as also his

explanation of the circumstance that protuberances appear in the photographs
which could not be perceived by direct observation with the telescope. The
changes of solar heat during the progress of the eclipse were determined by
Mr. Secchi by means of a thermo-multiplier of Melloni ; also magnetic and me-
teorologic observations were noted down.

Mr. Prazmowski (51) gave himself to the problem of investigating the polar-

ization of the corona and of the protuberances, for which purpose he had
constructed two different instruments. The first, consisting of a telescope mag-
nifying 22 times, with a quartz plate in the focus, and a Nicol's prism between
the first and second eye-lens, showed a strong polarization of the light of the

corona in which the polarizing plane was perpendicular to the moon's limb—

a

result which entirely agrees with previous determinations, and with the above-

mentioned observation of j\[r. Secchi. The second instrument, a telescope of

the same kind as the preceding, but with double the power, had a scale of quartz

between the first and second lenses, and before the eye-piece a double-refracting

prism, with a small refracting angle, so that the two images of a protuberance

appeared near together, (the distance was only IJ minute,) while the two images
of the corona projected themselves upon each other, and formed a white ground.

In this way it became /possible to decide the hitherto unsettled question respect-

ing the polarization of the protuberances by ascertaining that their light is not
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polarized. "Is it allowable," asks now Mr. Prazmowski, "to conclude from

this that the protuberances are solar clouds which consist, not of gaseous, but of

vapory or fixed particles'?"

Among the facts noted by Mr. Lespiault (5-1) we may point out this, that rays

belonging to the corona proceeded out from very many points of the moon's

limb, but irregularly in direction and distribution, and some were also curved

near the outer limit of the corona. The irregularity showed itself very man-

ifestly at about 233° from the north point, where the rays seemed to cross in

all directions. The largest ray in the corona was from 80° to 110° distant from

the north point. He measured the altitudes and bases of three of the protuber-

ances, a,
(
%) e, (?) d, but without giving the time.

The communication of Mr. Bianchi (43) respecting the identity of the protu-

berances of 1842 and 1860 would be of greater Aveight if more particular refer-

ences were added. This important defect, and then the objections that must

arise in consequence of the different relative position of snn and moon, and the

circumstance that Mr. Bianchi does not seem to have occupied himself specially

in astronomical works, gives but little hope that his propositions would be

established. The approximate agreement which we perceive in the drawings

of different eclipses relative to the position of single protuberances loses much
in Aveight when we consider the great number of the protuberances.

Mr. Faye (50) did not observe the eclipse himself, but only collected observa-

tions and compared them with earlier statements, and has endeavored to show, in

opposition to the opinion of his colleague, Mr. Le Verrier, (23,) that the hypoth-

esis of solar clouds is untenable, partly by reason of the difference of form

seen at different localities, partly by reason of the rapid changes of form and
color which are manifested during the totality, and partly on account of the

impossibihty of referring the phenomena of different eclipses back to a common
fundamental point. Thus we have observed white protuberances, rose-colored

protuberances, intense red protuberances, red and orange protuberances, peach-

red protuberances, violet protuberances, black protubei'anccs, white protuber-

ances, with black edges, without any reason having been assigned for these

colors, and the transition from one to another. Mr. Faye then speaks of the

phenomena of the corona and the halo of rays connected with it, which, according

to his remarks, cannot be considered as belonging to the sun ; and, furthermore,

he does not acknowledge as correct the conclusions drawn from the polarization

phenomena.
Mr. Petit, {Zi^^ (56,) who made numerous measurements of the heights of the

protuberances, (not given, however, in his memoir,) considers the hypothesis of

solar clouds as completely established by the whole series of recent observations,

and remarks, at the same time, that not the least ground is given for the assump-
tion of identity of the protuberances of 1842 and 1860. In the corona, which
he saw 12"^ before and 2™ 46^ after the totality, he distinguishes three concentric

rings—an innermost brilhant ring of 7' 30" breadth j a second ring, 9' 30" in

breadth ; and an outer ring, 28' broad, consisting of less regular light. Barometer
and thermometer observations are also added.
The expedition sent to Algeria, under direction of Mr. Laussedat, (68.) con-

structed a temporary place of observation before the gate of Lambersa, and
obtained, during the eclipse, various results which were transmitted to the Paris
Academy at the same time with the very general report lying before us. The
results communicated called up an academic discussion, in which Mr. Faye (69)
remarked, that since, according to Hansen's statement, there is an atmosphere
on the side of the moon opposite to the earth, and, according to Herschcl, the
temperature of the moon's surface in consequence of the long-continued sunshine
reaches at least to the boiling point of water, the lunar atmosphere at the time
of new moon must, by reason of the expansion, spread out, and become visible

at the sides of the moon. He shows how in this way many phenomena of the
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total eclipse of 1860, namely, the sLortening of duration of totality, the visibility

of the moon's limb before and after totality, &c., may be explained.

Mr. d'Abbadie (57) observed position-angles and altitudes of the protuber-

ances a and e, and, in fact, the latter was observed before the appearance of the

sun with the position-angle of 260°, and after the appearance of the sun, as a
new protuberance, with the angle of 263°. The conclusions to which his ob-

sen^ations lead have been already mentioned above. His polarization observa-

tions agree, indeed, with those of j\Ir. Prazmowski, but cannot be considered as

decisive.

The account of Mr. Gilliss (73) is very remarkable, and we can only wish
that the things noted could have been exhibited in more detail and explained

by drawings. The station was^in a prairie (Muck Prairie) near Steilaeoom, in

a bleak and little cultivated part of Washington Territory, and the dampness
was so great that the object-glass of the telescope reqwired to be wiped ofi' from
time to time, as a deposition was constantly forming. If we assume that in the

photographed drawings, accompailj^ing the memoir, north and south only are

inverted, and not east and west, so that south is above, north below, west on the

right, and east on the left, then Mr. Gilliss observed protuberance g with the

position-angle of 255° to 258°, and this came out first, and with striking bright-

ness as a cloud-pyramid of 2' base and V altitude. As the moon advanced the

base increased, while the altitude remained the same; notwithstanding, the ap-

joearance made an impression upon Mr. Gilliss as though the protuberance came,

gradually more into view behind the advancing moon. A smaller protuberance
(doubtless f) appeared simultaneously under the angle of 268° to 273°, and
towards the end of totality the protuberance <5> (?) was also perceived. These
are the only objects which Mr. Gilliss specially mentions. He remarks, how-
ever, that the number of the protuberances Avas considerable, and that they

commenced to appear about 30"* after the beginning of totality, after a small

white line had been seen immediately around the moon's limb, and outside of

this line a crown of red points or pearls which seemed to run around the moon.
But the most striking thing in the appearance were rainbow-like and rainbow-

colored small bands of equal radius with the moon, which, in great number,
following each other upon the dark lunar disk, moved inward toward the centre

from cast and west. Mr. Gilliss leaves it undecided whether a real appearance

was seen here, or only an optical phenomenon arising from physiological causes,

yet he adds a short description by Mr, Goldsborough, at Steilaeoom, from which
he thinks it may be concluded that the latter saAv the same phenomenon. At
the beginning of the totality the moon showed itself spherical, as though seen in

a stereoscope.

Mr. Burat (25) designates the outer limit of the corona as elliptical in such a

way that the breadth at the solar equator was greater, and less at the poles.

Among the protuberances he noticed h, c, d, e, but no accurate comparison can
be instituted, as he has not given the times.

Mahmoud Bey (70) observed the eclipse in Dongola, on the Xile, and saw at

first 6, but near the end of totality 7 protuberances, among Avhich were h,

(observed position-angle 109° to 121°,)^, (observed angle 278^,) and c, v/hich

last appeared as consisting of two isolated clouds.

In the memoir of Mr. Madler (34) it is especially worth while to notice the

indication of a circumstance, not previously brought into consideration, by which
a decisive confirmation or contradiction of the optical hypothesis is rendered

possible. For since, under the conditions which obtain in solar eclipses, the

moon's poles can have no libration, but the efi'ect of libration at the east and
west limbs is included within quite narrow limits, therefore the same protuber-

ances must always appear at the poles in case they are caused by elevations at

the moon's limb; and, as regards the east and Avest limb, there will be, at least

in. the course of a long period of time, total eclipses with the same libration, when
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also the samo, protuberances should tlien appear at the sides of the moon. From
the further proposition of Mr. Miidler, to use the ten-year period of solar spots

in a similar manner, and compare the total eclipses which occur at equal phases

of this period in order to decide whether the solar spots have a connexion with

the protuberances, but little success may be anticipated generally. Very in-

structive lithographic plates are appended to the memoir, where we find all the

hitherto observed protuberances represented. Mr. Mildlcr himself, in Vitoria,

noted the protuberances a, h, d, e, and two smaller prominences besides; the

observation of these, and comparison with the statements of other observers,

leads him to the conclusion that solar clouds, and not diffraction or inflexion, are

the cause of the phenomenon.

Mr. Thiele (106 i
gives a sketch of the protuberances, together with an esti-

mate of the altitudes and position-angles ; whence we can deduce that he saw
the protuberance a, (pos. 148° ; initial altitude, 2'; vanished one minute forty-

six seconds after beginning of totality,) the mountain chain b, (pos. 90'' to 120°,)

the floating cloud c, (pos. 46°,) the protuberance d, (pos. 28°,) and the pro-

tuberance e, (pos. 345°.) From his own observations and those of others he

deduces the velocity with which the moon apparently advanced over the pro-

tuberances, and finds the numerical result two or three times as great as it

should have been upon the supposition that the protuberances belonged to the

sun.

Mr. Von Wallenberg ( 79) observed very near the limit of the zone of totality

in Valencia, and appears to have seen the protuberances f and g at the lower,

and then a and b at the eastern limb of the moon. He describes the rays of

the corona as uneven, and with cloud-like termination, and notes three in par-

ticular, one of which (slightly curved to the south) seemed to proceed from

between the two eastern protuberances, and the other two (hook-shaped, v.'ith

their concave sides towards each other) to proceed from the vicinity of the two
lower protuberances. It may also be added as worthy of remark, that, at be-

ginning of totality, the narrow solar crescent did not run together at the mid-

dle, but towards a small notch in the moon's limb somewhat on one side from
the middle; and here a point of light remained behind, and vanished 15 seconds

after the crescent.

Mr. Goldschmidt (41) (42) obsei-ved the protuberances a, b, c, d, (whose
position-angles were probably given not from his own observation, but from the

photographic determinations of Mr. Secchi,) and another protuberance at 195°,

and two small ones at 36° and 60°. From his circumstantial description we
perceive that before the vanishing of the sun he saw a gray-cloud stratum,

situated at the sun's limb, just where the protuberance b appeared afterwards
;

that the protuberance e in the course of the totality changed considerably in

form and color, and that d remained visible yet 4 minutes 40 seconds aft.er the

reappearance of the sun. He ascribes to the corona a yellow color ; he com-
pares the protuberances, whose altitudes he gives about twice as great as other

observers, to glowing wood coals. He brings up as a thing especially noted
that, during the totality, " the dark moon had had an inner broad and defined
limb."

Mr. W. de la Rue (76) describes, first, the preparations which he had made
for photographing, and then informs of the result, which consisted in obtaining
two photographs during the totality, and thirty-one during the rest of the
course of the eclipse. He, himself, observed the phenomenon with a telescope,

in whose focus was applied a glass with lines for helping to estimate magnitude
and position of protuberances ; and he saw some minutes before totality, when
he had diminished the light by reflection from a glass surface, the whole cir-

cumference of the moon and a bright protuberance eastward from the zenith.

Afterwards, immediately before the sun vanished, he could, Avithout diminish-
ing the light, discern the floating cloud c, and a whole series of protuberances
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further to the east. He adduces, as worthy of remark, that in the position-

angle 72° a large protuberance appeared in the photogi-aphing, of which he

had seen no trace in the direct observation, although the region was com-

pletely swept over by him.

With- regard to my own observations, (77,) (78,) of which the results will

not be published until a later day, I remark, that I saw only the protuberances

a, b, d, and f, at the place of the floating cloud. I noticed rays belonging to

the corona which were not perpendicular to the moon's limb, but were inclined

southward.

The description given by Mr. Mannheim (28) of the movable fringes forms

a part of the general report made by the commission seut to Algeria by the

Polytechnic School in Paris. We see therein that the fringes were rectilinear

and entirely colorless, and at first following each other at distances of one

decimeter, and afterwards at smaller distances and with greater rapidity. In

this connexion a quotation is introduced from the report of Arago upon the

solar eclipse of 1842, wherein the explanation is pronounced difficult and
uncei'tain.

Mr. Jacob (85) belonged to the British expedition which went to Spain

under the direction of Mr. Airy for the purpose of observing the eclipse, and
chose its station in the Pass of Peiiacenada, between Vitoria and Logrono.

From the preliminary notice which he communicates respecting the pro-

tuberatices, we deduce that he saw the protuberance a, the mountain-chain h,

the floating cloud c, and the protuberance e at precisely the same points of the

moon's limb at which they appeared in southern Spain. With reference to

the protuberance e, it is remarked that it first appeared shortly before the end
of totality.

I believe that in the preceding pages I have brought into notice the most

important points from the extremely comprehensive material before us. If I

have not more closely considered various classes of observations relating to

special questions, such as magnetic, meteorologic, photometric observations, or

observations of colors and lines of the prismatic spectrum, the reason is, that

as yet no noteworthy results have been deduced from those observations, and
partly, also, because the questions in view, a^ of the absence of an influence

of* the eclipse upon the barometer and the magnetic needle, might be considered

as decided by previous investigations.

In relation to the expeditions undertaken into Spain, I only add yet the

remark, that they experienced on the part of the inhabitants the most friendly

reception, and on the part of the authorities all possible support and furtherance

in carrying out their scientific labors ; and all those who participated in the

expedition, without exception, have in the warmest terms expressed their

acknowledgments

.

17 s
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Paris, June 23, 1865.

Sir : I have the honor to address to you the copy of a very interesting letter

which I have received from a distinguished savant, M. le Baron de Prados, of

Rio de Janeiro, on the total eclipse of the sun of the 25th of April last.

It appears to me important that this letter should be published, for we need

the preservation of accounts of all the principal eclipses in order to complete the

theory of the physical constitution of the sun. I request, therefore, that you

will cause it to be published, if possible, in some of the works issued by the

Smithsonian Institution.

Be pleased, sir, to accept the assurance of the respectful consideration of your

humble servant,

EMM. LIAIS,
Astronomer of the Observatory of Paris,

Mission Scientijique, 56 Rue de Belle- Chatte.

Professor Henry,
Secretary of the Smithsonian Institution.

On the eclipse of the sun, April 25, 1865.

[Extract of a letter from M. leiBaron de Prados to M. Liais, dated April 26.]

In pursuance of your indications I repaired to Rio de Janeiro some days be-

fore the opening of the Chambers,* that I might be able to observe the eclipse

of the 25th instant. Unfortunately, the sky remained overclouded up to the

time of the first contact. When the sun could be observed, the shadow of the

moon had already invaded its disk, so that the first contact was lost. The last

exterior contact, the only one which I could observe with any exactness, took

place, according to the observers who were present at the imperial observatory,

myself being among them, at llh. 6im. 5s. Being at the great meridian re-

fractor, which had been removed in order to be directed upon the sun, I was ena-

bled to follow those physical details which there was an opportunity of observing.

The eclipse was not absolutely total at the observatory. A thread of light

which, at the height of the phenomenon, took the form of a chaplet, perhaps
prevented the observation of all the particulars of the corona. This last showed
itself, however, for some moments in all its splendor. The following are the

special circumstances which I was able to remark during the short duration of

the phenomenon

:

At the moment when the luminous thread assumed the chaplet form, the

* M. Baron de Prados is president of the Corps Legislatif of BraziL He resides at Barba-
cena, where he has caused to be constructed at his own expense, and maintains, a large hos-
pital for the poor. He studied medicine at Paris when young, and conducts the above es-
tablishment himself. The Chambers opened eight days after the eclipse, which explains the
first phrases of the letter.
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western border of the moon presented a magnificent ring of some seconds in

breadth and of a violet-blue color. Its regularity Avas perfect. It was rather a

luminous outburst of admirable eflPect. Nothing like it was manifested on the

side of the eastern border. The ring of the corona was, nevertheless, well

closed, and of a perfect pearl color, except on the eastern side, where the feeble

line of solar light gave it the ordinary tint of the atmosphere near the edge of the

sun. Five pencils of parallel rays of a perfect whiteness proceeded, almost per-

pendicularly, and without blending, from the edge of the ring of the corona.

None of these pencils seemed to me contiguous to the lunar edge. If we except

the violet-blue coruscation which showed itself on the western border of the moon
at the height of the eclipse, nothing was observed which resembled those flames

or protuberances which are almost constantly remarked in total eclipses, unless

we suppose to be such the same magnificent luminous trait of violet blue of

which I have spoken.

Perhaps the short duration of the eclipse, and the illumination, however feeble,

of the eastern edge of the sun, prevented their being distinguished at our station.

We shall learn what will be said on this subject by the expeditions of St. Oath-
erina and Cabo-Frio.* Notwithstanding the instantaneousness of the phenome-
non, I endeavored to verify the existence of the polarization of the light of the

corona. For this purpose I availed myself of the polariscope with colored

bands of Savart, and that of M. Babinet. It was with the former instrument

that I best recognized the polarization. The bands were well colored on direct-

ing the instrument on the corona. The coloration was sufficiently sensible to

forbid my admitting the intervention of the atmospheric polarization, for it was
imperceptible when the instrument was directed on the lunar centre. It need
not be said that the atmosphere was strongly polarized in all its regions, during

the continuance of the phenomenon, in the manner in which it ordinarily is.

One circumstance, manifested with much distinctness, was the visibility of the

border of the moon beyond the solar disk during even the first phase of the

eclipse. Arago, however, had remarked it in 1842, and you have also called

attevjfion to it in your observation of 1858 with regard to photographic tests

by causing the solar image to fall upon unpolished glass. During the wholo
eclipse I carefully explored in the photosphere the solar surface which showed
the greatest calm. By a singular defect the faculce were scarcely perceptible

in my instrument. Should the observations at St. Catherina and Cabo-Frio
verify the absence of protuberances, the opinion will receive strong confirma-

tion which supposes them to be formed by the ascending currents of solar

vapors, which then involve by their impulsion the clouded extraphotospheric

stratum, and whose violent elevation produces the protuberances. The photo-

sphere was tranquil, and only a luminous line of a violet-blue color, a regular

level stratum, presented itself to view. I sought with care for the existence of

moving shadows. Nothing, however, was verified, although a large number of

scholars of the Central school, who were then at the observatory, had their eyea

fixed on the white walls of the cupola, favorably disposed for observation. The
sky was so cloudy that we could perceive at our station only the planet Venus.
The inhabitants, however, of places more to the south are said to have dis-

cerned several stars of the first magnitude.t The leaden color tending to

violet predominated in the air and on the sea, which resembled molten lead.

Domestic animals manifested the usual phenomena, the fowls seeking their

roosts, while certain species of brutes seemed to manifest rather surprise than

fear. Of the horses and mules in the streets of Rio de Janeiro, nothing re-

* Letters of a later date than that of Baron de Prados have informed us that these two ex-
peditions encountered such bad weather as to preclude observations.

t To the south of Eio de Janeiro the echpse, according to other information, was abso-
lutely total.
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markable was noticed. The meteorological observations offered the same
anomalies which have been remarked in 1858 ; that is, the minimum of tempera-

ture did not correspond with the maximum of the eclipse. The temperature

began to ascend immediately after the commencement of the phenomenon, and
then sank until the latter was at its height, when it stopped at 2i.'3° centigrade.

Before the eclipse the same thermometer marked 24.7"^. The same thing occurred

with the barometer, which commenced ascending at the beginning of the eclipse,

and did not decline till 9k. 4>n., reaching its minimum at the point of greatest

obscuration. Having remarked nothing striking as to other meteorological phe-
nomena, I limit myself to these simple indications.



REPOET OF THE TRANSACTIONS

OF THE

SOCIETY OF PHYSICS AND NATURAL HISTORY

OF GENEVA, 1861.

BY REV, M. DUBY, PRESIDENT.

TRANSLATED FOR THE SMITHSONIAN INSTITUTION BY C. A. ALEXANDER.

Gentlemen : It would afford me great satisfaction to be able to communi-
cate, in the rapid sketch which I am about to present of the proceedings of our

• Society, some small portion of the pleasure which I have myself derived from
a review of them. In the full and accurate reports of our secretary, the instruc-

tive lecture and animated discussion have seemed again to pass before me, and
these I must now attempt to retrace, but, of course, Without the hope of repro-

ducing that which formed so large a part of the charm of our meetings—the

uniform kindness which pervaded them, the unaffected urbanity with which
each, whatever might be the line of his own studies, lent an attentive interest

to the researches of his colleagues. The classification whicJi I shall follow, in

giving an account of your proceedings since M. Pictet read to you the last an-

. nual report, will be that adopted by him, as well as my other predecessors.

PHYSICAL SCIENCES.

You recall, doubtless, the interesting paper presented last year by M. Ritter,

on the figure of the earth. He has lately resumed this subject. In his second

memoir he has applied to the calculation of the dimensions and exact form of

the globe the analysis which he had previously developed, while availing him-
self of all the observations which furnish the actual elements of the problem.

His calculations extend over eleven arcs, divided into sixty sections, and com-
prising seventy-five stations, with a total amplitude of eighty-six degrees, which
are not all contiguous. It results that the ideal metre, or the ten millionth

part of the quarter of the meridian, exceeds, by two hundred and twenty-eight

thousandths of a millimetre, or one hundred and one thousandths of a line, the

legal metre, or metre of the archives. The flattening of the earth is -^2' with

an uncertainty of 2.6 in the denominator. The equation of the meridian differs

unquestionably from that of the ellipsis, the meridian being swelled out towards
the forty-fifth degree by a stratum whose thickness is twenty-seven toiscs, with

a probable error, more or less, of twenty-four toises. This uncertainty pertains

chiefly to the latitude of three of the stations—Montjouy and Evaux, in the

French arc, and Kamiez, in the arc of the cape.

To M. Ritter we' also owe an account of the new experiments which the office

of the ordonnance survey, charged with the geodesic operations of Great Bri-

tain, has caused to be made in Scotland, with a view to determining the density
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of the earth. M. Hitter informs us that the manner iu \/hich these experiments

have been conducted, and the possibility that unknown and unconsidered sub-

stances may exist in the mountain, on the two sides of which the experiments

were made, do not authorize us to accord to the results obtained the same con-

fidence Avhich should be inspired by experiments of the nature of those of

Cavendish. Again, the operations in England, conducted by the commission

for restoring the standard of measures of length, (the yard,) have found in ]M.

Ritter a reporter quahfied to convey to his colleagues a clear idea of the diffi-

culties encountered, and of the scrupulous precautions taken to obtain a solu-

tion of the problem.

The study of the periphery of our globe, and the phenomena it presents, have

been the subject of several communications. M. Chaix, in giving a summary
account of the voyage of McClintock to the polar regions, showed that the

boreal lands have in general a higher relief than was heretofore supposed. The
mean relief of the islands discovered since the voyages of Captain Eoss reaches •

2,000 feet. Different indications lead to the belief in recent upheavals. To
the same colleague we are indebted for a sketch of a memoir by Colonel Gra-

ham, on the scniii-diurnal tides of Lake JMichigan, from which it results that the

high spiring tide at the syzygies rises to 3.48 inches, and M. Craham thinks

would reach 4 inches, were all causes of disturbance removed.

Professor Wartmann and M. de Saussure on two occasions occupied the

attention of the Society with a work by M. Thomasse. on the hydrology of the

southern part of the United States. This latter savant, accepting the state-

ment of American engineers that the quantity of Avater conveyed by the Mis-

sissippi equals but the tenth part of the Avhole quantity which falls iu the basin

of that river, contends that to explain this phenomenon it is necessary to sup-

pose a drainage by subterranean passages, and attributes to that cause the foun-

tains of fresh water observed in the sea at the mouth of the river. M. de Saus-

sure cannot admit that these fountains proceed from cavities or clefts iu the

middle or superior portion of the river, which flows over the old sandstone,

quite unconnected with the recent formations of New Orleans. M. Chaix dis-

putes even the basis of M. Thomass(;'s hypothesis. Not only is it very diffi-

cult accurately to gauge the river at different seasons, but we are by no means
in possession of the necessary elements for estimating, even approximately, the

quantity of water which falls iu the basin of the Mississippi. M. Chaix reminds
us that M. Ellet gauged that river both below and above each of its great .'itliu-

cnts, and that the result showed that the quantity of water conveyed, though
augmenting considerably at each point of confluence, regularly presented a sen-

sible diminution lifty leagues lower down. This diminution, according to the

engineer just mentioned, is easily accounted for when we observe that below
the Arkansas the right bank is low, swampy, and furrowed by bayous or arms
of the river.

The natural glaciers of our mountains have been the object of very particular

investigations by iMM. Soret and Thury—by the former in reference to a glacier

above Thun, and by the latter iu the case of the Pre de St. Livres, in the vau-
dese Jura, and in that of Vergy, in the Alps of Savoy. It was in winter that
M. Thury made the visits of which he gave us an account, and he draws from
his observations the conclusion that the time of the formation of the ice in these
cavities must have been the season of the year when both water and frost pre-

vail—that is to say, iu autumn, and especially in spring.

]*rofcssor de la Eive presented to the Society copies of three Portuguese
maps of Africa, of an earlier date than 15.38, which were sent to him by M.
Liivradio, for the purpose of showing that many geographica.1 facts discovered
within late years were not unknown at the above epoch. M. Chaix, in effect,

called atteutlou to the singular fact that these maps uidicated a chain of lakes



PHYSICS AND NATURAL HISTOEY OF GENEVA. 26o

and rivers iu the interior of soutliern xVfrica. . This circnmstauce, however, loses

its importance when we observe that, although referred to the same latitudes

with those discovered by Livingstone and Burton, the names borne by these

collections of water betray the error by which, while really belonging to equi-

noctial Africa, they have been transported too far to the south.

Before quitting our own planet to recall the communications relative to

astronomy, I should occupy a moment with an account of some researches re-

specting the atmosphere. To Dr. Lombard we are indebted for a memoir treat-

ing of the influence of altitude on rain. M. Gasparin, it will be remembered,
claims to have established the law that the quantity of rain increases with the

height. M. Lombard has collected, as bearing on this point, numerous obser-

vations published in the United States, and, having compiled and compared
many tables, arrives at results which, whether as regards the valley of the
Mississippi or the whole country, entirely contradict the supposed law, M. de
la Hive, reminding us of a theory formerly advanced by himself regarding the

formation of non-concentric hailstones, and ascribing it to the sudden congela-

tion of collections of globules of Avater suspended in the atmosphere and cooled

below zero, took occasion to announce to us that Professor Dufour, of Lau-
sanne, has recently, by very ingenious experiments, furnished additional prQba-

bility to the theory, and shown the effect which violent concussion would have
in producing the phenomenon.
The principal discussions in regard to astronomy arose from the observa-

tions of the total eclipse of the sua, July 18, 1S60, made by Professor Plan-
tamour, at Oastellon do la Plana, iu Spain, and by Colonel Grautier, near Tar-
razona. It was certainly a fortunate circumstance for the Society that two of

its own members were among the accomplished observers of these striking

phenomena, and the details famished by our colleagues were received with
marked attention. As their memoirs have been published, I shall not here
attempt a detailed analysis ; I shall only observe that the essential point on
whicli the discussions turned was in relation to the I'ed protuberances which,
immediately after the disappearance of the sun, showed themselves on the edge
of the obscure disk of the moon. Those observed by M. Gautier seem not to

have been identical with those which M. Plantamour has so well described.

The former particularly noticed one of these protuberances which, after having
made its appearance at the commencement of the eclipse under the form of a
small spot, continued to increase with a regular gradation and assumed the

form of a large triangle, a little to the right of the zenith. But the chief sub-

ject of variance between the two observers regards the cause of these protu-

berances. If both agree in extolling the splendor of the spectacle, it is held,

on the one hand, by M. Plantamour, to be a simple optical effect produced by
the interposition of the screen which changes the direction of the sun's rays

;

while, on the other, M. Gautier thinks that the phenomenon is essentially solar.

It Avould occupy us too long to state the arguments by which our learned ob-

servers sustain the conclusions at which they arrived. I shall merely add, on
the authority of M. Gautier, that the author of the annual report of the Astro-

nomical Society of London seems to have adopted the opinion that the protu-

berances pertain to the sun.

M. Gautier has from time to time supplied us with information respecting

the researches of M. R. Wolff on the spots on the sun. These researches

confirm the existence of a period of about eleven years in the return of the

spots, but their size is modified in an interval of five or six of those periods.

The elder M. Wartmann stated, with regard to these spots, that when observed

directly through the telescope they seem blat;k, but when the image is received

on a screen their appearance is red. He thinks that the phenomenon in the

former case is an effect of contrast with the light of the orb. M. do la Rive
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called the attention of tbe society to some new experiments by M. Kirchoff

relating to the influence exerted on the stripes in the spectrum of a flame by
the presence in that flame of certain metallic substances. From these experi-

ments highly interesting consequences regarding the nature of the solar

atmosphere are deduced by M. Kirchoif.

From M. Gautier we also received an account, first, of a memoir of M. Otto

Struve, jr., on the annual parallax of the stars, aljpha of the lyrce and 81 of

the swan. The result of the observations on this last star establish its com-

parative proximity to the earth, from which, nevertheless, it is separated by four-

teen millions of millions of leagues ; second, of a memoir of M. Powel, of

Madras, on the double star eta of Cassiopea, the distance between the two

stars being 1" , and their orbit indicating a revolution of 181 years ; third, of

the publication of tables of Venus, by M. Leverrier, the results of which indi-

cate that the value of the mass of the earth is to be slightly augmented;

fourth, of observations made iu England and in Germany on a nebula which,

during the month of May, 1860, assumed for some days the appearance of a

brilliant star of the sixth or seventh magaitude,

M. Wartmann, sr., notiiied us of the discovery, between Mars and Jupiter,

of six new asteroids. On this occasion he combated the idea of M. Leverrier,

that these new planets might be recently formed from the cosmic matter dif-

fused through space. He also communicated a note on an aurora borealis ob-

served at Geneva March 9, 1861, in which it is shown that the theories of the

aurora heretofore given leave unexplained the cause of the movement of oscil-

lation which is executed by describing suddenly and completely an azimuthal

arc of several degrees in extent to the right and left of the magnetic meridian.

M. Wartmann invites the attention of theorists to this strange phenomenon,
which equally concerns both physics and meteorology.

The communications relating to electricity have been, as usual, quite nu-

merous. M. L. Soret presented on the 6th December an essay towards a

mechanical theory of electricity. After having recalled the fact that electric

phenomena, and especially the calorific and mechanical effects, seem to adapt
themselves fully to an hypothesis like that on which rests the mechanical

theory of heat, he infers that electric phenomena are to be regarded as molecu-
lar movements subject to the ordinary laws of mechanics ; and he proceeds to

investigate the nature of those movements which he considers to be rotary.

The rotation may be executed in two directions, from left to right and from
right to left. From thence would flow that duality which characterizes elec-

tric phenomena, and conducting bodies v/ould be those which allow the trans-

mission of the rotary movement of a molecule to neighboring molecules, while
that property would be absent in isolating bodies. On these principles M.
Soret explains the fiicts of both static and dynamic electricity ; and he termi-

nated this first communication by showing that the phenomena of the propa-
gation of currents and extra-currents, of the closing and the rupture of a cir-

cuit, are easily explicable on the hypothesis thus presented. The chief objec-

tions to this theory arise from the impossibility of explaining thereby actions

at a distance, and the consideration that the movement of rotation of a mole-
cule cannot produce in the neighboring molecules a movement in the same di •

rection, but necessaril}^ movement in a contrary direction.

M. de la Rive reminded us that in 1849 he proposed to explain the variations

of the magnetic needle by the existence at the surface of the earth of electric

currents resulting from a rupture of equilibrium of the terrestrial and atmos-
pheric electricity. This theory was rejected by astronomers, who maintained
that the magnetic variations are too intimately connected with the position of
the sun not to depend on the direct action of the -mass of that body. Eccently,
however, a celebrated astronomer. Father Secchi, has anew had recourse to the
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influence of atmospheric agents in order to explain to a great extent the varia-

tions of terrestrial magnetism. Every rupture of meteorological equilibrium

producing a condensation of watery vapor would produce a rupture of elec-

trical equilibrium. This equilibrium cannot be re-established except by cur-

rents of the surface, currents which must act on the magnetic needle. Doubt-
less the mass of the sun exerts a direct action on terrestrial magnetism, but
M. de la Rive thinks that this action has been much exaggerated. It would
not surprise him if in the magnetometer there^were eventually found an instru-

ment of meteorology at least as delicate as the barometer.

By the same colleague an account was given of the experiments relative to

electrical cables, which he had witnessed in England. It appears that the ill

success of the transatlantic cable is chiefly to be ascribed to the defective

setting of the soldering, and also to the circumstance that the cable was laid

in such a manner as was calculated to produce ruptures in the isolating en-

velope. Nor is the fact to be overlooked, which has been proved by direct

experiments, that pressure increases the conductibility of the envelope of gutta-

percha, which is not so isolating as has been generally supposed. During au
excursion to the neighborhood of Dover, M. de la Rive took occasion to ob-

serve the application of electrical illumination to light-houses. The electricity

is not generated by a battery, but by magnets of steel arranged on <a circum-

ference before which pass points of soft iron surrounded by a coil and placed
on the periphery of a wheel. To this wheel motion is communicated by a
small steam-engine. The cost of tlje apparatus once defrayed, and this cost

is certainly considerable, the daily expenses are less than those of ordinary

light-houses. We learn from a letter addressed to our colleague by M. Bec-
querel, who has since studied the subject, that the light obtained by the above
means is very constant. A machine of one and a half horse power, consuming,
six kilogrammes of coke per hour, sufiices to produce currents which, issuing

between two retorts of charcoal, give a light equal to 300 wax candles or Vq
careel lamps.

Professor Wartmann reported to the society the researches of M. Magnus
on the conductibility' of gases. When a metallic wire is heated to redness by
the current of a battery, it is found that the duration and intensity of the heat
vary with the circumambient gases ; hydrogen, for instance, conducting heat
as a metal would do. M. Wartmann gave au account also of a memoir of M.
Hike, of Leyden, designed to explain the non-instantaneousness of the propa-

gation of the electric fluid in conductors. He compares the propagation of

electricity to the efflux of water or of elastic fluids under certain determinate

conditions. To conclude what relates to the principal reports concerning elec-

tricity, I may here mention that M. L. Soret presented the model of a new
battery, constructed by M. Delenil, of zinc and protosulphate of mercury,
which, being charged with pure water, exhibited for three months an action

perfectly constant.

The properties of gas have formed the subject of several communications.
M. Marcet called attention to some new experiments of M. Tyndall on their

diathermal power. From these it results that simple gases absorb only 3 per cent.

of the caloric emitted by the source of heat, while compound gases absorb
much more considerable quantities of it ; olefiant gas, for instance, 81 per cent.;

oxygen and nitrogen combined in protoxide of nitrogen, 60 per cent. Vapors
absorb more than gases. M. Marcet likewise cited a memoir of M, Franckland
on the influence of the rarefaction of air upon combustion, and showed that it

may be considered as* nothing. On the other hand, the intensity of light di-

minishes rapidly with the density ; this loss of brightness being, in England,
0.05 to the inch of the pressure of mercury. M. L. Soret repeated before the
society an experiment of M. De villa, intended to show a property of endoa-
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mose of gases in traversing porous earths. This experiment evinces that if,

when a current of hydrogen is traversing a tube of baked earth, we stop the

current, there is a vacuum produced in the apparatus, which can be only attri-

buted to the circumstance that a portion of the hydrogen passes through the

sides of the porous tube. At the same time a certain quantity of atmospheric

air is mixed with the gas remaining in the apparatus.

M. Antoine communicated new researches on the combustible part of the gas

of the fumarolles of Tuscany. Jt is composed in variable proportions of the

marsh gas and protocarbonated hydrogen of double the volume. He con-

cluded with some general considerations respecting the absorption of gases.

From his experiments it results that the complete solution of the gases, on which

liquid reactives exert a special action, depends on the mass of the absorbent

body and on the extent and duration of the contact. M. de la Rive announced

that M. Schoubein, who has been long occupied with the isolation of antozone

or positive oxygen, has arrived at the desired result by the trituration of fluor-

spar in water.

J\I. jMarcet gave an account of a memoir, published in America by MM. Elliot

and Scherer, on the purity of zinc. The purest of all is that of Old Mountain,

and next the zinc of Pennsylvania. On this subject, M. de la Rive announced

that M. Deville has succeeded in obtaining very pure zinc by means of distilla-

tion, and that he has, moreover, discovered a process for procuring it in a very

pure state from the sulphate of that metal. M. Favre referred to some new
experiments of M. H. Deville for the production of artificial minerals. He has

succeeded in producing fluoride of aluminum and staurotide, and has ascer-

tained that a very small quantity of the fluoride of silicon will mineralize a very
considerable mass of base. M. P. Morin communicated an abstract of an analy-

sis which he has made of water from the fountain of Guillot at Evian. The
results are much the same with those obtained by MM. Tingey and Peschier

from the Avater of Cachat. In the present case special attention was paid to

the glairine and the bituminous substance contained in the water of Guillot.

But one communication has this year been presented on the subject of light,

and for that the Society is indebted to a young physicist who is not one of its

members. M. Lucien de la Rive favored us, on the occasion spoken of, with

an account of a new experiment on parallel diffraction, in which he had studied

the image of the sun. As he has announced his intention of presenting a second
memoir on this subject, I shall attempt no analysis of the former, more especi-

ally as it would involve details which the limits of this report will scarcely per-

mit. For a like reason, and because it has been already printed in the Bihlio-

tlieque UniverseUe, I restrict myself to a single notice of the paper read by M.
Thury to the Society, entitled, "Remarks on an article of Silliman's Journal,
relative to Spencer's microscopes and the structure of the wood of the coniferaj

;

and consideiations on microscopes in general." We all remember how many
important remarks on microscopes, and how many practical instructions, as pre-
cise as they arc useful, with reference to the present state of those instruments,
are contained iu the paper in question. As to the pores of the coniferae, con-
trary to the figures given by the American author, M. Thury has satisfied him-
self, by direct observation, that the thin membrane which, according to some
naturalists, forms the base of these pores, really exists, and the organization
remarked by M. Clarke in the old wood can be only the result of an alteration
of the organs.

NATURAL SCIENCES.

In commencing a review of this branch of the occupations of the Society,
geological communications are those which first present themselves. Professor
Favre, having lately visited Amiens in Picardy, gave the results of his exj^Io-
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rations, and submitted some of tlie instruments cut from silex wliicli are found
in the quaternary formations of that, precinct. These axes, as they are called,

occur in the bed of gravel Avhich also contains the bones of animal species now
extinct. In the bed of white sand which overlies the stratum containing them
he met with a geode composed of well-defined crystals of hyaline quartz. The
position of these crystals, as M. Favre maintains, shows that they Avere formed
since man has inhabited the earth. This recent origin of the quartz would ex-

plain how crystals of that substance come to be found on a projecting point of

one of the axesiK3xhibited to the society, since they could only have been formed
after the translation of the gravel and the axes.

From the same colleague we received an account of some geological obser-

vations which he has recently made in Maurienne. On the right bank of the

Arc, between St. Jean and the pass of Encombres, he found that the forma-
tions were folded or bent like the bottom of a boat, while the rock of the coal

formation comprised between the former locality and the tunnel of the Alps
presents, on the contrary, a sort of fan-like structure, and a vault in the eastern

part of this vast group. From these observations he concludes that the forma-

tion which contains tlie anthracites between St. Michel and Modane pertains

to the true coal formation, that it is covered by the triassic rock, and that the

liassic and nummulitic strata occupy, in relation to the other formations, the
same position as in other countries.

A statement was also given by M. Favre of the observations and experi-

ments of M. Daubree ou metamorphism, whereby the latter has shown that, in

explaining this class of phenomena, the action of water is to be taken largely

into account. With these results of M. Daubree our colleague collated the dis-

covery of M. Sozby of the existence, in all granitic quartz, of myriads of small
cavities, filled, some with gas, others with liquid. He further called to our
notice a discussion Avhich had arisen in the G-eological Society of London. M.
Murchison has observed, over a great extent of Scotland, gneiss resting upon
quartz, even argillaceous schists and limestone resting upon granite. This im-
mense group could not owe its origin to a local inversion of strata, like those
observed here and there in the Alps. M. Nicol earnestly contested the exist-

ence of this overlying gneiss. This report gave occasion to M. de Saussure
to remark that M. Logan has described this superposed gneiss as existing in

Canada to such an extent as to exclude all idea of an inversion.

At our last meeting, M. Favre recounted an excursion which he had made
with M. de Morlot to the cone of erosion of the Tiniere, near Montreux, and
explained the theories of that savant on what he calls the Roman deposit, four

feet below the present surface; the dejjosit of the age of bronze, six feet be-

low the former; and, ten feet lower still, the deposit of the age of stone; together
with the reasonsv>n Avhich he founds those distinctions and names.
The Society has been favored by Professor Pictet with numerous communi-

cations relative to paleontology, of which the following are the most important.

First, a notice on the succession of cephalopod molluscs, during the chalk period,

in the region of the Swiss Alps and the Jura. He derives from a detailed study
of the fossils contained in the cretaceous strata of Ste. Oroix, and their compari-
son with cotemporaneous repositories, an argument in favor of the idea pro-

pounded by M. Barrande, that two successive faunas must necessarily have ex-
isted together for some time, and he concludes by showing that paleontological

faunas distinguished throughout by marked characters are not ordinarily sus-

ceptible of any rigorous limitation. MM. Claparede and Favre took occasion

to remark how much the conclusions of M. Pictet must in future complicate the

task of the geologist who undertakes to determine the age of a formation.

Led by his study of the neocomiau fossils to determine a great number of
fragments of unrolled cephalopods, M. Pictet has attentively considered their
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septa, and has found that there is no connexion between the form of these

septa and the generic characters. On the contrary, he has arrived at this

unexpected fftct that the septa have undergone what might be called a sort

of geological evolution. Their form is a character not of the species, but of the

epoch in which the ccphalopod was alive. M. Pictet recognizes the two follow-

ing laws : 1. All the neocomian species have the superior lateral lobe divided

into unequal parts ; 2. The proportions of the inferior lateral lobe vary with

the geologic age. M. Pictet further niformed us that near Montiers, in Switzer-

land, occurs a site analogous to that of Mauremont, formed, that is to say, by
the fauna of the basin of Paris, in superficial rents or fissures. Below, in tho

Jurassic formation, bones of the Megalosaurus have been discovered ; a fact of

interest, because that reptile constituted, with the Iguanodon and the Ileosaurus,

the only great terrestrial reptiles of the Jurassic period. At Mauremont have

been found a jaw-bone of the Ehagatherium and a tooth of the horse and ox,

respectively—teeth, which have evidently proceeded from an intermixture later

than the eocene fauna, which, till now, has been found in Switzerland free from

all accessions.

We owe to the same- colleague an analysis of a memoir by M. Desor, relative

to the question of the fossil man. The author combats the opinion pronounced

by ]\I. Pictet, that there has been no appeai-ance of new species since the com-

mencement of the quaternary epoch, but only extinction of species. To prove

that during the quaternary period new species have appeared, M. Desor remarks

that certain fishes, particularly the Cijprinus idms, are found only in the lakes

of the north of Italy, and these lakes having been filled with ice during the

glacier period, the creation of the fish must have been subsequent. M. Pictet

refutes this remark by observing that when two identical fishes are found in two
basins without communication, we have recourse, in order to explain this fact,

to any other hypothesis rather than that of a special creation for each basin.

On this occasion M. de Candolle called attention to the great difliculty Avhich

exists, in some cases, of comprehending how certain aquatic plants could have
reappeared on our lakes after the glacier period ; though M. Wartmann was of

opinion that their seeds might during the interval preserve their germinative

faculty.

M. de Saussure exhibited the skull of a stag, found in a canal at Lougmalle
(Geneva,) and presenting' a striking peculiarity; it bears the mark of blows
given with cutting implements, and the antlers have been separated by a stroke

of a hatchet. It is probable that this skull was buried in the sands on the bor-

der of the lake in the same manner with the bones which are taken from the

lacustrian sites. Our colleague also submitted to the Society some observations

made in the pass of Bernardino in Oregon. Here are to be seen vast extents

of rocks smoothed as if by glaciers, though without striae ; tho smoothness being
attributable to the action of the sand which, in those regions, the wind ti-ans-

porls in great quantities, while all the edges of the rocks exhibit channelliugs
in the direction of the prevailing wind.
M. de Loriol, then a free associate, presented a memoir on the fossils of the

middle neocomian of Saleve. This neocomian has a peculiar fades, character-

ized by the Ammonites radiatus, which might be named the Jurassic fades,
because all the deposits of the Jura pertain to it. The neocomian of the Voi-
rons and of Slole pertains to the alpine fades, with the deposits of the Alps,
which possess characteristic fossils. These two fades often meet side by side

in the south of France. For four years MM. Pictet and Loriol have been col-

lecting numerous specimens of the fossils of Saleve. The latter has distin-

guished 138 species of invertebrata pertaining to Molluscs, Annelida, Echinidae
and Spongiaria. Thus far he has met with no Polyps. In general the pre-
Bervation of these fossils is imperfect, specimens invested with their shells being
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seldom found. A large number of inside moulds, especially of Mollusks, offer

a singular peculiarity. Certain portions of their surface are covered with ser-

puloe and encrusting bryozoa, which have evidently lived on these moulds.
The middle neocomian of Saleve may be divided into six strata, which present,

paleontologically, certain differences, but which contain an assemblage of fos-

sils pertaining to two distinct faunas, both carefully described and characterized

by M. Loriol.

In answer to some objections of M. Favre to the epithet alpine as applied to

the neocomian fades of the Voirons, M. Pictet pointed out that there are in the
neocomian two very distinct faunas; one of which occurs in the Jura and
throughout France ; the other, whose fossils are wholly different, commences
at Sentis, traverses the small cantons, the Bernese Oberland, the canton of Fri-

bourg, and extends to Ohatel St. Denis and Bex. It is again found at the Voi-
rons, at Mole, whence it stretches along the Isere, traverses the higher and
lower Alps, and following the prolongation of these mountains reaches Padua
and Venice. This fauna is characterized by great numbers of unrolled ceplial-

opods. There are points of contact where these two faunas meet, as if by digi-

tations. Saleve forms a Jurassic digitation, the south an alpine digitation.

Botany has not, this year, played any considerable part at our meetings. M.
Claparede recounted the new experiments of M. Pasteur on fermentation. This
savant has observed that the infusory animalcules which are developed in fer-

menting liquids continue to live when deprived of oxygen. But in the opinion
of all microscopists, these pretended animalcules are in reality vegetables,

which should be classed with the semi-cellular algte.

Professor Wartmann communicated the result of experiments which, at the

request of M. Thury, he had made on the influence which excessive cold exer-

cises upon seeds. Seeds, some of which had been exposed for a half hour to a
temperature of 57° centigrade, and others for twenty minutes to one of 110°,

vegetated, when sown in spring, as well as the seeds of the same species which
had been protected from cold. It results that the greatest cold we can pro-

duce does not destroy or even enfeeble the vitality of seeds.

M. Casimir de Candolle, who was not then a colleague, read a memoir on the

artificial production of cork, which he has had an opportunity of observing
during a sojourn in Africa. This paper having been printed in the sixteenth

volume of the Memoirs of the Society, which will contain the report I have now
the honor to present to you, no analysis of it is necessary. Your president has
also had the privilege of making some communications to you. I submitted to

you my researches respecting the family of the Hypoxylese, (Fyrenomijcetes,

Fr.,) and endeavored to show that to this entire group of fungi should be
applied the same principles of classification which I have adopted for the

tribe of the Hysterinese. This memoir being but the development of § 4 of the

paper which you have caused to be printed in the sixteenth volume of our col-

lection, I refer to that paragraph all who may be interested in the subject. I

took, occasion to bring to your notice the observations of M. de Bary on the

Cystopus Candidas, a minute Uredinea, which forms white spots on the leaves

of the Scorzoneras, in the spores of which the Professor of Fribourg tells us he
has seen, when they are sown in water, the formation of zoospores furnished

with two flagellary cilia. M. de Bary also tells us that, in certain conditions,

he has seen zoospores formed in the tubes issuing from the spores of the cham-
pignon of the potato, (Peronospora devastatrix.) I communicated to you, in

the last place, the researches of M. Hicks on the gonidia of Lichens, from
which it would seem to result that a multitude of pretended aerial Algae,

described under the names of Protococcus, Palmogloea, Sfc., are but stages of

development of these gonidia.

Some very interesting communications on zoology have been received by the

Society in the course of the year. By M. Claparede our attention was called
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to experiments conducted in London, by M. Marcet, with a view of determia-

ino- whetlier tlie toxic action of alcohol makes its impression on the brain

through the medium of the circulation or of the nerves. The experiments iu

question show that the circulation is the essential intermediary. Our colleague

further laid before us the result of researches, in which he has been engaged

for three years, on the evolution of arachnida in the egg, and accompanied

his developments with several plates. A detailed analysis of this remarkable

memoir would involve so many particulars, and necessitate the use of so many
technical terms, that I am with reluctance compelled to forego it. The result

of the phenomena imports that the embryo originally rolled up on the back is

in the end rolled up on the belly. To this memoir M. Claparede added some
expressions on the utility of these embryological investigations in the comparison

of the appendages of the spider with those of other arthropods. He shows

that the protognaths or forciples of the spider are homologues of the antennae

of the larvae of insects and of the antennae of the second pan- of the Crustacea,

while the deutognaths are homologues of the mandibles of the Crustacea and

of insects. M. Claparede also presented us with some drawings of animals but

little known, which he had observed iu the Hebrides. The iirst of these are

representations of two species of worms of the group of the Sipunculoidse.

Another represents an ActinotrocJui hrancJiiata, a marine animal for which
hitherto no place has been found in any division of the animal kingdom. M.
Claparede suspects this strange looking creature to be the larva of a worm.
Lastly, our colleague gave us an account of the physiological researches of M.
Voit in regard to the pearl Unio, and explained the reasons which render doubt-

ful the respiratory functions of the pretended branchia of the Lamellibranch.

M. de Candolle presented, on the part of M. Guerin-Menneville, a report on

the attempts made for the acclimatation, iu France and Algiers, of the silk-worm

of the Ailanthus, (Bombyce cijnthia.)

M. de Saussure continued his communications on the natural history of

Mexico. He spoke Iirst of the Vampiridoa, cheiropterous animals with a pecu-

liar membranaceous foliation seated on the nose, and showed, as specimens,

those particularly of the Mormopsis Blainvillei, which, till now, were found in

no museums but those of Ijondon and Berlin. He afterwards described a Cen-

turio, with a face singularly distorted, and withal more obtuse than that of any
of the Mammals, man included, but with a skull so greatly flattened as to pro-

duce a resemblance to the frog. M. de Saussure further presented a Coati, of

which a new species of late has been erroneously formed.

From M. Humbert the Society received some very interesting statements

with respect to his explorations in Ceylon; and first, in regard to many species

of terrestrial Planai'iaj, of which he exhibited drawings, and several of which,

discovered by M. Humbert, are distinguished by the malleiform or crescent-

shaped enlargement of their anterior portion. M. Claparede folloAved this com-
munication with some remarks on the anatomy of one of these species. M. Hum-
bert proceeded to give some particulars respecting the land leeches, which ai'e

very common, and not a little inconvenient in certain parts of the island—so

common, indeed, that it is impossible to keep goats in such places. At another

meeting he gave an account of the general aspect of the ornithological fauna of

Ceylon, and exhibiting numerous specimens, described the habits of the curious

birds Avhich he placed before us.

I shall have concluded the portion of my report which relates to zoology
when I mention the memoir read at our last session, by M. Victor Fatio, on the

different varieties of frogs which frequent the environs of Geneva. In this

memoir, which is accompanied with colored plates, the author describes, under
the name of Rana gracilis, a new species found in the marshes of Puplinge,
and produces some hue specimens of it.
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The foregoing is but a colorless sketch of the transactions of the Society
during the year which terminates to-day.* Yet, however incomplete, it may
suffice to show that among the members of this association the love of science

and of labor has not diminished, and that it continues to procure, for minds
capable of appreciating them, those pure aad elevated pleasures of Avhich the

study of the works of the Creator is an inexhaustible source. May He who has
placed us in a country so rich in subjects of research and meditation continue

to preserve you, that by your example and instruction you may encourage
those who follow you in life to strive likewise to lift some of those veils which
still hide from us so many mysteries, and worthily to fill the vacancies which
the will of God accomplishes in our midst.

We have this year had but a single loss to lament—that, namely, of our
senior member, Prof. Maunoir. We have not of late seen him at our sessions,

but the former records of the Society attest the interest with which he regarded
its proceedings. In the brief sketch which I can here give, and while regret-

ting that the office of commemorating his eminent merits has not fallen to some
one better qualified, I shall be held excused if I touch rather on those works
of our deceased colleague which bear a direct relation to the physical and natu-

ral sciences than those pertaining to the art which he practiced with so much
distinction.

Jean Pierre Maunoir was born October 10, 1768, at Geneva, and was led at

an early age, in the pursuit of his surgical studies, to visit first Paris and
afterwards England. The first publication by which he became known was
published in 1812, and was entitled Phijsiological and practical memoirs on
aneurism and the ligature of the arteries. His reputation was still further

extended by his writings on the organization of the iris and the operation for

artificial pupil, in which he demonstrated that the iris is composed of a double

muscular system, of fibres disposed in radii, proceeding from the larger border

of the iris towards the centre of the pupil and of circular fibres surrounding

the pupil like a ring. He applied his views on the function of these difterent

fibres to the operation for artificial pupil, and succeeded in a great number of

cases in obtaining pupils whose form was exactly that which was indicated iu

advance by the arrangement of the muscular fibres divided. The reputation

which these publications procured him was advanced to a still higher point by
the address, the skill, and the presence of mind which he brought to such deli-

cate operations as those Avhich regard the sight. I pass over various disserta-

tions by our colleague on subjects of surgery, on the medullary fungus and
hematodes, (1820,) on hydiocele of the neck, on amputations and immedi'ate

reunion, on cataract and the means of remedying it, in order to notice an essay

published iu 1842 on the adjustment of the eye to difierent distances. He
attributed this faculty to a change of form iu the ocular globe produced by
the contraction of the external muscles. The recent progress eft'ected in the

anatomy and physiology of the eye no longer authorizes us to admit this con-

clusion, but teaches us to seek the explanation of the phenomenon in the inte-

rior of that organ and in the movements of the crystalline. The diversified

labors of Maunoir procured him many honorary distinctions. Without speaking

of the jilace he occupied in the scientific societies of Geneva, I shall merely

recall that he was a correspondent of the French Institute and an associate of

a great number of learned societies of the highest distinction in Europe and

even in America. He loved science in all its branches, and those of us who
remember his attendance at our meetings will not have forgotten the intelligent

"(.June 13, 1861.) It should be added, to justify more fully the expressions above em-
ployed, that many publications by members of the Society, and some of them among the

most important, are not mentioned at the meetings.
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interest witli wliicli he addressed his inquiries to the authors of the memoirs

there read, in order to develop a clearer idea of the theories advanced or the

facts recounted. Nor will they foil to recall the kindliness of his manners, the

promptness to oblige, and the perfect good-will which marked all his conduct

toward his colleague's. It was on ihe 17th of January last that he terminated,

at the age of 92, his long and admirable career.

The loss thus sustained by the Society has found a compensation in the acces-

sion of two new members, MM, Perceval de Loroil and Casimir de Candolle.

In connexion with the latfer nomination, it may not be amiss to say that no

more agreeable duty could have attended the discharge of my functions as

president than that of signing the diploma of membership of the son of the

excellent colleague who is to succeed me in this chair, and grandson of the

distinguished master who once honored me with his counsels, his instructions,

and his friendship.

After what was said by my predecessor, M. Pictet, in the annual report of

1860, respecting the incorporation into our body of the Free Associates, I need

only add that we have had no cause to regret this change in our organization.

The regular attendance of several of them has contributed much to the inter-

est of our sessions, and we may hope that they will in future take even a

still more active part in our deliberations and enhance their favors by occa-

sional communications. Alas, while writing these lines I cannot forget that

two of the names which we had gladly inscribed on our lists will next year be

no longer found there, and that the void which they leave is but an imperfect

symbol of the greatness of the loss, not only to their families and friends, but

to the community and the country. The two free associates whom we no

longer possess are the former syndic, M. Barde, and Dr. Rilliet.
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TRANSLATED FOR THE SMITHSONIAN INSTITUTION BY C. A. ALEXANDER.

Gentlemen : In presenting, as a rule of the Society requires, a review of
its transactions during the past year, I find my task singularly facilitated by
the exactness with which your proceedings have been recorded by our learned
secretary, M. Claparede. Yet I am sensible that, as regards the relative length
of the articles, the same rule will not apply to his labors and to mine. An
analysis, however abridged, of memoirs already published or about to appear
in the forthcoming volume of our series, would be little less than absurd. Our
reports are addressed to men of special culture, who prefer to consult the origi-

nal work, and are by no means embarrassed by the necessity of recurring, for

instance, to the Bibllotheque Unlverselle, or the Memoires of our Society. I
shall, therefore, simply indicate in many cases the place Avhere dissertations

are to be found which occupy a large space in our records, while other motives'
will induce me to pass rapidly over certain communications which possessed,

at the moment, a lively interest. I speak now of the information given respect-

ing discoveries made in various countries respecting new works and the opin-

ions delivered by learned men on controverted subjects. Communications of
this nature, always numerous and varied, while they keep us apprised of the
progress of science, and assist us in forming an opinion of men and things,

have in them either nothing original, or if anything original and of intrinsic

interest, it consists in the opinions pronounced regarding some work or method
or theory ; and it is obvious that, in order to remain habitually frank and un-
reserved, appreciations thus verbally given should not be made public. One
of the charms of our association consists in conversation upon our own labors

or those of learned foreigners. Let us preserve for this part of our exercises

the advantage of being undivulged ; it is one which, to a society like ours,

limited, confidential, and unofficial, it would be annoying to lose. I shall pro-

t;eed now to enumerate the series of our labors, classing and abridging them,
and also suppressing much for the reasons just assigned.

ASTRONOMY.

To Professor Gautier we are indebted for an account of the observatories

of Zurich and of several cities of Germany which he has had an opportunity
of examining in detail. He has also, in numerous and varied communications,
kept us informed of the advances made in astronomy. His views respecting

comets* have been developed and completed in reference to an article in the

* RcsurnS de divers travaux recents relatifs aux. cometes. (Biblioth Univ., Archives des
Sc. Pliya. etNat., Fevrier, 18G2,)

18 S
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Bihliotheque TJniversellc, published during the present year. Colonel Gautier

also favored us with observations made by himself, particularly those relative

to the solar eclipse of 1S60; while Professor Plantamour has continued to insert

in our Memoires the series of astronomical observations made at the observa-

tory of Geneva.

PHYSICS.

Is it among cosmic phenomena, or those which fall within the province of

terrestrial physics, that we should class the aurora horealis ? This question is

no longer an open one since our learned colleague, M. de la Rive, has made it

the subject of his profound research. On different occasions, and especially in

an extensive memoir now in course of publication in our collection, he has fur-

nished the proof that the boreal and austral auroras are a phenomenon produced

in the highest region of the atmosphere by the encounter of opposite elec-

tricities. The higher region is habitually charged with positive electricity,

while the earth is ordinarily negative, and the lower stratum of the air acts as

an isolating medium. The winds drive the electric vapor ttjwarda the two

poles where the discharges take place. M. de la Rive holds that, according to

the laws of terrestrial magnetism, an equal conductibility of the maritime or

wet surfaces being assumed, the manifestations ought to be simultaneous at

both poles, and he insists that observation has in fact confirmed this simulta-

neousness. In order still better to demonstrate his theory, our ingenious^col-

league has had an apparatus constructed representing the teiTestrial globe, and
so arranged as to be capable of realizing all the conditions of magnetism ; and
with this, by the application of electricity, he has produced the different phe-

nomena of the aurora, its glimmering light, its luminous jets surrounding the

poles, &c., exciting the admiration even of those who take little interest in the

theoretical question or the difficulties necessary to be surmounted in procuring

so decisive an imitation. In this apparatus, constructed at Geneva, in the

atelier of Professor Thury, and under the direction of M. Eugene Schwerd, a
sphere of wood represents the terrestrial globe. It is so contrived as to pre-

sent at the extremities of its horizontal axis two magnetic poles, around which
the discharges of a Ruhmkorff apparatus produce luminous effects. The sur-

face of the globe having been moistened, is covered here and there with small

metallic plates, from which proceed wires terminating in a galvanometer at

some distance. The deviations of the needle, when the polar discharges take

place, are analogous, in their minutest phases, to those manifested in the com-
mon telegraphic apparatus during an aurora borealis. A peculiar arrangement
allows of the artificial reproduction of the perturbations of the magnetic needle

which accompany the auroral phenomenon. The memoir of ]\I. de la Riv3
comprises a discussion on the nature of these perturbations and on the direction

of the electric currents to which terrestrial magnetism is attributable. It is

enough to announce these investigations to attract to them the attention of

physicists.

M. Wartmann, senior, being, in September last, at Cologny, and therefore at

a certain elevation above the left bank of the lake, several times observed, half

an hour after the setting of the sun, singular effects produced by mirage. On
the other side of the lake, or rather towards the middle of it, an island would
make its appearance, presenting ranges of trees in a reversed position, while
beyond this isle the lake retained its usual liquid appearance.

Professor "Wartmann, junior, repeated before the Society the recent experi-

ments of M. Plateau on bubbles of soap, of varied forms as well as much per-

sistency, obtained by mixing with soapsuds a small quantity of glycerine, and
causing the bubbles to attach themselves to iron wires an-anged in different

manners. At a subsequent session M. "Wartmann exhibited an apparatus of

the same kind, still more varied, so as to produce more perfectly than by former
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processes the phenomena of coloration in extremely thin surfaces of the liquid.

The dark part presents not more than jotVoq ^^ ^ millimetre, whence we may
conclude, says M. Wartmanu, that the radius of the sensible activity of molecu-
lar attraction is below 2W0I) o ^^ ^ millimetre.

M. de la Rive submitted to inspection a minimum thermometer of Casella,

an ingenious instrument, in which, instead of a movable index, there is a lateral

reservoir adroitly constructed, into which the mercury flows Avheti it rises. M.
P. Plantamour described to us the injector of Gifi'art, designed as a substitute

for the supply pump in steam-engines. M. Eugene de Morsier exhibited a
crust taken from boilers of those engines, which is impenetrable by Avater,

and thus gives rise to accidents.

Our regretted colleague, M. Hitter, of whom I propose presently to speak,
had presented to the Society a curious memoir* on the gamut of the mathema-
ticians compared with that of the musicians. M. Alexander Prevostt subse-

quently analyzed this memoir, and, after deducing from it certain consequences,
proceeded to compare them with the opinions and practice of musicians. Both
memoirs having been published, we merely indicate them to the savants who
interest themselves in questions of this nature.

Professor Plantamour and M. Hirsch, director of the observatory of NeuchA-
tel, have commenced a series of observations to determine the relative position

of Geneva and Neuchatel, by availing themselves of the electric telegraph.

I'he highly improved instruments would have yielded satisfactory results had
not causes arising out of the state of the sky and of the telegraphic lines inter-

rupted the proceedings. The observation from Neuchatel to Geneva gave a.

difference of longitude amounting to 3' I2".22; but when the observers would
haA'e changed their stations, in order to eliminate the personal equation, the sky
had become overcast, and a derangement of the line prevented a prosecutions

of the work. The meteorological observations of the Great St. Bernard, com-
pared with those of Geneva, have long been a subject of investigation, but suc-
cessive improvements in the systems and processes of observation had rendered,

desirable a comparison after the lapse of the last twenty years. This has been,

undertaken by M. Plantamour in a first memoir relative to St. Bernard, pub-
lished in the BihUotJi.cquc U/zircrscl/c, January, 1862, under the title of Kotes:

on the 'periodical variations of tewperahire and atmospheric pressure at the

Great St. Bernard.

A memoir by J\I. Ch. Martins, on the increase of temperature during the night,

above the surface of the earth to a certain height, has given occasion to M».

Marcet, who had been previously occupied with this subject, to make new ex-

periments. They have confirmed certain differences which he had remarked
between his own facts and those observed by M. Martins at Montpellier. A.
new series of observations Avas undertaken by M. Marcet with the view of

determining whether the decrease of temperature exists above an aqueous sur-

face of great extent. He ascertained that the phenomenon does not occur above
water, and that it is even scarcely sensible in the immediate neighborhood of

a large liquid surface, so that in effect there is, at the moment of the setting

of the sun, a difference of from 2"^ to 3^ between the temperature at a certain

height above the land and above the water. The memoir of M. Marcet was
published in the Bibliotheque UniverseUe, November, 1861.

M. Soret has visited the glacier of Shafloch, which M. Thury had examined
the yetr before, and remarked the aureola structure previously noticed. He
observed, moreover, that the entire surface of the ice was covered with small

striae nearly parallel in each aureola, but not having the same direction in the

difi'erent fragments. These small striae, which were also observed by M. Soret

* Memoires de VInstitut Genevois, in quarto, vol. viii.

t Biblioth. Univ. Archives des Sc. Phtjs. cl I\at., Apiil, 18G2.
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ja some parts of tlie ice of the glaciers, might he compared, as regards appear-

ance and size, to those presented by the skin at the extremity of the fingers.

The river Orbe, from observations of M. Chaix, has not the same tempera-

ture with the hike of Brenets; the lake showing, July 4, 1861, 18° at a rather

shallow point, and the Orbe 11° at the point of its issue. This is attributed

by M. Chaix to four affluents, with a temperature of about 6j degrees.

General Dufour brought to the notice of the Society operations in progress

on the territoi-y of Switzerland for the measurement of an arc of the meridian

directed from northern Germany to^vards Italy.

M. Henri De Saussure exhibited a chart of the environs of Mexico, drawn

from observations of his own combined Avith former maps.

GEOLOGY AND PALEON'TOLOGY.

Several geological charts in course of publication have been communicated

to us. One of them is the topographical chart of the canton of Vaud, on a

scale of joolTo' '^'hieh the government of that canton has ordered, and the

coloring of which ou geological principles has been committed to M. Renevier.

Another relating to the geology of Savoy has long occupied the attention of

11. A. Favre, who favored us with a view of the topographical chart which is

to serve him as a base, as well as a chart of the environs of Mont Blanc, geo-

logically colored by hand. An account was given us by the same member of

the meeting, last year, of the Geological Society of France, in Savoy, and of

the researches of M. Heer ou the climate and vegetation of the tertiary epoch,

a subject which has also been discussed by one of our own members in the

Bibliuthcque IJniverseUe.* We are further indebted to M. Favre for a view of

certain plates designed to popularize the ideas and facts of geology and physi-

cal geography among the English people. Among communications relating to

the pursuits of different savants, I must not forget an interesting account by
Dr. Claparade,t of observations made in Sweden and Norway, on the succes-

sion of levels in the Scandinavian peninsula, and on the Crustacea discovered

at the bottom of lakes, after existence had been predicted ; the lakes having

been heretofore in communication with the sea, and being even below it. 1'hese

Crustacea have been found to be analogues of, or similar to, species existing

further north in the polar seas.

The mountain of Saleve, explored by Deluc, De Saussure, Nccker, Alph.

Favre, and so many other .geologists, and which is known among the Genevese

as " if7/e mountain," so great is the partiality with which they regard it—this

mountain has in the course of the year been the scene of unexpected discoveries

and observations.

In their casual w^alks, MM. Gi'asset, Chomel, and Revon had observed four

caverns situated above the village of Coin, and had brought away some bones

and fragments of pottery, which seem to belong to the epoch called the age of

bronze. Professor Thury, on this discovery, caused excavations to be made in

one of these grottoes, and found, at the depth of half a metre, the remains of a

fireplace or hearth, with tracks leading to it. lie supposes that some of the an-

cient inhabitants sought refuge in these caverns, to esca2}e the consequences of

an invasion ; and he proposes to prosecute his researches to more decisive results.

It is the position of Saleve, however, which is perhaps the most extraordinary

feature of the mountain. It shuts in our valley with a lofty calcareous ram
part, forming a natural limit, which the policy of states has alone refused tc

recognize. M. Favre has determined the cause of this abnormal position.

Saleve stands in the continuation of a great anticlinal line—that is, of a line of

* M. Alph. de Candolle, May, 13G2.

iJJibliuth. Univ. Archives, April, \6ij2.
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dislocation and plissement, distinguishable from the banks of the Isar, in Bava-

ria, as far as Lausanne, and continued, according to M. Favre, by the uplands

of Boisy, in Chablais, and by Mount Saleve. The direction of these points is

in a right line, as M. Favre has shown on a geological chart of Switzerland.

Thus the molasse has been cleft throughout this whole line, and the subjacent

Jurassic limestone been lifted up'—at no point, however, so high as on the site

of Saleve.

One of the L'tst excursions of M. Favre was around Mont Blanc, in which

he especially examined the Bas-Valais, and found at Mont Chemin, near Mar-
tigny, bclemnites pertaining to the lias, which are found above the cargneule

representing the lias. He found on the mountain of Maya, near the col Ferret,

echini and fragments of the branches of encrinites which characterize the up-

per Jurassic formation. The deposits in question are at about iifty feet from

granitic rocks of Mont Blanc, and are covered by considerable masses of crys-

talline limestone.

Professor F. J. Pictet read a memoir on the unrolled ammonites of cretaceous

formations. Till now these fossils have been found only in fragments, and it

was easy to attribute to two distinct kinds, portions of the same animal. The
author has pointed out many similar errors, which he has been enabled to cor-

rect by means of more complete specimens This memoir will form part of

M. Pictet's work on Swiss paleontology. In a note on the parallelism of the

middle and upper cretaceous faunas, M. Pictet has aimed to show that the dis-

tinction made by Orbigny, of eight cretaceous stages, although holding good as

to large tracts, is insufficient for the study of details and of the succession of

faunas. He compares the middle and lower stages of the Swiss Jura, the north-

west of Germany and the south of France, and confirms the observation of M.
Lory that the neocomian faunas differed according to their geographical posi-

tion. Not that they have varied uniformly over their whole extent. By the

side of numerous analogies we see local differences which evince either migra-

tions or different, although simultaneous, physical influences. In the discus-

sion which ensued upon the reading of M. Pictet's memoir, some difficult ques-

tions of science were broached. Among other things, the proximity, sometimes

considerable, of analogous formations furnished with different fossils, was spoken

of, and facts of the same nature were pointed out by M. Oiaparede in the dis-

tribution of existing faunas, according to the depth of closely neighboring arms

of the sea.

The curious discoveries of M. Lartet, tending to prove the antiquity of the

presence of man in western Eui-ope, were the subject of communications from

M. Pictet, which he has published in the BibJiotheque Universelle for 1861.

Trofessor Thury stated his objections to the opinions of M. Marlot on the

time occupied in the formation of the cone of Tinere, at the east extremity of

Lake Leman. He has attentively explored the valley whence proceeds the det-

ritus borne towards the lake, and he does not think that it can have furnished

materials with the regularity supposed. On the contrary, it appeared to him
that the quantity of material removed from the surface must have frequently

varied.

ZOOLOGY.

M. Pictet exhibited moulds from two skulls of gorillas, whose diversity is

sufficiently great to induce a suspicion of the existence of two distinct species.

Dr. Dor presented important memoirs on vision, as well in man as in certain

classes of animals. The author attributes myopy (short-sightedness) to a too

great length of the axis of the c?ye, while the opposite imperfection (hypenne-

tropy) results from too short an axis. He has found between a myopic and a

hypermetropic eye a difference of as much as fourteen millimetres in the length

of the optic axis. M. Dor carefully distinguishes the effect of age on the
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accommodation and refraction of tlie eye. In a subsequent memoir he Las

reviewed the opinions of M. Bonders on astigmatism or irregularities of refrac-

tion in the larger circles of the eye, an irregularity which always exists, more

or less, but which in some cases may considerably alter the vision. The irreg-

ular curvature of the cornea is ordinarily the cause of it, but that of ihe crys-

talline also exists, and the result is that cylindrical glasses of different focal

power may be eligibly employed. Numerous details ai-e entered into respect-

ing the eftects of astigmatism and the proper means for ascertaining the cause,

as well as supplying a remedy by a judicious choice of glasses.

The composite eyes of arthropods form the subject of a special memoir by
M. Dor, printed in the Blbliotkequc UmverseUe for December, 1861. In this

the author, after reviewing the opinions propounded by anatomists, gives an

account of direct experiments made by himself on the transmission of images

through the cornea of sundry insects, and arrives at the conclusion that every

facet of the composite eye is analogous to the single eye of one of the verte-

brata—the cupuliform envelope being analogous to the retina.

M. Claparede read a memoir on the oligochetous worms of the environs of

Geneva. These animals, having until now been little studied, have conse-

quently presented a great number of new species and even new genera.

Figures delineated by the author make us acquainted with some of them, but

his chief object has been to describe the singular modifications of the repro-

ductive apparatus. This apparatus, analogous to that of certain annelida

(Pachydrilus) previously described by our author, shows that the excretory

organ of the segments becomes now a vas deferens and an oviduct, and now a

receptacle of the semen. The oligochetoe live in fresh water, but as marine ani-

mals always offer a wider field to the researches of zoologists, our learned sec-

retary has not failed to visit, as often as circumstances would permit, the shores

of the ocean. A sojourn in Normandy has enabled him to study the Turbel-
laria and the Tubularia, whose deveh)pment and mode of reproduction ofi'ered

him some remarkable peculiarities. As one of the fruits of this excursion, he
has designed a series of plates relative to the embryology of marhie worms,
which were exhibited to this Society. Dr. W. Marcet communicated to us
from London the result of some observations which he has been making on the
gastric juice of the dog. When this juice is secreted under the influence of
cartilaginous bones, it contains a peculiar substance analogous to the peptone
of Lehmann.

BOTANY.

Professor Marcet presented an analysis of the labors of M. Daubeny on the
absorption of difiereut substances, particularly poisonous ones, by the roots of
plants, (Biblioth. Unic. Archw. Sc, February, 1862.) M. Thury, who has
been for some time occupied with a treatise on vegetable physiology, recapitu-
lated the experiments of divers authors on the transpiration of vegetables ; he
has repeated many of them, and among other results has satisfied himself that
the phenomenon, as had been asserted, continues Avhen the plant is placed in
water.

It has been said that the egret or tuft of the compositse is often separated
from the body of the grain, and hence does not favor the dissemination, as had
been supposed. M. Thury, having observed on one of the summits of the
Jura large quantities of the grains of the Cirsium transported thither by the
winds, ascertained that three out of thirty stdl bore the seeds with them. The
compiler of the present report, being in habits of correspondence with divers
travellers, communicated interesting letters from M. Sagot on the flora of
Guiana, aud of M. Welwitsch on the vegetation of the high country of Huilla,
in the interior of southwestern Africa, (Biblioth. Univ., July, 1861.) M. Duby
gave an account of a memoir published by M. Bail on an hypoxylon which
propagates its mycelium in the interior of aged trunks of trees.
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M. J. MiilTcr, of the canton of Aargau, presented an important memoir on
the classification of lichens and on the species of the environs of Geneva.
The total number of our lichens exceeds 500, which the author enumerates
and gives the description of 20 new species. The principles of classification

adopted by M. Miiller are analyzed and developed in the forthcoming volume
of our Memoii-s. There can be no doubt that it will attract the attention of

lichenographers, seeing that this branch of botany has fallen into singular con-

fusion resulting from the multiplicity of new characters and novel ideas intro-

duced into it.

Local botany and descriptive botany scarcely adapt themselves to public

lectures ; our sessions, therefore, give but an inexact idea of the researches of

several of our associates in these two departments of the science. I shall

content myself with mentioning that M. Renter has published in the course of

the year a second and much augmented edition of his Catalogue of vascular

plants of the environs of Geneva, and M. Boissier an important monograph of

the tribe of the Euphorhioe, in the fifteenth volume of the Prodromus.
Db Candolle Prize.—The quinquennial prize, founded by A. Pyramus de

Candolle, for the best monograph of a genus or family of plants, has this year
claimed the attention of the Society. Contrary to what has heretofore oc-

curred, our own countrymen have not entered into the competition for it. Two
memoirs have been received. One of these was from M. de Bunge, professor

in the University of Dorpat, on the Anabaseoe, a tribe of the Salsolaceas or

Chenopodiacese. The author having explored the shores of the Caspian sea

and the interior of Persia, has there discovered several species of these plants,

and the affluence of the materials at his disposal has enabled him to compile a
very complete monograph. He has enlarged the number of genera from
twelve to sixteen, while that of species continues to be sixty, notwithstanding

the assignment of fourteen new species. Four charts or tables added to the

text indicate the geographical distribution and relative affinities of the genera.

The descriptions, given in Latin, are greatly developed. The second memoir
was from M. Bayer, inspector in chief of the Austrian railroads. The author

treats of the genus Tilia, in relation principally to the numerous modifications

of specific forms. He has tried a new system of notation, by letters, to ex-

press the varieties and subvarieties, each letter indicating a certain modification

of character. This original idea deserves attention under a practical point of

view. It is difficult to determine whether it would adapt itself to more nu-
merous genera and to modifications of very different value which exist in cer-

tain groups. The jury which you nominated to decide between the com-
petitors was struck with the value of the two memoirs submitted to them,

both seeming to deserve high approbation
;
yet as there was but a single pre-

mium to award, it was considered that the monograph of M. de Bunge possessed

superior claims on account of the number of species studied, the difficulty of

the analysis, and variety of questions examined. The Imperial Academy of

St. Petersburg, to which the author belongs, has equally appreciated the im-

portance of his work, and directed it to be inserted in its memoirs.

" personnel" of the society.

Since the last report our regrets have followed to the grave three of our col •

leagues : MM. Elie Ritter, L. A. Necker de Saussure, and Louis T. F. Col-

ladon. The first, one of the most active and efficient members of the Society,

fulfilled, for sixteen years, the exacting functions of secretary. When he re-

signed that office it was not with a view to withdraw himself from the claims

of science and of our association ; on the contrary, he ceased not to furnish his

regular tribute of memoirs and communications on the most varied subjects.

His treatise on the mathematical theory of music, of which I have previously

spoken, but a little preceded hia death, which occurred March 17, 1862, in the
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61st year of his age. Devoted by clioice to the career of instruction, he had

been regent of the college in the department of mathematics, and was prin-

cipal of the seminary for young females since 1855. He was thus led to the

publication of elementary works, which have passed through several editions

;

but his views were always raised to the higher regions of science, and the list

of his works furnishes abundant proof that he maintained himself on no infe-

rior level in mathematics as well as astronomy and physics.

The two others whom I have named were emeriti of the Society. Louis A.

Necker de Saussure, born April 10, 1786, felt the inffuence though he did not

enjoy the personal instructions of his distinguished grandfather, Horace-Bene-

dict dc Saussure. The school of that great geologist had already evinced its

influence in the exact experiments of Theodore the uncle, and in the judicious

observations, though different in nature, of Mme. Necker de Saussure, mother

of the subject of this notice. Nor did he himself delay in giving proof of the

hereditary turn for science, his first publication, on the migration of birds, hav-

ing been prepared at the age of 19 years. Still later he communicated, for the

memoirs of our Society, a highly interesting enumeration of the birds of the

environs of Geneva, a paper tilled with well-observed facts, and attractive even

to readers unacquainted with ornithology. After completing his studies at

Edinburg, in 1807, a period at which he could scarcely escape the influences

of the conflict which then prevailed between the partisans of Hutton and Wer-
ner, he travelled iu Scotland as far as the Hebrides, and formed a taste for the

wild scenery and hospitable society of that country which evinced its force at

a much later period of his life. On his return to Geneva, he gave to the pub-

lic in three volumes an account of his excursion to the Hebrides, which were

then but little visited, and while availing himself of the great variety of objects

to add a more popular charm to his work, fails not to give proofs of a spirit

kindred to that of the author of the Voyage dans les Alpes. In his memoir on

the Valley of Valorsine, published in 18:^8, which I regard as one of the best

of his works, he still occupies the same field of study and of ideas with his

celebrated ancestor, while in the later work Etudes Geologiques dans les Alpes,

(1841,) he rather attaches himself, by the nature of his observations, to the

modern school of Constant Prevost and Sir Charles Lyell. In this latter work,

Avhich was the first of the numerous series published by our cotemporaries on
the more modern stratifications of our valley, the environs of Geneva are investi-

gated, in view of the influence of existing causes, with especial care. Sharing

the prevalent enthusiasm at the period of the Restoration, Louis Necker, for a

while, bore arms; but the tendencies subsequently developed had separated him,

since 1832, from all political affairs. In 1810 he had been appointed professor

of geology and mineralogy in the Academy of Geneva, and made his zeal par-

ticularly conspicuous in the administration of the Museum, to which, in con
junction with MM. de Caudolle, Deluc and Mayor, he contributed a series of

lessons in zoology, for the benefit of that rising establishment. The best of

his instructions, however, were his conversation and example, while traversing

the mountains with a company of pupils. In 1823 De Caudolle and he con-

ducted an excm-sion for the purpose of study into the Chablais, and if the twelve
young men who had the advantage of following them did not become natural-

ists or geologists, it was assuredly not the fault of their professors. Ou these

occasions Necker possessed a gaiety truly inspiriting; nor were his accuracy
of vision and method of observing less noticeable. After returning from Scot-
land, he had traversed the interior of France, a part of Italy, the western and
also the eastern Alps, having made excursions of great interest into Styria and
Caniiola, his explorations on the banks of Lake Leman were incessant. With
a view to the recovery of his somewhat exhausted strength, he again passed,
in 18^9, into Scotland, and the equal and humid climate of that country being
found to agree with a too susceptible nervous system, led him to fix his residence
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definitively in tlie remote island of Skye, on the western coasts of tlie kingdom.
This man of cultivated mind and social qualities, cherished by a large cirple of
relatives and friends, deeply attached to Geneva, and after Geneva preferring

Edinhurg, where he had been happy in his youth, passed the last twenty years
of his life in a profound solitude at Portree, a small hamlet of fishermen, on an
island covered with mists and half desert ! Ilis health and temperament ac-

commodated themselves to the situation. He still indulged his studious tastes.

He observed whatever can be observed at Skye ; thp. barometer, the thei'mome-

ter, the opening of the scanty flowers, the arrival of migratory birds. Thanka
to his meteorological observations, he could foretell tempests, and the humble in-

habitants of Portree, whose lives are often exposed at sea, consulted this learned

stranger with the white beard with a respect not immingled, we may suppose,

with s<?me superstitious misgivings. Walter Scott would have certainly made
him the hero of some romance.

Necker died at Portree, November 20, 1S61. He had long before presented
his collections in natural history to the Museum of Geneva, and 1 am now
charged, by his nephew, M. Theodore Necker, with the acceptable duty of of-

fering to this Society the notes taken during the last years of his life in Scot-

laud, in order that examination may be made whether they contain anything
from which advantage may be derived to science.

The third of our number whom we have lost, Louis T. F. Colladon, was born
at Geneva, August 25, 1792. Having proceeded, after the usual preliminary
education, to Montpellier, he was there kindly received by A. Pyramus de Can-
dolle, who admitted him into a small i^arty of special pupils, destined by the
professor to the cultivation of botany. Under this influence and instruction,

the proficiency of Colladon was evinced by the production of an esteemed mono-
graph on the genus Cassia. Having graduated in medicine, he repaired to Paris,

where his success in practice was satisfactory. That he carried both zeal and
conscientiousness into his profession was shown by the courage and humanity
with which, after having already retired from practice, he devoted himself to

the care of the sick during the fearful cholera of 1832. Our colleague pub-
lished an account of a descent into the sea in a diving-bell, (1816,) and a trea-

tise, translated from the English, on deformities of the spinal column and the
means of remedy, (1826.)

Among associates at large, (associes llhres,) we have to deplore the recent
loss of M. Charles Pictet, a young magistrate who would have rendered good
service to his country. A distinguished talent for design often enabled his

brother, M. Pictet de la Rive, to employ the resources of his pencil for objects

of natural history.

The Society has recruited its ranks with two regular members, M. Alois Hum-
bert, keeper of the Museum of Natural History, and M. Miiller, author of several

works on botany. At this time we number 36 regular members, 3 emeriti, 61
honoraries, and 35 associates at large. Our sessions have been well attended

;

the collection of memoirs increases each year by half a volume; scientific zeal

seems in nowise diminished ; we can therefore, I think, felicitate ourselves on
the progress ®f the Society, and with satisfaction observe its entrance upon a
new year.



ON THE CRANIA HELYETICA-

BY FREDERICK TROYON.

To the Secretary of the Smithsonian Institution:

Sir: I take the earliest opportunity of acknowledging, with many thanks,

the receipt of the publications which you have been so kind as to send me on

the part of the Smithsonian Institution, namely

:

Smithsonian Report, 1862.

Ancient Mining on the Shores of Lake Superior.

Dictionary of the Chinook Jargon.

Comparative Vocabulary.

Instructions relative to Ethnology and Philology.

Annual Report of the Museum of Comparative Zoology.

Proceedings of the American Philosophical Society, Nos. 69, 70.

I propose soon to send you the new edition of my work on Lacustrian habi-

tations, hoping that the copies which I offer will be accepted, not as a requital

for your favors, but as a slight testimonial of my thanks and my high esteem.

I know not whether you already possess the work which MM. Rutimeyer
and His, professors of anatomy at Basle, have recently published on the Crania
Helvetica. However this may be, I am persuaded that you will not regard as

inopportune a few observations on the subject of that interesting publication.

The authors distinguish, in reference as well to ancient as modern times,

four different types of human skulls, which they designate from the names of

the localities where the best specimens have occurred, in order not to prejudge

results or historic questions. These types are those of Sion, in the Valais ; of

Hohberg, in the canton of Soleure ; of Bel-Air, in the canton of Vaud ; and of

Disentis, in the Grisons. The following are the figures of these four types re-

duced to the fourth of their natural size :

I.

—

Sign Type.
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II.—HoHBERG Type.

IV.—Bel-air Type.

IV.—DisENTis Type.

The basis upon which these different types are founded must be sought in

the Crania Helvetica. I will only add that it is to the age of iron in Switzerland,

i. e., to the five or six centuries which preceded the Christian era, the Sion type
(I) is to be referred. The Hohberg type (II) answers to the Roman period, or
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the first four centuries of our era. The type Bel-Air (III) only makes its ap-

pearance in the tombs of the Merovingian period ; and the type Disentis, (IV,)

which is the most widely spread in the Switzerland of modern times, was like-

wise that of the age of stone in ancient Helvetia. There is a very similar type

found in the most ancient tombs of the Scandinavian countries ; but according

to a late communication which I have received from Baron Von Duben, pro-

fessor at Stockholm, the Sion type also existed in Sweden in the age of stone.

A considerable number of the many skulls, whose figures are given by MM.
His and Rutimeyer, form part of my own collection, and of these I have de-

rived some very remarkable specimens from an extensive cemetery, situated at

my country seat of Bel-Air, near Lausanne, which I have been exploring for

several years. It was in this cemetery that I found the annexed skull, (V,) the

only one of its kind, and in some respects like those of the ancient Peruvians

;

but this having been already published on more than one occasion, I shall ab-

stain here from any comments in regard to it, in order to draw your attention

to an observation of a more general nature.

The tombs of Bel-Air, superposed in three successive layers underground,
pertain to the period which elapsed from the fall of Rome to Charlemagne. I
have explored since 1838, in the canton de Vaud, a great number of cemeteries of
the same period, and notwithstanding the variety of skulls that are found of the
same epoch, I observe that the prevailing type in these sepulchres is of an
elongated form, whose anterior development is in general very slight. This ob-
servation is of interest in view of the fact that these tombs contain the remains
of the true ancestors of the present population of the canton de Vaud, and that
the general form of the slaills of this country presents, in modern times, less
posterior development and a more rounded outline—a form, therefore, more ad-
vantageous in an intellectual point of view. We have here, then, a population
in which we may remark that, notwithstanding the persistence of certain types,
civilization has had for its result a sensible modification of the enccphalon in an
ascending scale, a direction in which progression is always much slower than in
the opposite one of degradation.

Permit me, sir, with this remark, to renew to you the expression of my most
distinguished consideration.

-r ^r 7
FRED. TROYON.

Lausanne, November 10, 1864.



EXPERIMENTAL AND THEORETICAL RESEARCHES

ON

THE FIGURES OF EQUILIBRIUM OF A LIQUID MASS

WITHDRAWN FROM THE ACTION OF GRAVITY, &c.

BY J. PLATEAU, PROFESSOR IN THE UNIVERSITY OF GHENT.

TRANSLATED FOR THE SMITHSONIAN INSTITUTION FROM THE MEMOIRS OF THE ROYAL ACADEMY OF
BRUSSELS.

SECOND S£ItI£S.

(continued from page 285, Smithsonian report for 1863.)

Application of the properties of liquid cylinders : theory nf the constitution of
liquid veins emitted from circular apertures.

69. Let us now pass to the application which we have announced of most of

the foregoing facta and laws.

Let us consider a liquid vein flowing freely by the action of gravity from a

circular orifice perforating the thin wall of the horizontal bottom of a vessel.

The molecules of the liquid within the vessel, which flow from all sides towai'ds

the orifice, as we know, still retain, immediately after their exit, directions

which are oblique to the plane of this orifice; whence there is produced a rapid

constriction of the vein, commencing at the orifice and extending as far as a

horizontal section, which has been improperly denominated the contracted sec-

tion. When the molecules have arrived at this section, which is very near the

orifice, they all tend to assume a common vertical direction, with a velocity cor-

responding to the height of the liquid in the vessel; and they are, moreover,

urged in this direction by their individual gravity. Hence, supposing the orifice

to be circular, the vein commencing at the contracted section tends to form an
almost perfect cylinder, of any length ; but this form is modified, as we now
know, by the acceleration which gravity imparts to the velocity of the liquid,

and the diameter of the vein, instead of being everywhere the same, decreases

more or less in proportion as we recede from the contracted section.

If the causes which Ave have detailed were alone in action, the vein would
appear simply more and more attenuated in proportion as it is considered more
distant from the contracted section, without losing either its limpidity or its

continuity. But it results from our experiments, t hat a liquid figure of this

kind, the form of which approximates to that of a very elongated cylinder,

must become transformed into a series of isolated spheres, the centres of which
are arranged upon the axis of the figure. In fact, we have here a liquid sub-

mitted to the action of gravity ; but it is evident that during the free descent

of a liquid, gravity no longer presents any obstacle to the play of the mole-

cular attractions, and that the latter must then exert the same configuring

actions upon rho mass as if this mass were free from gi'avity and in a state of

rest; this is the manner in which, for instance, drops of rain, during their fall,

acquire the spherical form. But, for the preceding conclusion to be perfectly

Erratum.—At page 207 of the Smithsonian Report for 1863, sixth line from the bottom,
for ^'less than an, inch iu a year,^' read "less than an inch in a rfai/."' J. H.
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rio-orous, it would be requisite for all parts of the mass to be actuated by the

SMne velocity, whicli is not the case with the vein ; we can, however, under-

stand, that, although this difference may be capable of producing some modifi-

cations in the phenomenon, it cannot prevent its production.

The liquid of the vein, therefore, during its movement must necessarily

gradually form a series of isolated spheres. But as this liquid is constantly

beino- renewed, the phenomenon of transformation must also continue to be

renewed. In the second place, as each portion of the liquid begins to be sub-

jected to the configuring forces as soon as it forms a part of the imperfect

cylinder Avhich the vein tends to form, i. e., from the moment at which it passes

the contracted section, and subsequently remains during its course under the

continued action of these forces, it is evident that each of the divisions of the

vein must begin to be formed at the contracted section and to descend, con-

veyed by the movement of transference of the liquid, modifying itself by de-

grees so as to arrive at the state of an isolated sphere. Hence it follows that,

at any given instant, the divisions of the vein must exist in a more advanced

phase of transformation in proportion as they are considered at a greater dis-

tance from the contracted section, at least as far as that at which the transform-

ation into spheres is completely effected. From the orifice to the distance

where the separation of the masses occurs, the vein must evidently be continu-

ous ; but at a greater distance, the portions of liquid which pass must be iso-

lated from each other.

If then, the movements of the liquid, both that of translation and that of

transformation, were sufficiently slow to allow of our following them with our

eyes, the vein would appear to be formed of two distinct parts, the one superior

and continuous, the other inferior and discontinuous. The surface of the for-

mer would present a series of dilatations and constrictions, which would descend

Avith the liquid, becoming constantly renewed after passing the contracted sec-

tion, and which, although very feebly indicated at their origin near this section,

would become more and more marked during their movement of transference,

the dilatations becoming more prominent and the constrictions narrower: these

divisions of the vein arriving one after the other, in their greatest development,

at the lower extremity of the continuous part, woukl be seen to become detached

from it, and immediately to complete their assumption of the spherical form.

Moreover, the separation of each of these masses would necessarily be pre-

ceded by the formation of a line which would resolve itself into spherules of

different diameters, so that each isolated sphere Avould be succeeded by similar

sphertiles. The discontinuous part of the vein Avould then be seen to con-

sist of isolated spheres of the same size and of equal spherules arranged in

the intervals of the former, both of them being conveyed by the movement of

translation, and being unceasingly renewed at the extremity of the continuous

part.

Now Savart's beautiful investigations* have taught us that this is, in fact,

the real constitution of the vein ; except that under ordinary circumstances an
extraneous cause, which was also pointed out by Savart, more or less modifies

the form of the divisions of the continuous part, and alters the sphericity of

the isolated masses composing the discontinuous part ; but Savart has given

the means of excluding this influence, of which we shall speak hereafter.

70. Now as the movement of transference is too rapid to allow of the phe-

nomoua which are produced in the vein being recognized by direct observation,

certain peculiar appearances ought to be the result of this. We must remember
here, that when a liquid cylinder becomes resolved into spheres, the rapidity

with which the transformation takes place is accelerated, and consequently at

the commencement is extremely small. In consequence, then, of this original

minuteness and of the velocity of the movement of transference in the vein,

*Annates de Chiinic ct dc Physique, Aofit 1833.
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the effects of the gradual transformation can not begin to become obvious until

a greater or less distance from the contracted section has been attained. Up
to this distance the rapid passage of the dilatations and constrictions before the

eye cannot give rise to any effect visible to the simple sight ; so that this por-

tion of the vein will appear in the form which it would affect if it bad no ten-

dency to become divided. Beyond this distance the dilatations will begin to

acquire considerable development ; the vein will appear to continue enlarging
until another distance has been attained beyond which the diameter will appear
constant. Such is, in fact, as the observations of Savart have shown, the form
presented to direct observation by a vein withdrawn from the influence of any
disturbing cause.

Lastly, we know that from the orifice to the point at which it appears to

begin to enlarge, the vein is seen to be limpid, whilst further on it appears
more or less turbid; and Savart has perfectly explained these two different

aspects, as also some other curious appearances which the troubled part pre-

sents, by attributing the limpidity of the upper portion to the slight develop-

ment of dilatation-s and constrictions which are propagated in it ; and the tm--

bidity, as also the other appearances of the remainder of the vein, to the rapid

passage before the eye, at first of the dilatations and constrictions which have
become more marked, then, lower down, of the isolated spheres and the inter-

posed spherules. We must refer for the details to the memoir quoted above.

71. But we may go further : two consequences spring directly from our
explanation of the constitution of the vein. In the first place, as the divisions

become transformed during their descent, it is clear that the space traversed

by a division during the time it is effecting a given part of its transformation

will be as much greater as it descends more rapidly, or, in other words, as the

charge, i. e., the height of the liquid in the vessel, is more considerable ; whence
it follows clearly that, the orifice being the same, the length of the continuous

part of the vein must increase with the charge. Now this has been confirmed

by Savart's observations. In the second place, since the transformation of a
cylinder is slower in proportion to the size of its diameter, the time which a
division of the vein will occupy in cfl'ecting any one and the same part of its

transformation will be as much longer as the vein is thicker ; whence it fol-

lows, that if the rapidity of the flow does not change, the space which the

division will traverse during this time will be as much greater as the diameter
of the orifice is greater ; consequently, for the same charge, the length of the

continuous part must increase with the diameter of the orifice, and this is also

verified by the observations detailed in the memoir quoted.

With regard to the laws which regulate these variations in the length of the

continuous part, Savart deduces from his observations, which were made by
employing veins of water, that for the same orifice this length is nearly pro-

portional to the square root of the charge, and that for the same charge it is

nearly in proportion to the diameter of the orifice.

Let us now examine whether these two laws also emanate from our explana-
tion.

72. Imagine for a moment that gravity ceases to act upon the liquid as soon
as the latter jiasses the contracted section. Then, commencing at this section,

the rapidity of translation will simply be that which is due to the charge, and
the value of which, as we know, is v 2oVt, g denoting gravity and k the charge.

This velocity will be uniform ; consequently, if the vein had no tendency to

divide, it would remain exactly cylindrical throughout any extent, (§ 69.) Now,
ail parts of the liquid being actuated by the same velocity of transference, this

common movement cannot exert any influence upon the effect of the configur-

ing actions ; so that, for instance, the gradual modifications which each of the

co.istrictions undergoes, and the time which it takes in their accomplishment,
will be independent of the rapidity of transference.
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This admitted, let us consider the infiuitely thin section which constitutes

the neck of a constriction at the moment at which it quits the contracted sec-

tion. This section will descend with a constant velocity, and at the same time

its diameter will continually diminish until the constriction to which it belongs

becomes transformed into a line, and then the section in question will occujiy

the middle of this line ; the line will become disunited, to be converted into

spherules. As we have shown above, the time employed in the accomplish-

ment of these phenomena, and during which the liquid section we have con-

sidered has traversed the distance comprised between the contracted section

and the place which the middle of the line occupies at the precise instant of

rupture, is independent of the velocity of transference ; consequently, if the

diameter of the orifice does not change, this time will be constant, Avhatever

may be the charge. Noav, when the movement is uniform, tlie space traversed

daring a determinate time being in proportion to the velocity, the above dis-

tance will be in proportion to ^/2gll, consequently to V/i- As we shall fre-

quently have occasion to make use of this distance, we shall represent it, for

the sake of brevity, by D.
NoAv, it is easily understood that in our vein the length of the continuous

part does not differ sensibly from the distance D. In fact, the continuous part

terminates at the exact place at which, in each line, the most elevated of the

points of rupture of the latter is produced ; for at the instant at which the rup-

ture takes place, the phases of transformation of all that portion which is above

the unit in question are less advanced, (§ 69,) and therefore it still possesses

continuity, whilst all that below this point is necessarily already discontinuous.

Thus, on the one hand, the continuous part of the vein commences at the ori-

fice and terminates at the place at which the most elevated point of rupture

of each filament is produced; and, on the other hnnd, the distance D com-

mences at the contracted section, and terminates at the point corresponding to

the middle of the lengtb of each of the lines at the instant of their rupture.

The continuous part then takes its origin rather higher up, but also terminates

a little above the distance D ; the difference in the origins of these two magni-

tudes and that of their terminations must, consequently, partially compensate

each other ; and as these differences are both very minute, tlie excess of one

over the other will, a fortiori, be very small, so that the tAvo magnitudes to

which they refer may, as I have stated, be regarded, Avithout any sensible

error, as equal to each other.* In virtue of this equality, the length of the

continuous part of the vein which we arc considering will then apparently

follow the same law as the distance D, i. e., it will be very nearly proportional

to -v/a.

Thus, in the imaginary case of uniform velocity of transference, we again

recognize the first of the laws given by Savart. Now, it is clear that in a real

vein the velocity will deviate from uniformity so much the less as the charge

is greater ; whence we may infer that, for sufficiently great charges, the length

of the continuous part of the real vein must still exactly follow this law. We
fhall, moreover, demonstrate this in a rigoi'ous manner.

73, Let us, then, take the real case, i. t'., let us consider a vein submitted to

the action of gravity, in which, consequently, the movement of transference is

accelerated. Then the velocity possessed, after any time t, by a horizontal

section of the liquid conveyed by the movement of transference, will have for

its value V2gh+gf, the first tenn representing the portion of the velocity due
to the charge, the second the portion due to the action of gravity upon the

vein, and / being reckoned from the moment at which the liquid section passes

the contracted section. It must be borne in mind that, in virtue of the accele-

* We shall recur to tliis point, and shall then establish it more clearly.
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ration of the velocity, the vein, if it did not become divided, would continue to

become indefinitely thinner from above downwards, (§ 69.)

This admitted, let us imagine that another vein of the same liquid, placed
under the imaginary condition of the preceding paragraph, flows off with the
same charge from another orifice of the same diameter, in the same time as the
true vein in question. Let denote the time occupied by this second vein in

traversing the distance which we have denoted by D, i. e., that which is com-
prised between the instant at which the liquid section that constitutes the neck
of a constriction passes to the contracted section, and the instant of the rupture
of the line into which this constriction becomes transformed. In the expression
of -the velocity relative to the first vein, let t= 0, which gives for this velocitv,

after the time 0, the value '\/'^i+gO; in other words, let us consider the ve-
locity of a liquid section belonging to the true vein, after the time necessary
for a section belonging to the imaginary vein to have traversed the distance l3.

According to what we have seen in the preceding section, if the orifice remains
the same, this time is constant, whatever the charge may be; so that in the
above expression the term gO remains invariable when 7i is made to vary.
Hence, whatever may be the value of 0, we may suppose the charge k to be
sufficiently large for the term V^gh to be very great in proportion to the term
gO, and that the latter consequently may be neglected Avithout any sensible

error. In the case of a value of k which will realize this condition, and, a for-
tiori, in the case of all still greater values, the velocity of a section of the true

vein during the time may be regixrded as constant, and equal to that of a sec-

tion of the imaginary vein ; so that throughout the entire space traversed by
the first during this time, commencing at the contracted section, the real vein,

if it did not become divided, would preserve exactly the same diameter, and
might be regarded as identical with the imaginary vein, also assumed to be free

from divisions.

Now, it necessarily follows, from this approximative identity, that during the

time the same will apparently occur in like manner in both veins ; conse-

quently the time will be very nearly that which, in the true vein, the liquid

section, corresponding to the neck of a constriction, would employ in accom-
plishing the modifications which we have considered, and the space which it

will traverse during these modifications may be regarded as equal to the dis-

tance D relative to the imaginary vein.

Now, as the continuous part of the true vein terminates a little below this

space, and is consequently included in the same portion of the vein, it follows,

from the above approximative identity, that this continuous part will be exactly

equal in length to that of the imaginary vein, and therefore, commencing with

the least of the charges considered above, the lengths of the continuous parts

of both veins must be very nearly governed by the same law.

We arrive then, lastly, at this conclusion, that for the same orifice, and com-
mencing with a low but sufficient charge, the length of the continuous part .of

the true vein must be in proportion to the square root of the charge.

In accordance with the preceding demonstration, the low charge in question

is that at which the movement of transference of the liquid begins to remain
apparently uniform in all that portion of the true I'ein which is comprised be-

tween the contracted section and the point occupied by the middle of each line

at the instant of rupture ; but as the extremity of the continuous part is very

little distant from this point, (§ 72,) we may neglect the small difference, and
say simply that the low charge in question is that which begins to render the

movement of transference of the liquid exactly uniform as far as the extremity

of the continuous part of the vein.

Thus, under the condition of a low charge sufficient to produce this approxi-

mative uniformity, which condition is always realizable, the law indicated by
Savart as establishing the relation between the length of the continuous part

19 S
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and the charge necessarily follows from the properties of liquid cylinders. To
discover Avhether this law is also true when weaker charges are employed, we
must start from other considerations ; but it is evident, so far, that if in the lat-

ter case the law is different, it must at least necessarily converge towards the

proportionality in question, in proportion as the charge increases.

AVe must remark here, that in the case of a given liquid, the charge with

which the vein begins to exist under the condition which we have determined

must be as much less as the diameter of the orifice is smaller. In fact, since,

all other things being equal, the transformation of a liquid cylinder occurs with

a rapidity proportionate to the diminution in size of the diameter of the cylinder,

it follows that the value of will diminish Avith the value of the orifice; ai;id

therefore the smaller the latter is, so much the less will the value of h become

to allow of the tenii ^^ in the expression -^-igh+gO, placed at the commence-

ment of this section, being neglected in comparison with the term s/^gh, and

consequently for the vein to exist under the condition in question.

Moreover, as the time varies with the nature of the liauid, the same will

necessarily apply to the charge under consideration.

74. Let us now investigate the second law, namely, that which establishes

the approximative proportion of the length of the continuous part of the vein

and the diameter of the orifice, when the charge remains the same.

Let lis resume, for an instant, the imaginary case of an absolutely uniform

movement of transference. The vein, leaving its divisions out of considera-

tion, will then constitute a true cylinder commencing at the contracted section,

(§72,) which cylinder will be formed in the air, and the entire convex surfaqe

of which will be free ; moreover, as the movement of transference of the liquid

does not exert any influence upon the effect of the configuring forces, (§ 72,)

and as there is no extraneous cause tending to modify the length of the divi-

sions, the latter will necessarily assume their normal length. It is evident,

therefore, that excepting that the formation of its divisions is not simultaneous,

(§ 69,) our imaginary vein will exist under exactly the same circumstances as

the cylinders to which the laws recapitulated in section 68 refer ; consequently,

if we consider in particular one of the constrictions of this vein, it must pass

through the same forms, and accomplish its modifications in the same time, as

any one of the constrictions which would result from the transformation of a

cylinder of the same diameter as the vein, formed of the same liquid, and
placed under the conditions in question.

Now, in the case of a cylinder of mercury, the time comprised between the

origin of the transfoi-matiou and the instant of the rupture of the lines is, in

accordance with one of our laws, exactly or apparently in 2)roportion to the

diameter of the cylinder ; and it is clear that this law is equally applicable to

any one of the constrictions in particular, or even simply to its neck, as to the

entire figure. If, then, we suppose our imaginary vein to be formed of mercury,
the time which the neck of each of its constrictions will occupy in arriving at

the instant of the rupture of the line will be exactly or apparently in propor-

tion to the diameter which the vein would possess if the divisions in it were
not formed, i. e., to that of the contracted section. Now, as the cylindrical

form of the vein, supposed to exist without divisions, only begins at the con-

tracted section, it is only from this part that the configuring actions arising

from the instability of this cylindrical form commence. We must, therefore,

admit that the liquid section, which constitutes the neck of a constriction, does

not begin to undergo the modifications which result from the transformation

until the instant at which it passes the contracted section ; thus the interval

under consideration commences at this very instant.

But this uiterval, comprised between the instant at which the liquid section

of which the neck of a constriction is formed passes the contracted section,

and the instant of the rupture of the line into which this constriction becomes
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converted, is that which we have designated by 0, and in which the liquid sec-

tion traverses the distance D ; in our imaginary vein of mercury, the time
will therefore be in proportion to the diameter of the contracted section.

Now, we know that in a liquid vein, the diameter of the contracted section
may be regarded as proportional to that of the orifice, when the latter exceeds
6 millimetres, and that above this limit the proportionality does not alter very
appreciably except when the diameter of the orifice becomes less than a milli-

metre.* Moreover, as this alteration is attributed to the influence which the
thickness of the edges of the orifice, although very slight, exerts, it is probable
that it may be rendered still less by employing, as Savart has done, orifices ex-
panded ontwardly, and which may be shaped so that their edges may be very
sharp. Thus, with properly made orifices, we may undoubtedly admit, with-
out appreciable error, that commencing with a diameter equal at most to a mil-

limetre, the diameter of the contracted section is proportional to that of the

orifice.

Hence, as the length of the continuous part of our imaginary vein is in pro-

portion to the diameter of the contracted section, it will also be in proportion to

the diameter of the orifice, at least starting from a low value of the latter, which
must not be much less than a millimetre.

We have only considered the case of mercury ; but the principle with which
we set out, i. e., the proportionality between the partial duration of the trans-

formation of a cylinder and the diameter of the latter, very probably applies

also, as we are already aware, to all other very slightly viscid liquids ; conse-

quently, in the case of any of the latter liquids, it is very probable that the

length of the continuous part of the imaginary vein Avill also' be in proportion

to the diameter of the orifice. The law may also be true in regard to all liquids

;

but it may be the case that this general application does not hold good.

If we now pass from the imaginary to the true vein, Ave have only to sup-

pose that the value of the constant charge is sufficiently considerable to allow
of the condition assumed in the preceding section being satisfied throughout
the entire extent which we assign to the variations in the diameter of the ori-

fice ; so that, for each of the values given to this diameter, the continuous part

of the true vein is apparently of the same length as that of the corresponding

imaginary vein. The law which regulates this length may then be regarded
as the same in both kinds of veins. In accordance with the two remarks ter-

minating the preceding section, it is evident that if the common charge fulfils

the condition in question with regard to the greater value assigned to the diame-
ter of the orifice, it will, a fortiori, fulfil it with regard to all the others.

We are, therefore, led to the following definitive conclusion :

In the case of mercury, and very probably also in that of all other very
slightly viscid liquids, such as water, if for the same charge increasing values

are given to the diameter of the orifice, from a value slightly less than a milli-

metre to some other determinate value, and if the common charge be suffi-

ciently great, the length of the continuous part of the vein will be proportionate

to the diameter of th^ orifice.

This conclusion is, perhaps, true in the case of any liquid whatsoever ; but

the elements for deciding this question are wanting.

Thus, with the restrictions contained in the above enunciation, the second

law given by Savart results necessarily from the properties of liquid cylinders

;

and it is also evident that if, in the case of a common inconsiderable charge,

*Iii fact, the results obtained by Hachette show {Ann. de Chim. ct ih Phi/s., t. iii, p. 78)
ihat when the diameter of the oritice is equal to or greater than lU millimetres, the mean
proportion of the diameter of the contracted section to that of the orifice is 0.78 ; that in pass-
ing from 10 millimetres to 1 millimetre^ the proportion only increases 0.83; and lastly, when
the diameter is equal to 0.55 millimetre, the proportion becomes 0,88.
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the law becomes modified, it must approximate towards tliat of Savart in pro-

portion as the value given to this charge is greater.

75. We said (note to § 72) that we should return to the closely approxima-

tive principle of equality between the length of the continuous part of an

imaginary vein and the corresponding distance D, in order to establish this

principle more clearly; we shall now do this.

Let L be the length of the continuous part, and the portion common to

this length and the distance D ; let also s be the interval between the origins

of the lengths L and D, i. c, the small distance comprised between the orifice

and the contracted section ; and, lastly, let i be the interval between the ter-

minations of these same lengths, i e., the distance comprised between the up-

permost point of the rupture of the line and the middle of this line; we shall

then have

D=C-he;
consequently

L—D= s— i;

whence
L s—i
D=i+Tr ('•)

Let us now first approximatively value the quantity i in the case of some par:

ticular liquid, and let us again take mercury. After what was shown at the

commencement of the preceding section, the length of the divisions of an imagi-

nary vein is equal to the normal length of those of a cylinder of the same
diameter and of the same liquid which would be formed in the air, and the en-

tire convex surface of which is free; now in the case of mercury, we know
that the proportion of this normal length to the diameter of the cylinder must
be less than 4; consequently, in our imaginary vein of mercury, the proportion

of the length of the divisions to the diameter of the contracted section will

also be less than 4 ; but in our state of ignorance of the exact value of this

proportion, we will first suppose it to be equal to the above number. If we
then denote the diameter of the contracted section by k, the diameter of the

isolated spheres composing the discontinuous part of the vein will be (§ GO) equal

to 1.82./i;, and the length of the interval between two successive spheres Avill

be 2. 18. /v. But the line into which a constriction is converted is necessarily

shorter than this interval ; for so long as the rupture does not take place, the

two masses united together by the filament must still be slightly elongated;

and, moreover, each of them must present a slight elongation of the line, so as

to be connected to the latter by concave curvatures. Judging from the com-
parison of the aspects presented immediately after the rupture of the line, and
after the entire completion of the phenomena, by the figure resulting from the
transformation of one of our short cylinders of oil, (see figs. 28 and 29,) I should
estimate that for each of the two masses connected by a line, the elongation

towards the latter ^Zms the slight concave prolongation form about two-tenths
of the diameter which these masses acquire after their transition to the state of
spheres. To obtain the approximative value of the line belonging to our vein,

we must therefore deduct from the interval 2.18 .k, four-tenths of the diameter
l.S2./t:, which gives 1.45.^. On the other hand, if we denote the diameter of
the orifice by K, we have (note to the preceding section) very nearly K=0.8 .K

;

whence it follows that the approximate value of the length of our line is equal
to 1.45x0.8.K=1.16 K. Lastly, the uppermost point of rupture of the line

must be very near the upper extremity of the latter; if we suppose it to be at

this extremity itself, the quantity i will be half the length of the line, and we
shall consequently have

e=0.58.K.
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Let us pass to the quantity s. We know that the distance between the orifice

and the contracted section, although not entirely independent of the charge,
always differs but little from the semi-diameter of the orifice, so that we should
have very nearly ir=0.50.K, and therefore

*_z=0.50.K— 0.58.K=— 0.08. K,
evidently a very slight difference.

We have assumed 4 as the value of the proportion of the length of the divi-

sions of our vein to the diameter 7c ; this value is undoubtedly too great ; but
as the exact value must necessarily exceed the limit of stability, which is itself

more than 3, we may admit that this exact value is considerably more than the
latter number. Suppose it, however, to be equal to this number 3 ; calculation

will then give for the diameter of the isolated spheres the quantity 1.65./.-, and
for the interval between two consecutive spheres the quantity 1.25. /c. Com-
pleting the operations with these data, in the same manner as above, we obtain
as the final result

5—2=0.23. K,
also a very slight difference.

Now, as the true value of the difference s— i must be comprised between
the two limits which we have just found, i. e., — 0.08.K and +0.23. K, and
as we cannot ascertain either the one or the other, we shall obtain a sufficient

approximation to this true value by taking the mean of the two above limits,

which gives, lastly,

s— i=0.07 .K (2.)

Let the distance remain D. As this is traversed by a uniform movement during

the time and with the velocity \/2gli, "vve shall first have

Now, as the time is equal (preceding section) to the partial duration of the

transformation of a cylinder of the same diameter and of the same liquid as

the vein, and which would be formed under the conditions of the results

summed up in § 68, it follows, from one of the latter, that if the diameter of

the contracted section of our imaginary vein of mercury wei'e a centimetre, the

time would be considerably more than 2 seconds ; however, in order to place

ourselves intentionally under unfjxvorable circumstances, let us suppose that, in

the above case, the time in question Avere only equal to 2 seconds. But the

time is proportionate to the diameter of the contracted section, (preceding

section ;) if, then, we take the second as the unit of time and the centimetre

as the unit of length, we shall have for any value k of this diameter

= 2k;

and if we replace k by its approximative value 0.8 .K, it will become

^= 1.6.K;
consequently

D=1-6.K V2i7t.

As we have taken the second and the centimetre as the units of time and length,

g will be equal to 980.9 ; and this value being substituted in the above expres-

sion, it will finally become
D=70.87.K V/T.

From this expression, and that of s— /given by the formula (2,) Ave deduce

s—i 0.07 1= 0.001
D 70.87 . ^fh

' / Vh
Now, according to the equation (1) this quantity represents the en'or we com-

mit in supposing — =: 1, or L= <Z; it is evident that this error is independent

of the diameter of the orifice, but that it varies with the charge, and that it is
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less in proportion as the strength of the charge is greater ; it is also evident

that for it not to be very small, an extremely small value must be given to the

char"-c; for Avheu the charge is too small, either the floAV does not take place,

or it^en'sues drop by drop, in both Avhich cases the nature of the phenomenon

is changed, and cannot be referred to the transformation of a cylinder. We
shall therefore suppose that the value of the charge is 4 centimetres, for instance,

which is certainly a small value, and Avhich is slightly greater than the least

of the values employed by Savart in his experiments. We shall then have

111^=0.0005

;

D
and transferring this value to the equation (1) we shall find

L—=1+ 0.0005,

or rather
L—D =0.0005. D.

Thus, according to this result, whatever the diameter of the orifice may be,

with the feeble charge of 4 centimetres, the length of the continuous part of an

imaginary vein of mercury only exceeds the distance D by a quantity equal

to 6 ten-thousandths of the latter; so that, for instance, if the diameter of the

orifice Avere such that the distance D were a metre, the length of the continu-

ous part would only differ from it by half a millimetre ; and in consequence

of the very small value we have attributed to 0, even this probably exceeds

the true difference. Lastly, if we pass from mercury to some other liquid, the

dift'ercnce between L and 1), ox rather the proitortion of this dift'crcnce to D,
Avould necessarily vary in magnitude and direction with the nature of the

liquid ; but this proportion, as we have shown, is so small that we may safely

admit that it will always be very small in regard to any other liquid.

76. Let us now go within the limit commencing Avith M'hich the real veia

may be compared, in its continuous part, to the corresponding imaginary vein,

(§§ 73 and 74;) in other words, let us suppose the charge to be so inconsidera-

ble, or the diameter of the orifice to be so great, that the movement of trans-

ference, in the extent of the continuous part of the real vein, is not perfectly

uniform. The vein will also then tend to become thinner from above down-
wards, and this diminution in thickness will become visible upon the limpid

portion. The question of the laws which under these circumstances must
regulate the length of the continuous part is very complicated ; we shall, how-
ever, attempt to elucidate it to a certain point.

Let us consider a division of the vein at the instant at which its upper ex-

tremity passes the contracted section. The two liquid sections between which
the division in question is comprised separate from this position with different

velocities ; for, in the short path which the inferior section has traversed, its

velocity is even slightly augmented by the action of gravity. Now, it follows

from this excess of yelocity and the acceleration of the motion, that the two
sections will continue to separate from each other more and more in proportion

as they descend ; or, in other words, that the portion of the liquid included

between them will gradually become elongated during its motion of transfer-

ence. Consequently, if no other cause intervened, each of the divisions, con-

veyed by the accelerated velocity of the liquid, would gradually increase in

length up to the instant of the rupture of the line, and would preserve a con-

stant volume during its descent.

But there is a cause which acts in an opposite manner upon the divisions.

If we imagine the divisions of the continuous part to be suddenly effaced, the

small portion of the vein thus modified which replaces, at this instant, any given
division, will be smaller in proportion as the division in question is more distant



WITHDRAWN FROM THE ACTION OF GRAVITY. 295

from the contracted section. Consequently we may consider each of the di-

visions which at a determinate instant are arranged upon the entire length of the

continuous part as arising respectively from the transformation of a different

cylinder ; and as the minute portion of the vein which replaces, in the above
hypothesis, any given division would continue slightly diminishing in thickness

from above downwards, we should exactly obtain the diameter of the corre-

sponding cylinder by taking the mean diameter of this portion. Now, wc know-

that for any liquid, the normal length of the divisions of a cylinder supposed

to be formed in the air, and the entire convex surface of which is free, is in

proportion to the diameter of this cylinder; consequently, if nothing opposed

the action of the configuring forces upon the vein, the proportion of the length

of a division to the above mean diameter corresponding to it would be the same
for all the divisions ; and as this mean diameter diminishes at each division

from the top to the bottom of the continuous portion, it follows that the length

of the divisions Avould coutinvie to decrease in the same proportion. If, then,

the cause with which we are engaged were alone in action, each division would
gradually diminish in length and volume in proportion as it descended in the

continuous portion. But then the divisions starting from the contracted section

with the velocity of the liquid Avould necessarily follow in their movement of

transference a different law. "VVe shall show that this movement would be

retarded, so that the liquid, Avhich descends, on the contrary, with an accelerated

velocity, must pass from one division to the other, and that the latter must

simply constitute, upon the surface of the vein, a sort of undulation, which

would be propagated according to a particular law.

Let us assume the hypothesis of the entirely free action of the configuring

forces, and let us commence with the moment at which the section of the sur-

face of the vein Avhich constitutes the neck of a constriction passes to the con-

tracted section. After a brief interval, another superficial section, correspond-

ing to the next neck, will pass in its turn, and these two sections will include

a division between them. After another interval of time equal to the first,

another division will have passed to the contracted section ; but the first will

even then be shortened, so that its lower neck, in this second interval of time,

will have traversed a less space than the first. For the same reason, the space

traversed in a third interval of time equal to the two others will be still small(;r,

and so on afterwards. The movement of transference of the necks, and there-

fore that of the divisions which they include, two and two, will then consti-

tute, as I have stated, a retarded movement.
Now, the two causes which we have mentioned, and which act concurrently

upon the divisions, will necessarily combine their eifects. Consequently the

velocity of transference of the divisions will be intermediate between the

accelerated velocity of the liquid and the retarded velocity which would result

from the second cause alone ; in the second place, the divisions will gradually

diminish in volume during their descent along the continuous portion, but

according to a less rapid law than would be the case under the isolated action

of this second cause ; lastly, the length of the divisions will follow a law inter-

mediate between the gradual increase determined by the first cause and the

decrease produced by the second.

77. We shall now investigate the manner in which these modifications in the

volume, length, and velocity of the divisions are capable of exerting an influ-

ence upon the laws regulating the length of the continuous portion of the vein.

We must first draw attention to the fact that in our imaginary veins, where

the movement of transference of the liquid is supposed to be uniform with all

charges, the causes producing the above modifications do not exist ; conse-

quently the divisions must always descend with the same velocity as the liquid,

without varying in either volume or length in the course of the continuous

part. Moreover, we must recollect that after what has been detailed in §§ 12,
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74 and 75, Savart's laws are already satisfied witli regard to these veins com-

mencing v/itli very feeble charges ; the first law in the case of any liquid

whatever, and the second in the case of mercury, very probably also in that

of any other very slightly viscid liquid, and perhaps even in that of all liquids.

Let us now recur to the true vein of the preceding section, and let us begin

by examining the influence exerted by the diminution of the volume of its

divisions. Since a cylinder, supposed to exist under the conditions of our laws

and formed of a given liquid, becomes transformed with rapidity proportionate

to the smallness of its diameter, it necessarily follows that as the volume of its

divisions is smaller, the gradual diminution in the volume of the divisions of

the vein tends to render the velocity of their transformation more accelerated

than it would be in the imaginary vein of the same liquid if it flowed under

the same charge, and from an orifice of the same diameter. Under the isolated

influence of this modification of the volume, the time which the portion of the

phenomenon corresponding to the course of the continuous portion requires

would therefore be shorter ; consequently the length of this portion would be

less than in the imaginary vein. Now if the charge under consideration were

replaced by a charge very nearly sufficient to annihilate the acceleration of the

movement of transference of the liquid in the continuous part, this portion of

the vein would then be equal in length to that of the corresponding imaginary

vein, (§73;) therefore in passing from the first charge to the second, the con-

tinuous part of the true vein would augment more than that of the imaginary

vein, i. e., would consequently augment in greater proportion than that of the

square roots of the two charges. Thus the gradual diminution in the volume

of the divisions tends to render the law regulating the length of the continuous

part of the vein, when the charge is made to vary, more rapid than that of

iSavart.

Let us pass on to what relates to the length of the divisions. As the accelera-

tion of the velocity of the transference of the liquid forms an obstacle to the

free shortening of the divisions, the latter must be gradually extended in the

direction of their length, in proportion as they descend upon the continuous

part. Now this gives rise to an influence exerted in the same direction as the

preceding ; for in consequence of their less thickness, the constricted portions

will yield more readily to this traction than the dilated portions, which will

necessarily increase the rapidity with which the former become diminished in

thickness, and will therefore tend to produce, in each of them, the formation

and rupture of the line sooner than in the corresponding imaginary vein. But
the difl'erence of the laws which the divisions and the liquid follow in their

retpective movements of transference, engenders an influence which acts in a

contrary direction to the two preceding. In virtue of the excess which the

velocity of the liquid acquires above that of the divisions, the liquid passes, as

Ave have seen, from one division to the other, so that any one portion traverses

successively, sometimes the nai-roAVer canal of a constriction, sometimes the

larger space of a dilatation. But as the liquid thus moLyes in a conduit the

dimensions of which are alternately smaller and larger, its velocity must be
greater in the constricted parts, and less in the dilated parts, than if the divi-

sions did not exist ; whence this singular consequence results, that the velocity

of transference of the liquid, instead of being uniformly accelerated, is sub-

jected, in the course of the continuous part, to a series of particular variations

which render it alternately greater and less than that which a solid body fall-

ing from a point situated at the elevation of the liquid in the vessel would have.

Moreover, the liquid molecules, instead of moving in the direction of lines pre-

senting a very slight curvature, and always in the same direction, as they would
do if the divisions were absent, will necessarily describe ainuous lines in their

passages from division to division. Now, the configuring forces emanating from
the superficial layer of the vein, and which produce the divisions, cannot force
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the molecules of the liquid to undergo these alternate changes of direction and
velocity, without expending a part of their own action ; so that things will go
on as if these forces experienced a loss in intensity. If, then, the induencc in
question were alone exerted, the transformation would be efifected with less

rapidity, and therefore the contf:inuou& portion would be longer than in the cor-

responding imaginary vein ; whence it follows, that in passing from the charge
under consideration to a charge which would establish the approximative
uniformity of the movement of transference of the liquid in the continuous por-

tion, the lenglh of this portion of the vein would increase in a less proportion
than that of the square roots of the two charges.

With regard to the transference of the divisions, separately considered, we
are well aware that it must be intermediate between the retarded velocity

which would result from the free shortening of these divisions and the accele-

rated velocity of the liquid ; but it would be difficult to decide, a 'priori,

whether this intermediate velocity preserves any retardation or whether it pre-

sents any acceleration. However, admitting that retardation exists, the latter,

tending evidently to diminish the length of the continuous portion, would pro-

duce an influence in the same direction as the above two former; and sup-

posing, on the contrary, that acceleration occurred, this would produce an influ-

ence in the same direction as the third.

78. To sum up, then: when the charges are less considerable than those

which would render the movement of transference of the liquid perfectly uni-

form in the continuous part of the vein, two opposite kinds of influences affect

the law, according to which the length of this continuous portion varies with

the charge, the first tending to make this length increase more i-apidly than the

square root of the charge, whilst the second, on the contrary, tends to make it

inci-ease less rapidly. Now in virtue of their opposition, these two kinds of in-

fluences will mutually neutralize each other to a greater or less extent ; but in

accordance with the diversity of the immediate causes which respectively pro-

duce each of these influences, complete neutralization must be regarded as very
improbable; which leads us to the former conclusion, that, when the charges

are sufficiently weak, the law in question will differ from that of Savart ; bu,t

it will be impossible to decide a priori in Avhat direction.

In the second place, the primary cause of all the influences which we have
mentioned being the acceleration of the movement of the liquid, it is clear that

the resulting action of those which act in the same direction, considered sepa-

rately, decreases in proportion to the augmentation of the charge, and may be
neglected, commoncing with the first of the charges under which the movement
of the liquid becomes perfectly uniform in the continuous portion. Now what
remains of the mutual neutralization of the two resulting opposed actions is

necessarily less, and probably considerably so, than each of them in particular

;

whence we must believe that this excess may be neglected, commencing with

a much less charge. We then arrive at this second conclusion, that Savart's

first law will undoubtedly begin to be true in the case of a charge which will

still leave a very marked acceleration in the movement of transference of the

liquid in the continuous portion.

Lastly, this result, in connexion with a principle which we have established

at the end of § 73, furnishes us with a third conclusion, viz., that the charge at

which the vein begins in reality to satisfy Savart's first law will be less in pro-

portion to the size of the orifice ; for it is evident that, in passing from one
orifice to the other, this charge must vary in the same manner as that at which
the acceleration of the movement of the liquid may be neglected. But I say
further, that the variation in question will very probably take place in a much
greater proportion than that of the diameters of the orifices.

For, let h' be the charge with which the approximative uniformity of the move-
ment of transference begins in the case of a given orifice and liquid, and 0' the



g(^



WITHDRAWN FROM THE ACTION OF GRAVITY. 299

^3 the charge which plays the same part with regard to the vein escaping from
the smallest orifice as that which h\ plays with i-egard to that which escapes

from the larger one. It must be borne in mind that 7^3 is less than hi , and let

us suppose hi to be comprised betAveen the two latter. With the charges hi

and h-z the vein escaping from the smallest orifice will therefore then still exist

under the effective conditions of Savart's first law, whilst, as regards the vein

which escapes from the larger orifice, these conditions will only commence at

hi ; if, then, we pass from hi to h^, the continuous portion of the first vein will

decrease in proportion to the square roots of these two charges ; but that of the

latter vein will decrease in a different proportion. Now, with the charge hi

these two lengths were to each other as the diameters of the corresponding

orifices; with the charge h^, then, they would exist in another proportion; con-

sequently the second law of Savart would no longer be satisfied, at least as

regards the two extreme veins of the series brought into comparison.

The following new conclusions result from all this : With a sufficiently weak
common charge, the proportionality of the length of the continuous portion of

the mercurial column to the diameter of the orifice does not exist throughout

the entire extent assigned to the v^ariations of this diameter ; but it begins to

manifest itself when that value is given to the common charge at which the

vein escaping from the largest of the orifices commences to exist under the

effective conditions of Savart's first law.

Respecting these conclusions, we must repeat what we stated with regard to

that terminating the preceding section, viz : that they are very probably appli-

cable, at least to all very slightly viscid liquids, consequently to water.

Now, we shall see that these same conclusions, as also those of the pre-

ceding section, are in accordance with the results of Savart's experiments,

which results relate to water.

80. Savart has made two series of observations upon veins of water with-

drawn from all extraneous influences, one with an orifice 6 millimetres, the

other with an orifice 3 millimetres in diameter ; the successive charges were
the same in both series. The two following tables represent the results ob-

tained, i. e., the lengths of the continuous part corresponding to the successive

charges ; both the lengths and the charges are expressed in centimetres. I

have inserted in each table a third colurau, containing, in regard to each of the

lengths of the continuous part, the proportion of the latter to the square root

of the corresponding charge :

Diameter of the orifice, 6 millimetres.
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This bemg; established, let us now begin by examining the table relating to

the orifice of 6 millimetres. It is evident that the proportion of the length of

the continuous portion to the square root of the charge diminishes considerably

from the first charge to the last ; Avheuce it follows that, in the case of a vein

of water escaping from an orifice 6 millimetres in diameter, if the charge be

not made to exceed 47 centimetres, Savart's first law is far from being satisfied.

Thus the first conclusion of § 78 is conformable with experiment. JMoreover,

the diminution of the proportion determines the direction in which the true law

differs from that of Savart within the limit at which this begins to be suffi-

ciently approximative ; it is evident that the length of the continuous portion

then augments less rapidly than the square root of the charge. In the second

place, as the proportion in question increases, Ave find that the latter converges

towards a certain limit, which must be a little less than 23, i. e., the value cor-

responding to the charge of 47 centimetres. In fact, whilst the charge receives

successive augmentations of 7.5, 15 and 20 centimetres, the proportion dimin-

ishes successively by 14, 8.9 and 4.5 units, and the latter diti'erence is still

tolerably slight in regard to the value of the latter proportion ; whence we
may presume that, if the charge were still fArther increased, the further dimi-

nution of the proportion would be very small, and that a sensibly constant

limit would soon be attained, at which limit Savart's first law would be

satisfied.

Let us now find the proportion of the velocity of transference of the liquid

at the extremity of the continuous part to that at the contracted section, in the

case of the vein escaping under a charge of 47 centimetres. We shall disregard

here the small alternate variations which have been treated of in § 77, and shall

therefore consider the velocity of transference of a horizontal section of the

liquid of the vein as being also that which this section would have if it had
ftillen freely and in a state of isolation from the height of the level of the liquid

in the vessel. Then, on neglecting the small interval comprised between the

orifice and the contracted section, we shall have for the velocity in question,

at any distance I of this section, the value y/2g .[h-\-l); if, then, I denotes the

length of the continuous portion, the pro])ortion of the velocity at the end of

this length to that at the contracted section will be expressed generally by

y/2g(]>+l) „ „,_,^,,^ ,_ jl-^l
or more simply by -v/ . On now substituting in this expres-

V2gk •' ^ k

sion for h and / the value relative to the vein in question, i. e., 47 and 158, we
find for the relation between the extreme velocities the value 2.1. Thus, al-

though, under a charge of 47 centimetres, the vein escaping from an orifice of

6 millimetres may probably nearly exist under the effective conditions of Savart's

first law, the velocity at the end of the continuous portion is even more than
double the velocity at the contracted section, so that the movement of transfer-

ence of the liquid is still more considerably accelerated. The second conclusion

of § 78, therefore, appears so far to agree, like the first, with the results of ex-

periments.

Let us pass to the table relating to the orifice of 3 millimetres. Here it is

evident that the proportion of the length of the continuous portion to the

square root of the charge is very nearly the same for all the charges ; Avhence
it follows that, with this orifice, the vein already begins to come Avithin the

effective conditions of Savart's first law under a charge of 4.5 centimetres.

But, according to what we have stated, the orifice being 6 millimetres, the vein
does not satisfy these conditions except under a charge at least equal to 47
centimetres ; the charge at Avhich Savart's first law begins to be realized, then,

augments and diminishes Avith the diameter of the orifice, and much more
rapidly than this diameter. Noaa^, this is the substance of the conclusion
of § 78.
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Laetly, if, in the general expression of the relation of the extreme velocities
found above, we replace h and I by the values 4.5 and 24 relative to the first

vein of the table under consideration, we shall find fn- this relation the value
2.b ; which shows that with the charge 4.5, under which the veivi is already
placed in the eifective conditions of Savart's law, the velocity of transference
of the liquid is still very notably accelerated. No doubt can, therefore, remain
of the legitimacy of the second conclusion of § 78.

Let us now calculate, for each of the four charges, the proportion of the
lengths of the continuous parts corresponding respectively to the two orifices

;

we shall thus form the following table :

Charges. Proportions.

4.5 4 46
12 3.23
27 2.46
47 2.03

This table shows, that for charges below 47 centimetres the relation between
the respective lengths of the continuous portions of two veins of water escap-
ing, one from an orifice 6 millimetres in diameter, and the other from an orifice

of half this diameter, is far from being the same as those of the diameters

;

whence it follows that, under these charges, Savart's second law is not satisfied.

But it is evident, at the same time, that this relation converges towards that of
the diameters in proportion as the charge is augmented, and that, under the
charge of 47 centimetres, it nearly attains it ; now, according to what we have
seen above, under this same charge of 47 centimetres, the vein escaping from
the larger of the two orifices very probably nearly attains the efiective con-
ditions of Savart's first law. The conclusions of the preceding section appear
then to agree, as those of § 78, with the results of observation. We shall now,
however, see this agreement confirmed by the results obtained with veins of

water when not withdrawn from extraneous influences.

81. These extraneous influences, which consist of certain more or less regu-

lar vibratory movements transmitted to the veins, do not appear to alter the
laws under consideration, considered generally ; but they produce a curtailment

of the continuous portions, and thus produce the same effect as a diminution
of the diameters of the orifices, so that under their influence Savart's laws be-

gin to be realized with Aveaker charges.

I have just stated that the complete laws which govern the continuous por-

tion do not appear to be changed by the extraneous influences in question;

this will be readily seen when, for each of the series made by Savart under the

influence of these actions, in which series the orifices, the charges, and the

liquid are the same as before, we construct a table of the proportions of the

length of the continuous part and the square root of the charge. Notwithstand-

ing the slight differences arising, on the one hand, from the u*regularities inherent

to the extraneous influences, and, on the other hand, from Savart always having
given the lengths in whole numbers, we shall see that with an orifice of 6 mil-

limetres the proportion still begins to diminish, and converge towards a certain

limit ; only here the limit is less, for the reason I have given above, and the

limit appears to be attained under a less charge than 47 centimetres ; 2d, that

with an orifice of 3 millimetres the proportion is perfectly constant.

Hence the series in question may also serve fcr the discussion of the laws

which govern the length of the continuous part. I shall limit myself here to

the production of two of these series ; they consist of those which Savart

adopted as his type, and from which he deduced his laws. The following are

the tables centaining them

:
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Diameter of the orifice, 6 millimetres.
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number of impulses produced in a given time is equal then to that of the divi-

sions which pass in the same time to the contracted section, and is consequently
proportionate to the square root of the charge.

In the second place, as the normal length of the divisions of a cylinder, sup-

posed to exist under the conditions of our laws and composed of a given liquid,

is proportionate to the diameter of this cylinder, it follows that, for any liquid,

the length of the divisions of the imaginary veiu is proportionate to the diame-
ter of the contracted section, and therefore exactly proportionate to that of the

orifice. Now, for a given velocity of escape, the number of divisions which
pass in a given time to the contracted section is evidently in inverse ratio to

the length of these divisions; if, then, the liquid remains the same, this number
is exactly in inverse ratio to the diameter of the orifice.

Thus the two laws which, according to Savart, regulate the sounds produced
by the veins, would necessarily be satisfied with regard to our imaginary
veins. Now, I say that the sound produced by a true vein will not differ from

that which the corresponding imaginary vein would produce, if the charge is

sufficient relatively to the diameter of the orifice for the velocity of transfer-

ence of the liquid to augment very slightly from the contracted section to a

distance equal to the length of the divisions of the imaginary vein. Then, in

fact, within this extent, the two causes which tend to modify the length of the

divisions, (§ 76,) i. e., the acceleration of the velocity of the liquid and the

resulting diminution in the diameter of the vein, will both be very small ; and
as they act in opposite directions, their resulting action will be insensible, so

that the divisions will freely acquire at their origin the length corresponding

to that of the corresponding imaginary vein. Now, it is clear that in this case

the number of divisions which will pass in a given time to the contracted sec-

tion will be the same in the real and the imaginary vein; consequently the

sounds produced by both the veins will also be identical.

But in confining ourselves to very slightly viscid liquids, as water, we know
that the relation between the normal length of the divisions of a cylinder

imagined to exist under the conditions of our laws and the diameter of this

cylinder must very probably differ but little from 4 ; consequently the same

applies to the relation between the length of the divisions of an imaginary

vein formed of one of these liquids and the diameter of the contracted section

of this vein. If, then, in a true vein formed of one of these liquids the in-

crease in the velocity of transference is very slight at a distance from the con-

tracted section equal to 4 times the diameter of this section, the condition laid

down above will very probably be satisfied : however, to avoid any chance of

being deceived, we will take, for instance, 6 times this diameter.

It is, moreover, clear that, if the condition thus rendered precise is fulfilled

with regard to a given charge and orifice, it will be so, a fortiori, for the same

orifice and greater charges, and for the same charge and smaller orifices. We
arrive, then, at the following conclusions

:

1. When a series of veins, formed of a very slightly viscid liquid, flow suc-

cessively from the same orifice and under different charges, if the least of them

is sufficient for the velocity of transference of the liquid to augment very

slightly, as far as a distance from the contracted section equal to about 6

times the diameter of this section, the number of vibrations corresponding re-

spectively to the sounds produced by each of the veins of the series will neces-

sarily satisfy the first of the two laws discovered by Savart.

2. When a series of veins, formed of a very slightly viscid liquid, escapes

under a common charge and from orifices of different diameters, if the common

charge is sufficient for the same condition to be fulfilled with regard to the vein

which escapes from the larger orifice, the number of vibrations corresponding

respectively to the sounds produced by each of the veins of the series will

necessarily satisfy the second law. It now remains for us to show that the
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above condition was satisfied in the experiments from wbich Savart deduced

the two laws under consideration.

In the series reLating to the first of these laws, the diameter of the common

orifice was 3 millimetres, and the smallest charge was 51 centimetres ; and in

the series which refers to the second law, the value of the common charge was

the same, 51 centimetres, and the diameter of the largest orifice was 6 milli-

metres. For .our condition to be fulfilled with regard to both series, it was

therefore evidently sufficient that it was so in the vein which escaped under the

charge of 51 centimetres, and from the orifice the diameter of which Avas 6 milli-

metres. Now on multiplying this diameter by 0.8, we obtain for the approx-

imative value of that of the contracted section of the vein in question 4.8 milli-

metres, and 6 times the latter quantity gives us 28.8 millimetres, or nearly

3 centimetres. Now if in the expression ~jJ-l—, which gives the general value

of the relative proportions of the velocities of transference at a distance I from

the contracted section and at this section, (§ 80,) we make 7^=51 and 1=3, we
obtain for this proportion the value 1.03; whence it is evident, that from the

contracted section to a distance equal to about 6 times the diameter of this

section, the velocity of transference of the liquid of the vein in question only

increased 3 centimetres more than its original value.

83. Let us imagine a vein of water, and let us call a division considered im-

mediately after its passage to the contracted section, ^. e., at the instant at which

its upper extremity passes this section, the nascent division. It follows from

what we have detailed in the preceding section, starting with a sufficient charge,

that the proportion of the length of the nascent divisions of the vein in ques-

tion to the diameter of the contracted section will assume a constant value, i. e.,

independent of the charge, and that this value will very probably differ but

little from 4.

Now the results obtained by Savart in the experiments relative to the laws

which we have just discussed allow us, as we shall see presently, to verify the

consequences of our principles.

The two opposite causes which tend to modify the length of the divisions

are also those which exert an influence upon the velocity of transference, oi",

more precisely, upon the velocity of the transference of the necks which termi-

nate them, (§ 76.) Now, in the case under consideration, these same causes

both remaining very small throughout the extent corresponding to a nascent

division, their resulting action upon the velocity of transference of the necks

will be insensible throughout this extent; consequently the velocity Avith

which a neck descends may be regarded as exactly uniform and equal to the

velocity of the flow, V^g^ii from the contracted section to a distance equal to

the length of a nascent division.

If, then, for an orifice of a given diameter, A denotes the length of a nascent

division, and t the time occupied by a neck to traverse it, we shall have

Moreover, let n represent the number of divisions which pass to the contracted

section in a second of time ; as the time t evidently measures the duration of

the passage of one of them, we shall have, taking the second as the unit of

time, t= -, and therefore A =-v'2^A. Lastly, let k denote the diameter of

the contracted section corresponding to the same orifice ; to represent the pro-

portion of the length of the nascent division to this diameter, we shall have
the formula

hrJ^' "^
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Now, to obtain, by means of this formula, tbe numerical value of the propor-

tion
-J

relative to a determined charge and orifice, we have only to ascertain,

by experiment, the number of vibrations per second corresponding to this

charge and this orifice ; for then the value of 7i will be given, that of k may
be deduced from the diameter of the orifice employed ; we shall find that of n
by taking (see preceding section) half the number of vibrations found ; and,

lastly, that of g is known. It is unnecessary to remark that the values of h,

k, and g must be reduced to the same unit of length. Now, Savart's observa-

tions relative to the first law give us, for an orifice of 3 millimetres, the num-
ber of vibrations per second corresponding respectively to four different charges

;

we can calculate then, for each of these observations, the value of the propor-

X
tion V.

k
The following table contains these numbers, with the charges to which they

refer. The latter are expressed in centimetres

:

Diameter of the orifice, 3 milliraetres.
Cbarges. Number of vibrations.

51 600
102 853
153 1,024

459 4 1,843

We may conclude, from the results detailed in the note to § 74, that when
the diameter of the orifice amounts to 3 millimetres, that of the contracted
section is almost exactly eight-tenths of this quantity; consequently, if we re-

tain the centimetre as the unit of length, which gives 0.3 for the value of the
diameter of the orifice in question, we shall have

^= 0.3X0.8= 0.24.

Lastly, the numbers of vibrations, aud therefore the values of n, supposing
the second taken as the unit of time, aud the values of h and k being reduced
to the centimetre as the unit of length, we must make ^=980.9.

Substituting in the formula (a) these values of k and g, as also those of h
taken from the above table, and those of n obtained by taking the respective

halves of the numbers of vibrations contained in the same table, we shall find,

for the jjroportion -^ , the four following numbers

:

k

4.39

4.37

4.46

4.29

and we see that, in fact, these numbers closely approximate to each other, and
very nearly amount to 4. The mean of these numbers, i. e., 4,38, gives us
then, very nearly, the constant value which, commencing with a suitable charge,
the proportion of the length of the nascent divisions of a vein of water to the
diamater of the contracted section of this vein assumes.

Tills is also evidently the value of the proportion of the length of all the
divisions of the continuous portion of a vein of water to the diameter of the
contracted section, when the charges are sufficiently considerable for the move-
ment of transference of the liquid to be perfectly uniform throughout the
whole extent of this continuous portion. In experimentally determining, iu

20 s
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the case of any other liquid, the nufiiber of vibrations corresponding to a given

charge and orifice, the vahxe of j referring to this liquid is also obtained by-

means of the formula (a.) If we confine ourselves to liquids, the viscosity

of which is very slight, the values would very probably be found to differ but

little from the preceding ; and it may consequently be considered that, with

the same charge and the same orifice, the sounds produced by the veins formed

respectively of these various liquids are very nearly of the same pitch ; but

the case would undoubtedly be different, at least in general, if we passed to

liquids of considerable viscosity.

Savart says that the nature of the liquid appears to exert no influence upon

the number of vibrations corresponding to a given charge and orifice ; but he

does not point out what the liquids were which he compared in this respect

;

from what we have stated, it may be presumed that these liquids were some of

those the viscosity of which is very slight.

84. Since the partial duration of the transformation of a cylinder may evi-

dently be taken into account, as we have already remarked, by considering

only one of the constrictions of the figure, or simply the neck of the lattei',

and, on the other hand, as this duration varies, for the same diameter, with the

nature of the liquid, it follows that in the vein the time comprised between the

instant at which the superficial section, which constitutes the neck of a con-

striction, passes to the contracted section, and the instant of the rupture of the

line into which this constriction is fonverted, will also vary, all other things

being equal, with the nature of the liquid. Now, it necessarily follows from

this, that for the same charge and the same orifice the length of the continuous

part of the vein will vary according to the nature of the liquid ; and this con-

clusion is also in conformity with the results of experiment. In fact, as is well

known, Savart has measured the continuous portion of four veins flowing un-

der identical circumstances, and formed respectively of sulphuric ether, alco-

hol, water, and a solution of caustic ammonia, and he found the following

lengths:

Ether 90
Alcohol 85
Water 70

Ammonia 46

85. Hitherto we have only entered upon the consideration of veins projected

vertically from above downwards. Let us now consider vtins projected in other

than vertical directions. These are incurved by the action of gravity, and can-

not, therefore, be any further compared to cylinders ; but we must remark, that

the phenomenon of the conversion into isolated spheres is not the result of a

property belonging exclusively to the cylindrical form; it appears that this

phenomenon must be produced in the case of every liquid figure, one dimen-
sion of which is considerable with regard to the two others; we have, in fact,

seen the liquid ring formed in the experiment described in § 19 become con-

verted into a series of small isolated masses, which would constitute so mnny
spheres if their form were not slightly modified by the action of the metallic

wire which traverses them. We can understand, then, that in curved veins

divisions passing gradually to the state of isolated spheres ought also to be
produced; consequently, the constitution of veins projected either horizontally

or obliquely must be analogous to that of veins projected vertically from above
downwards, which conclusion agrees, in fact, with Savart's observations.

This analogy of constitution must evidently extend to the ascending por-

tion of the veins projected vertically from below upwards ; only in the case of

the latter veins the phenomena are disturbed by the liquid which is thrown
back.
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8G. TIic properties of those liquid figures, one dimension of which is con-

pidemblo with regard to the two others, and particularly of cylinders, furnishon

then the complete explanation of the constitution of liquid veins projected

from circular orifices, and accounts for all the details and all the laws of the

phenomenon, at least so long as the modifications produced in it by extraneous

causes, i. c, by the vibratory movements transmitted to the liquid, arc excluded.

As regards the mode of action of these vibratory movements, it is evident

that the properties of the liquid cylinders cannot make us acquainted with

them. These movements constitute a totally ditferent cause from the con-

figuring forces, consequently one which is foreign to the general object of our
treatise; however, to avoid leaving a deficiency in the theory, Ave will also

examine, relying upon other considerations, the manner in which the vibratory

movements act upon the vein, and we shall thus arrive at the complete ex-

planation of the modifications which result from it, and the constitution of th©
latter ; but we shall reserve this subject for the following series.

The influence exerted by the vibratory movements communicated to the

liquid led Savart to regard the constitution of the vein as being itself the

result of certain vibratory movements inherent in the phenomenon of the flow.

Erom this assumption, Savart has endeavored to explain how the kind of dis-

turbance occasioned in the mass of the liquid by the emission of the latter

might in reality give rise to vibration, and he has shown that the existence of
the latter would entail the alternf^te formation of dilatations and constrictions.

hi the vein. It has been shown, in the exposition of our theory, that the con-

stitution of the vein is explained in a necessary manner by facts, quite inde-

pendently of all hypothesis. We may then, I think, dispense with a detailed

discussion of the ingenious ideas which Ave have mentioned, ideas for the com-
plete compi'ehension of Avhich Ave must refer to Savart's memoir itself. We
shall merely remark, that it is difficult to admit the kind of disturbance sup-

posed by Savart to occur, except during the first moments after the orifice is

opened ; moreo\'er, that it is not A-ery evident hoAv the vibrations in question,

after having traced upon the surface of the A'cin a nascent division, Avould pro-

duce the further development of the latter, so as to make it pass gradually,

during its descent, to the state of an isolated mass ; lastly, that to remove
these difficulties, w^e should again be obliged to have recourse to additional

hypotheses, to arrive at the Liavs governing the length of the continuous por-

tion, and those to AA'hich the numbers of vibrations corresponding to the sounds,

produced by the shock of the disturbed portion are subject. IIoAvever, it is

by borrowing one of Savart's ideas, Avhich becomes applicable Avhen, from,

some external cause, vibrations are really excited in the liquid, that Ave find,

the elements requisite for entering upon the latter part of the theory.

87. In the next series, after liaAnng concluded what relates to the A^ein, we
shall return to the liquid masses free from gravity ; and Ave shall study the^

other figures of I'^evolution besides the sphere and the cylinder, as also those

figures Avhich do not belong to this class, for Avhich the eqiiation of equilibriumi

may be interpreted in a rigorous manner.
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THIRD SERIES.

Theory of the modifications which liquid veins, projected from circular orifices,

undergo under the influence of vibratory moreincnts.

§ L In the preceding series we deduced from the properties of our liquid*

fio-ures the theoretical explanation of the constitution of liquid veins projected

fi-oni circular orifices and withdrawn from all disturbing influence; it now

remains to consider, also, under a theoretical, point of view, the curious phe-

nomena which are produced when vibratory movements are communicated to

the liquid. Commencing our investigation, as has been already stated, with an

idea announced by Savart, we shall show how these movements combine their

effects with those of the configurative forces which determine the gradual

transformation into isolated inasses, and thenceforth all the phenomena in ques-

tion will be explained in a natural manner.

After aiming to establish, by help of an ingenious theory, that the disturb-

ance occasioned in the mass of the liquid of the vessel by the efflux itself may
excite in that mass vibrations directed perpendicularly to the plane of the

orifice, Savart has shown that similar vibrations would result in the formation

of alternate dilatations and constrictions on the surface of the vein, because

the portion of the latter which would issue during the continuance of a vibra-

tion, directed from within outwards, would undergo a compression which would

increase its thickness, while the portion which issued during the continuance

of a vibration directed from without hiwards would undergo, on the contrary,

a contraction which would attenuate it. Now, as our researches have shown,

the formation of dilatations and constrictions of the vein is "due to quite another

cause than vibratory movements, namely, to the instability of the equilibrium

of figure; but when vibratory movements are transmitted from the exterior to

the liquid of the vessel, and exist, consequently, in reality in that liquid, when,

for instance, we place in communication with the walls of the vessel a sonorous

instrument in vibration, then the movements in question must necessarily tend

to exert on the vein the action supposed by Savart ; and if these movements

are suitably periodical, their action will evidently concur with those of the

configurative forces. We shall presently examine this more closely ; but we
must first return to a point of the theory whicli we have stated in regard to

veins not submitted to that influence.

§ 2. As was seen (2d series, §§ 72, 74, and 82) when the flow takes place

in the direction of the descending vertical, if we imagine the movement of

translation of the liquid to be exactly unilbrm, the laws of the transformations

of cylinders apply clearly to the vein, and we thence easily dcnluce the laws

mdicated by Savart, laws which control, we know, the length of the contin-

uous part and the sound rendered by the impact of the tUscontinuous part

against a stretched membrane. But this case of uniformity in the movement
of translation cannot be realized ; we can only approximate to it by augment-

ing the discharge, (Ibid., §§ 72 and 73,) and, in the whole length of the con-

tinuous pai't, the movement of translation is always more or less accelerated
;

whence it necessarily results that, in the absence of configurative forces, the

vein would continue to grow narrower iudtifinitely from above downwards.

Hence, the liquid figure being no longer exactly cylindrical, the laws of the

transformation of cylinders could be no longer applicable to it without some
modification; and since the volume of the divisions* of a cylinder is pi-opor-

"
It will l)f' remeniborcd tl.it we ilfsigiiate as divisions of a lif^nid iTlinder tlio portions

of tlijit cylinder each of v.iiich is converted into an isolati-d sphere, nnd I hut, during the

tv;insformation, all the divisions are limited hy the circles of the neck (ccrclcs <lc. gorge) of

the constriclious.
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tioiiably less as the diameter of the cylinder is smaller, it would seem that the

divisions of the vein must undergo, during their descent, a gradual diminution

of volume in a certain ratio with the above attenuation. Now, notwithstanding

the apparent legitimacy of the inference, this was nothing more than an hy-
pothesis, and it was improperly presented as the expression of the reality. In
effect, it led, in the first place, to a consec|uence difficult to be admitted, namely,
(Ibid., §§ 76 and 77,) that the liquid descends more rapidly than the divisions,

and that, moving thus in a sort of channel of dimensions alternately wider and
narrower, its velocity would undergo a succession of periodical valuations

;

moreover, if the divisions lost something of their volume in the transit of the

continuous part, it would follow that the volume of each isolated mass would
be less than that of an incipient division, and as the same quantity of liquid

must necessarily pass, within the same time, at all distances from the orifice,

the number of masses which would strike per second upon a stretched mem-
brane would be greater than that of the divisions which would commence per

second at the contracted section, a result irreconcilable, aa will presently

appear, with our theory of the influence of vibratory movements on the vein.

But another hypothesis may be formed equally probable, a priori, which
does not involve the difficulties just mentioned, and which, as we shall see, is

sustained by the results of experiment. Instead of regarding each division as

independent of those adjacent, and as thus freely and gradually diminishing in

volume by reason of the progressive slenderuess of the vein, so that all those

which, at a given instant, are ranged along the continuous part shall have
volumes decreasing from the upper to the lower, it may be assumed with equal

probability that these divisions are reciprocally dependent (solidaires ) as re-

gards one another, and that, in virtue of this reciprocal dependence, (solidarite,)

they must all have an equal volume, but that, in consequence of the attenua-

tion of the vein, this uniform volume is intermediate between those which
would correspond separately to the two ext^me divisions ; this volume would,
therefore, be proportionably less as the vein tends more to grow slender, or, in

other words, proportionably less as the discharge is weaker. In this way all

complication disappears ; the divisions descend with the proper velocity of the

liquid without modifying their initial volume ; the liquid does not pass from
division to division, and hence its velocity of translation does not undergo
periodical variations ; finally, each division which leaves the contracted section

furnishes only the material of a separate mass, and consequently the number
of masses which strike, in a given time, upon a stretched membrane is always
equal to that of the divisions which pass, in the same time, at the contracted

section. Only, when we diminish or increase the discharge, the division.^

acquire, from their origin, a less volume in the former case and a greater

volume in the second, a volume which they will afterwards preserve through
the whole passage of the continuous part.

It is essential to rcjmark here that these variations in the volume of the

incipient divisions necessarily require corresponding variations in their length,

and that hence these divisions must be shorter or longer according as the dis-

charge is weaker or stronger.

§ 2 his. We shall adopt, then, as more simple, and as harmonizing theory

with facts, the new hypothesis just presented, and it will be necessary to cor-

rect in this sense § 76 of the 2d series. This hypothesis leads us, like the

first, to recognize two kinds of influences acting in opposite directions on the

Jaw which determines the length of the continuous part when we cause the

discharge to vary ; but here, again, we shall see that matters tend to simplifi-

cation.

First, let us remember that if the movement of translation were uniform,

the proportionality to the square root of the discharge would still be satisfied,

even begiuuing with very weak discharges, (2d series, §§ 72 and 75.) Now,
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if the divisions descend with the accelerated vehDcity of tlie liquid, and if we

sujipose that there thence results no change in the duration of tlieir transforma-

tion, they will pass, during that duration, over a more considerable space, so

that the continuous part will be longer than if the acceleration did not exist,

raid the excess, compared with the length which the continuous part would

have in the case of the uniform movement, will be considerable under a weak

or moderate discharge, while it will be inconsiderable under a very strong dis-

charo-e this latter rendering the movement of translation in the continuous

part sensibly uniform. Accordingly, when we pass from the first of these two

discharges to the second, the ratio of the leugths of the continuous parts which

respectively correspond to them will be nearer to unity than it woukl be if the

acceleration were null ; that is to say, nearer to unity than that of the square

roots of the discharges.

But the divisions cannot descend with an accelerated movement Avithout

being at the same time elongated, (2d series, § 76,) and thence proceed two

causes of diminution in the duration of the transformation. We have seen

(2d series, § 06) that the more the length of the divisions of a cylinder sur-

passes the limit of stability, the greater is the rapidity of transformation ; and,

on the other hand, the stretching out which the divisions of the vein thus

undergo must attenuate the constrictions more than the dilatations, because

the former, having already a tendency to grow deeper by the action of the

configurative forces, oppose no resistance to the cfiects of the elongation, while

the latter resist by virtue of the contrary tendency. This second influence,

the diminution, namely, in the duration of the transformation, a diminution

which must be so much the more decided as the rapidity of translation less

approximates to uniformity, or as the discharge is Aveaker, operates evidently

to render the law more rapid than the proportionality to the square root of the

discharge, and this influence is consequently opposed to the former.

Finally, there is a third influence, the inverse of the preceding, and hence of

the same character with the first: as was shown at the end of the 2d para-

graph, the incipient divisions must be proportionably shorter as the discharge

is weaker ; but, agreeably to what has been said above, this curtailment, by
diminishing the excess of the length of each division beyond the limit of sta-

bility, must tend to augment the duration of the transformation. Consequently

the 78th paragraph of the 2d series, relating to the neutralization of the two

opposite kinds of influences, and therefore to the manifestation of the laws of

8avart, remains unchanged; only it must not be forgotten that the influences

to which we now refer are not altogether those which were indicated in the 77th

paragraph of that series, and it Avill be seen that, they are rather more simple.

But the second part of the 82d paragraph of the 2d series, in which we sought

to establish a priurl the conditions for realizing the laws advanced by Savart

in I'egard to the sounds which veins render, cannot be maintained, for the con-

siderations therein set forth rest on the first hypothesis. In reasoning accord-

ing to the new one we will say : for a determinate orifice, in proportion as the

discharge is increased, the constitution of the vein approximates more and
more to what it would be if there were no acceleration, and consequently the

length of its incipient divisions verges towards that which they Avould acquire

in the same case; whence it follows, from the first part of the same paragraph

82, that starting with a less discharge sufiiciently strong, the laws of Savart

will be necessarily satisfied. This is all that the new hypothesis can furnish

us on the subject of the conditions in question ; it does not enable us to deter-

mine the least discharge under which these conditions begin to be fulfilled; for

it does not give the precise elements for calculating the length of the incipient

divisions.

Lastly, the commencement of § 83 of the 2d series, which establishes, upon
tho other hypothesis, the approximate uniformity of the movement of transla-
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tion of tlie necks {cercles de gorge) of the constrictions in the small extent
which corresponds to an incipient division, must be also rectified. Ou the new
hypothesis, the movement of translation of the cercles de gorge is the movement
itself of the liquid, and we can calculate consequently with exactness, for the
discharge and orifice employed by Savart, how much the velocity has increased
at a distance from the contracted section six times the diameter of that sec-

tion, that is to say, evidently greater than the length of an incipient division,

and the increase thus obtained scarcely exceeds a hundredth. The new hy-
pothesis therefore establishes, as well as the first, the nearly exact uniformity
of the movement of translation of the cercles de gorge in the small extent in
question, and consequently all the rest of the paragraph is justified.

§ 3. These rectifications having been made, we proceed directly to the sub-
ject. We will first briefly recapitulate what, according to the researches of
Savart, are the modifications which the vein experiences under the circum-
stances we are considering, that is, when it is under the influence of vibratory
movements. The first fourteen of the following Nos. relate to veins descending
vertically.

1. The continuous part is shortened.

2. The thickness of the limpid poi-tion seems augmented.
3. Each of the masses which are isolated at the lower extremity of the con-

tinuous part is first flattened in the vertical direction, and consequently its

horizontal diameter is greater than that of the sphere which it tends to consti-

tute.

4. The masses being thus abandoned to themselves under a flattened form,
and tending to assume the spherical form, they afterwards exceed this latter

through the effect of inertia, and are lengthened in the vertical direction, are

then flattened anew, and again elongated, and so on in succession ; so that their

horizontal diameter, which was at first greater than that of a sphere of the same
volume, becomes afterwards less than this latter, then again greater, &c. These
periodical variations of the horizontal diameter of the masses taking place
while the latter are borne forward by their movement of translation, the im-
pression left on the eye hy the rapid passage of any one of these masses must
be that of a figure presenting a regularly arranged series of maxima and minima
of thickness, the former corresponding to the places by which the mass has
passed at the moments of its greatest horizontal development, and the latter

to the places by which it has passed at the moments of greatest horizontal con-

traction ; and since the successive masses pass, either exactly or nearly so, by
the same places in the same phases of their oscillations of form, the impression
Avhich they individually produce are more or less completely identified, and the
discontinuous part of the vxiin presents in a permanent manner the differences

of thickness in question ; in other words, this discontinuous part appears to be
composed of a regular series of elongated expansions and nodes occupying fixed

positions. When the above superposition is imperfect, each expansion presents
the appearance of an assemblage of films, of which each constitutes a species

of cone having for its axis that of the vein. About the half of the first expan-
sion is formed by the passage of the dilatations of the base of the continuous"
part, so that this continuous part terminates about the middle of the length of
that expansion.

5. The length and the diameter of the expansions are so much the more con-

siderable as the discharge is stronger and the diameter of the orifice greater,

and the same is the case as regards the diameter of the nodes.

6. This assemblage of phenomena is manifested even when the. vein is left

to itself under the ordinary circumstances, that is, when vibratory movements
are not designedly excited in the liquid of the vessel. This results, on the one
hand, from the circumstance that the impact of the discontinuous part upon the
liquid in which it falls occasions vibrations which are transmitted to the vessel
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through the intervention of the air and the supports, and, ou the other hand,

from the vessel also receiving through the supports the slight vibrations due to

external sounds communicated by the ground. It is only by withdrawing the

vessel, by means of certain expedients, from these two influences that the vein

assumes the aspect proper to it.

7. But all the phenomena enumerated under the first five of the preceding

numbers become much more decided and n^gular when, by help of an instru-

ment, we produce, iu the vicinity of the apparatus, a sound in consonance with

that which would result from the shock of the discontinuous part of the vein

against a stretched membrane. The continuous part is then considerably short-

ened ; the diameter of the limpid portion is increased, the dilatations, being still

further massed upon themselves, grow larger, so that the nodes which separate

them are more elongated, and appear of smaller diameter.

8. Besides the above unison, other sounds, produced by an instrument in the

ueigliborhood of the apparatus, act upon the vein iu an analogous manner, but

with much less energy. There are also sounds Avhich exert no influence.

9. In the particular case where the instrument varies very little from unison,

the continuous part of the vein is lengthened and shortened alternately, and the

ear is sensible of beats which coincide with those variations of length.

10. AYhen the discontinuous part of the vein is received on a body which
can render only a determinate sound, it frequently happens that the vibrations

of that body modify the sound proper to the vein ; but this appears impossible

unless the interval between the latter sound and that which agrees with the

body impinged upon does not exceed a minor third. When the sound of the

vein is thus modified by a foreign sound, it frequently requires only, in order

to cause a return to the tone which pertains to it, a slight blow on the apparatus

or a change of position in the l)ody impinged upon, and it is always by abrupt

starts that the return is eficcted. If the interval between the two sounds be

very slight, they may make themselves heard periodically or even simultaneously.

11. I'he modifications which the vein experiences under the influence of the

vibratory movements still increase and acquire a perfect regularity when the

sonorous instrument, (7,) instead of being at a certain distance from the appara-

tus, is placed in contact with the walls of the vessel and renders a very intense

sound exactly in unison with that which is proper to the vein. The continu-

ous part is then so much abridged that the upper extremity of the first dilata-

tion almost touches the orifice, and, further, the superposition of the expansions

formed by the individual masses (4) is exact, so that no appearance of films is

longer perceptible.

12. This extreme regularity enables us clearly to distinguish the apparent
figure produced by the passage of the spherules interposed between the masses,

a figure which occupies the axis of the vein from the extremity of the continu-

ous part ; here also may be observed expansions and nodes, but shorter than
those which are due to the passage of the masses.

13. By means of an instrument thus placed iu contact with the walls of the

vessel, almost all sounds can produce effects analcigous to those of unison with

the tone proper to the vein; but these eff'ects are less decided iu proportion as

the sound of the instrument varies more from the unison in question.

14. Further, under this condition, when the sound which is natural to the

vein is not iu accord with that of the instrument, it may be brought to be so,

even when the variance between the numbers of vibrations is sufficiently great

to constitute an interval of a fifth above or more than au octave below the
sound proper to the vein.

15. If the veui, instead of flowing vertically from above downwards, is pro-

jected horizontally, and is left to the ordinary circumstances, or, in other words,
is not under the influence of a sonorous instrument, but is allowed to strike the
liquid of the vessel which receives it, the discontinuous part presents expau-
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sions and uodcs such as, in tlie same circnmstanccs, are presented by tliat of
vertically descending veins, (G,) and the vibrations ot an instrument modify it

in the same manner. If the vein be ejected obliquely from belo^y upwards,
the same phenomena are still observed, so long as the angle which it forms with
the horizon does not exceed 20° to 25°.

16. But beyond that limit, and as far as 45° to 50°, the d^iscontinuous part
assumes other aspects : when the vein is not under the influence of the sound
of an instrument, this discontinuous part appears spread out on one vertical

plane into a sort of sheaf. Under the action of vibrations of a definite period,

it may happen that the sheaf is resolved into two quite distinct jets, having
each its expansions and nodes regularly formed ; it may even be that, for

another definite sound, the sheaf shall be replaced by three jets ; finally, there
is always a sound which reduces the entire vein to a single jet, presenting a
system of expansions and nodes perfectly reguhn-, and this sound is also that

which ])roduces the greatest* shortening of the continuous part.

17. For the same discharge and the same orifice, the number of vibrations

corresponding to the sound which exerts the maximum of effect on the length
of the continuous part and on the dimensions of the expansions of the vein,

is so much less as the direction in which this last is ejected makes a greater
angle with the descending vertical drawn from the orifice. The difference

between the numbers of vibrations Avhich correspond with the case in which
the jet falls vertically and with that in which it is projected horizontally, is

inconsiderable; but it becomes very great between this last case and that in

which the jet is an ascending vertical.

§ 4. Let us proceed now to the explanation of these singular phenomena.
What follows, as far as § 24, will relate to veins ejected in the descending ver-

tical, and, up to that point, such veins must constantly be kept in view.

Experiment has taught us (2d series, § 46) that, in the transformation of a
liquid cylinder the length of a constriction is exactly, or at least almost exactly,

equal to that of a dilatation, and we shall hereafter demonstrate that this

equality is strictly exact'at the commencement of the phenomenon; now this

result is evidently applicable to the incipient constrictions and dilatations of

the vein, and it follows that the respective durations of the passage of one of

these constrictions and of one of these dilatations at the contracted section are

equal ; on the other hand, a division of a cylinder or of a vein being com-
prised between the centres of two neighboring constrictions, and hence being
composed of a dilatation and two semi-constrictions, the duration of the

passage of a division of the vein at the contracted section is necessarily

equivalent to the sum of the durations required for the passage of a dilatation

and a constriction; and since these two last are equal, we arrive at this first

consequence, that the duration of the passage, Avhether of a constriction or a
dilatation, at the contracted section, is equal to half that of the passage of a
division.

But the number of vibrations per second corresponding to the sound ren-

dered by the impact of the discontinuous part of the vein upon a stretched

membrane is. we have seen, (2d series, § 82,) double that of the isolated masses
which, in the same interval of time, strike upon that membrane, and, in virtue

of our new hypothesis, (§ 2,) this last number is always equal to that of the

divisions which pass, Avithin the same time, at the contracted section ; hence
the duration of each of the vibrations in question is, like the duration of the

passage of a constriction or a dilatation, equal to half that of the passage of

a division, and we thence deduce, finally, this fundamental conclusion : The
duratloA of each of the vibrations corresponding to the sound proper to the vein

is equal to that of the passage of a constriction or of a dilatation at the con-

tracted section.
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§ 5. Let us suppose now that, tlirougli the means indicated by Savart, we

liave withdrawn the vein from the influence of the vibrations caused by the

fall of the liquid into the vessel which receives it, and from that of external

noises ; and that then, the vein being left to the sole action of the conligura-

tive forces, we transmit to the vessel from which it escapes, and consequently

to the liquid contained therein, a sound exactly in unison with that which

would be rendered by the impact of the discontinuous part against a membrane.

The liquid which flows from the interior of the vase towards the oriflce, passes

through it under the action of the resulting vibrations; and if these are com-

municated in a vertical direction, each portion of the vein which escapes at the

contracted section, under the influence of a descending vibration, will be pro-

pelled by the velocity V -Zgh increased by that of the vibration, and will, con-

sequently, contain more liquid than the portion which would have passed in

the same time in the absence of the vibrations. The excess of velocity will

tend, it is true, to be communicated to the part of the vein situated below that

which Ave are considering ; but, putting out of view for a moment the conflg-

urative forces, we must at least admit that this inferior part will oppose a cer-

tain resistance in virtue of its inertia, and that, therefore, the excess of liquid,

superinduced by the excess of velocity, will tend to disperse itself in a hoi-i-

zontal direction, or, in other words, to dilate the portion to which it pertains.

This being premised, if the nearly cylindrical figure which the vein would
assume undei' the sole effects of the movement of translation of the liquid and
of the circular form of the orifice was a stable figure of equilibrium, the portion

Avliich, under the action of the descending vibration, dilates Avliile it passes at

the contracted section, would at the same time exert an effort to return to its

first form ; whence it necessarily follows, upon the hypothesis in question, that

in proportion as the dilatation is formed, it would be propagated to the subjacent

sections, and Avould constitute on the surface of the vein a dilated wave of a

certain length, which would advance with a velocity equal to the sum of the

velocity of its own propagation and of that of the liquid. Then also the por-

tion of the vein which would afterwards pass at the contracted section under

the action of an ascending vibration, and which would consequently traverse

that section with the velocity -^J •>, gk diminished by that of the vibration, would
produce, for the opposite reason, a constricted wave of the same length with

the dilated wave, and which Avould advance behind the latter with the same
velocity ; there would then come a new dilated Avave followed by a new con-

stricted one, and so on, as long as the communication of A'ibratory moA-cments
was continued. But, by reason of the instability of the cylindrical figure and
of the tendency of the A'ein to transformation into isolated spheres, things Avill

pass in quite another manner. Let us imagine that the loAver extremity of one
of the dilatations, Avhich AA^ould be formed by the sole action of the configura-

tive forces due to the instability, should traverse the contracted section at the

precise moment A\'hen a descending vibration commences in the liquid. Noav,

since the configurative forces impel in a continuous manner into this portion of

the vein an excess of liquid which dilates it, Avithout any tendency in the A'eiu

to return upon itself, avc see that the quantity of liquid superinduced at the

same time by the additional velocity due to the descending vibration may be
distributed in the horizontal direction and contribute to the formation of the
dilatation, Avithout having to surmount a contrary tendency. Moreover, since

the duration of the vibration is equal to the time Avhich the portion of the vein,

Avhose configurative forces Avould themselves alone form an incipient dilatation,

occupies in passing at the contracted section, the upper extremity of that por-

tion Avill traverse the contracted section at the precise moment Avhen the vibra-

tion terminates, so that the immediate action of this vibration Avill be exerted
on the Avhole portion in question, and only on that portion. In fine, since the

dilatation produced by the combined actions of Avhich aa'o have just spoken has
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no tendency to becomo ofFaccd, it will not be propagated to the subjacent parts,

and conse(.j[uciitly will not give rise to a wave. Hence the portion of the vein

under consideration will be more dilated from the first than it would have been
in the absence of vibratory movements ; but it will have the same length and
descend with the same velocity as in tliis latter case.

After the descending vibration will come an ascending one, and this latter

diminishing the velocity of the passage at the contracted section, there will re

suit, as has been already remarked, in the portion of the vein which passes
nnder its iuHueuce, a diminution of volume, so that this portion will tend to be-

come narrower; but the conhgurativc forces tending to make of this same por-
tion an incipient constriction, the attenuatiim due to the vibration will becficcted

without encountering an opposite tendency, and consequently without giving
rise to the formation of a wave. Thus we see that, as in the case of the dila-

tation which precedes it, tlie constriction formed by the double action of the
configurative forces and of the vibration will be less decided, but will have the

same lesigth and descend with the same velocity as if the vein were abandoned
to the sole action of the configurative forces.

In fine, the same thing Avill take place in regard to all tlie other dilatations

and constrictions : in virtue of the equality between the time occupied by each
of these portions of the vein in passing at the contracted section and the dura-
tion of each vibration, all the dilatations will coincide with the descending
vibrations, and all the constrictions with the ascending vibrations; all will con-
sequently preserve their length and their velocity of translation, but all will

quit the contracted secticm more distinctly defined, or, to use other words, in a
more advanced phase of transformation, than if vibratory movements had not
been produced.

§ G. But the action of these movements will not be limited to this: in effect,

the velocities of the ascending and descending vibrations—velocities which, a?

we have shown, change direction in the dilatations and constrictions to produce
a greater transverse development of the former and a greater attenuation of the
latter—cannot be annihilated, in each of these portions, at the moment when its

passage at the contracted section is finished ; these velocities thus changed into

transverse velocities will continue therefore, as acquired velocities, to form an
addition to those which result from the configurative forces.

§ 7. In order that the transmitted vibrations shall exert with full intensity

on the incipient divisions of the vein the action described in the two preceding-

paragraphs, it is necessary that at the orifice they should have, as we have sup-

posed, a vertical direction. It would be difficult, doubtless, to show a j^rlon that

in being propagated to the orifice the vibrations really take that direction ; but
Savart, who has been so much occupied with the communication of vibratory
movements, admits the fact implicitly : he supposes, in eti'ect, that on the one
hand these vibrations only reinforce those which arise, according to him, from
the efflux itself and which would necessarily be vertical, and on the other he
does not say that, to obtain the maximum of action, it is necessary to give to

the sonorous instrument any particular position. For the rest, if we find therein

some difficulty, it would sufflce to remark that whatever be the real direction

in which the liquid molecules, in traversing the orihce, execute the vibrations

transmitted to them, we may always, save in the wholly exceptional case in

which that direction is exactly horizcnital, decompose each vibration into two
others, of which the horizontal one will exert no influence on the transforma-

tion of the divisions of the vein, while the other and vertical one will exert its

whole action.

We have supposed, moreover, that the moment when each descending vibra-

tion commences is also that when the lower extremity of each dilatation passes
at the contracted section ; but if, at the first instant when the viA)rations make
themselves felt, this coincidence does not take place, there will be a conflict
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between the action of tlie confignrative forces and that of the vibiMtioiis, nnd it

mny be readily conceived that then the transformation of the vein, whicii being

only a phenomenon of instability may be displaced by slight causes, will cause

thecoUective dilatations and restrictions to retrograde or advance, so as to estab-

lish very soon the above coincidence and thus allow the concurrence and entire

freedom of the two systems of action.

§ 8. These principles being established, we shall see emerge from them one

by one all the modifications undergone by the vein through the influence of the

vibrations.

Let us fn-st remember that when the vein is abandoned to the sole action of

the confignrative forces the velocity with which the transformation is accom-

plished remains very small to a quite considerable distance from the contracted

section, which gives to the corresponding portion of the vein a calm and limpid

aspect; in the second place;, that, further on, the dilatations acquiring a marked
and more rapid development, the vein appears to grow larger up to the point

at which the masses become isolated ; and, finally, that beyond that point the

diameter of the vein, a diameter which is that of these masses, is sensibly uni-

form. (2d series, § 70.)

Let us suppose now such a vein, and produce, in proximity with the apparatus,

the sound we have been considering in all that precedes. Under the infiuence

of this sound each division quitting the contracted section in a more advanced
phase of transformation, (§ 5.) and the transformation moreover advancing from

that phase with a greater velocity than it would have done under the sole in-

fluence of the configurative forces, (§ 6,) it necessarily results that this transfor-

mation will be completed in less time ; consequently each division will attain

the state of an isolated mass at a less distance from the orifice, and thus the

continuous part will be rendered shorter. And since the dilatations are more
developed from their inception, we see, in the second place, that the apparent

thickness of the limpid portion of the vein, a thickness which, at each point in

th^ length of that limpid portion, is evidently that which the dilatations have
acquired at the moment of passing it, will be augmenti.'d. In the third place,

the excess of transverse velocity which the transtVn-mation receives from the

vibrations, and which continues as acquired velocity, must necessarily cause the

horizontal diameter of the successive masses to exceed that of the sj)heres

which these masses tend to constitute, so that the masses will become flattened

in the vertical direction. But we perceive that this horizontal extension and
vertical flattening render the capillary pressure, at the circumference of the

mass, superior to that of the points near the axis, and that thence arises an in-

creasing resistance which ends by destroying the transverse velocity. Then
the difi'erences of pressure mmII act freely, and the mass will return upon itself

to attain its figuie of equilibrium, that is, the spherical figure; but the phe-
nomenon, being effected with an accelerated velocity, cannot stop at this last

figure, and the mass will be contracted in the horizontal direction while it is

elongated in the vertical direction, until the increasing resistance which results

from new inequalities between the pressures has annihilated the acquired ve-

locity; the mass being now urged by the differences of pressure which have
produced that resistance will again return towards the spherical figure, which
it will once more surpass, and extending itself a second time in the horizontal

direction will become flattened in the vertical one; after Avhich it will recom-
mence the same series of modifications, and will continue these oscillations of

form as long as its fall continues.

Thus we explain very simply, for the case of unison with the sound which
the impact of the discontinuous part would occasion, the facts recited in Nos. 1,

2, 3 and 4, of § 3. Only, as the extremity of the continuous part of the vein
occurs about the mid-length of the first expansion, and consequently is little

distant from the point corresponding to the first of the maxima of thickness of
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tho discontinuous part, we perceive that each mass must attain its first pnase
of greatest horizontal devehipment a little before it corapletel}^ detaches itself,

atid at the moment, no doubt, when it clings to that which follows it only by a

thread. x\s to the system of films of which the expansions present the ap-

pearance when the phenomena are not altogether regular, this, as Savart has

stated, is evidently the result of the inexact superposition of several expansions

individually produced by successive masses : these expansions are then seen

simultaneously, aud arc observed as though through one another, from the effect

of the persistence of their impressions on the retina.

§ 9. It is clear that the time comprised between two phases of the strongest

horizontal contraction, or, in other words, that which each mass occupies in

accomplishing a complete oscillation of form, is independent of the velocity of

translation; consequently, the interval which a mass traverses during the time

in question is proportionably greater as the velocity of translation is more con-

siderable; but this interval is evidently the distance which separates the centres

of two nodes, or the length of an expansion;* this length must therefore in-

crease with the discharge.

The volume of the incipient divisions thus increasing with the discharge,

and each of these divisions furnishing an isolated mass, the volumes of these

masses must equally increase with the discharge ; now the more volume these

masses have, the greater must be their horizontal diameter in its successive

maxima and minima; but these maxima and muiima diameters are respectively

the diameters of the expansions and nodes; hence the diameters of the expan-
sions and those of the nodes must also augment with the discharge. Only this

augmentation tends towards a limit of but little extent ; for the greatest volume
which the isolated masses can acquire is evidently that which they would assume
wex'e the movement of translation of the liquid uniform, that is to say, were it

that of the spheres into which miglit be resolved an indefinite cylhider formed
of the same liquid and having a diameter equal to that of the contracted sec-

tion. (2d series, § 74.)

Now, if the quantity does not vary, but we use a larger orifice, the volume
of the divisions of the vein, and consequently that of the isolated masses, will

be more considerable ; but the greater these masses, the less rapid must be

their oscillations of form, and therefore the more space must they traverse in

their descent, during one of these oscillations ; hence the length of the expan-
sions must increase with the diameter of the orifice. As to the respective

diameters of the expansions and nodes, it is evident, from what has been re-

marked above, that they will increase at the same time. We see, therefore,

from the contents of this paragraph, that the facts of No. 5 of § 8 are neces-

sary consequences of the theory; always, however, upon the supposition that

the vibrations are of the same period with those of the sound proper to the

vein. We pass now to the facts of Nos. 6 and 7.

§ 10. When the vein is not under the infiuence of a sonorous instrument,

but is received in a vessel placed upon the ground, the principal cause of the

vibratory movements ti"ansmitted by the air and the supports to the vessel

from which the discharge takes place is the impact of the isolated masses
against the liquid into which they fall ; we perceive then that, in these move-
ments, vibrations must prevail of the same period with those which Avould

result from the impact of the masses in question against a stretched membrane,
and consequently the action exerted upon the vein is explained by what has

been stated in the preceding paragraphs. But the vibrations thu.-j produced
not having a great intensity, the modifications of the vein cannot acquire all

* It is thus that Savart seems to consider the expansions when occupied witli their length,

and we conform to his cxprcisloni in the following paragraph ; bat, in reality, it is obvious
that tho space iu c|uestiou is conipojcd of au expansion and two half nodes.
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the development of whicli they are susceptible ; besides, these vibrations being

but little regular, and being accompanied by slight and still more irregular

vibrations which proceed from external noises, the phenomena cannot fail to

be impressed by these irregularities, and it is under these circumstances, in

effect, that Savart describes the appearance of films in the interior of the ex-

pansions.

Savart has approximately measured, under the circumstances in question, in

veins of water ejected by two different orifices and with different discharges,

the lengths and diameters of the expansions as well as the diameters of the

nodes. We deem it not superfluous to reproduce here the results of those

measurements, in which the centimetre is assumed as unity

:

Orifice of six millimetres diameter.

Discharges.
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massed on each other, and the nodes which separate the latter will seem to be
elongated. And such, in reality, as we see by No. 7 of § 3, is the state of the

vein under the influence in question.

The phenomena would be much mgre regular still if the Vein were originally

withdrawn from all extraneous influence, and Savart, in fact, speaks of the

great regularity of the expansions which show themselves when such a vein is

received on a stretched membrane, which then serves as a sonorous instrument
yielding an unison.

§ 12. When the instrument, which is made to resound in the vicinity of the

apparatus, yields a tone not in unison with that appropriate to the vein, the

vibrations no longer succeeding one another at the same intervals occupied by
the passage of the dilatations and constrictions due to the configurative forces,

there can be no uninterrupted concurrence between the two species of action

;

but neither can these be incessantly in conflict, and it is obvious that from this

alternation of accord and opposition must result eff'ects of a very complicated
kind. We will attempt, however, to discriminate to a certain point what then
occurs in the vein.

To simplify as far as possible, we will suppose extraneous action to be pre-

viously annulled. During the succession of the phenomena let us seize, in

thought, the instant when the middle of a constriction due to the configurative

forces traverses the contracted section precisely in the middle of the duration

of an ascending vibration; this vibration will then evidently •boncur with the

configurative forces to deepen the constriction. But if the sound of the in-

strument is sharper than that of the vein, and the vibration has therefore less

duration than the passage of the constriction, a part, more or less considerable,

of the base of the latter will have been in conflict with the end of the de-

scending vibi-ation which has preceded, and an equivalent part of the summit
will be equally in conflict with the commencement of the descending vibration

which follows, since these descending vibrations tend to dilate the portions of

the vein on which they act. If, on tlie contrary, the sound of the instrument
is graver than that of the vein, it is clear that the concurrence will take plac'e

for the whole of the constriction, but that the commencement of the vibration

will have been in conflict with the upper part of the preceding dilatation, and
that the close of this vibration will be in conflict with the lower part of the

succeeding dilatation. »

It is easy to perceive that after a certain number of vibrations an identical

effect will be produced ; that is, that the middle of an ascending vibration will

coincide anew with the middle of the passage of a constriction, that the same
thing will still recur after a number of vibrations equal to the preceding, and
so on, periodically, at equal intervals. If, for instance, the duration of a vibra-

tion be I of that of the passage of a constriction or a dilatation, the total dura-

tion of six double vibrations, each composed of an ascending and a descending
vibration, will be equivalent to the total duration of the passage of five con-

strictions and five dilatations ; now, it is easy to perceive that if we commence
computing this duration at the instant of one of the above coincidences, it will

also terminate at the instant of a like coincidence ; in our example, therefore,

the coincidences will be reproduced successively after intervals equal to the

duration of six double vibrations. Let us now endeavor to discover what
passes during each of these intervals, or, in other words, between one coinci-

dence and the following.

With that view let us examine what takes place at the moment when the
first half of one of these intervals terminates. In the example we have taken
we shall evidently be then at the middle of an ascending vibration ; but if we
reflect that the interval commences at the passage of the inception of a division

(§ 4) and exactly comprises the passage of five entire divisions, we shall recog-

nize that the end of its first half js the instant of the passage of the middle
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of a division, and, consequently, of llic middle of a dilatation; hence, for this

entire vibration there will be opposition with the configurative forces ; this will

be the maximum of the conilict, and it is obvious that this conflict will, till

then, have gone oh augmenting; that is to say, occupying greater and greater

portions of the successive vibrations, to diminish afterwards by the same de-

grees. These principles being granted, let us see what can be deduced from

them.
Each of the constrictions for which a coincidence shall exist will quit the

contracted section in a more advanced phase of transformation, and hence will

be broken at a less distance from the orilice than if vibratory movements had

not been produced; but the following constriction, which is under less ad-

vanced conditions, can only be broken a little further on, and the subsequent

ruptures will, in like manner, be eft'ected further and further from the orilice,

until the rupture of the constriction in regard to which the conflict between

the two actions is at its maximum ; after which things will proceed in an in-

verse order; that is, the successive places of rupture will reascend till there

recurs anew a constriction with a coincidence, when all will recommence in the

same order as at first. It appears then that, in such a vein, the continuous

part has difiereut lengths, which succeed one another periodically; but the

shortest of these lengths must be regarded as being that of the real continuous

part of the vein, since the continuity is there persistent, and it is necessarily

smaller than wc^ld be the continuous part of the same vein not subjected to

the influence of a sonorous instrument. Still the shortening will not be so

great as in the case of unison. In effect, if the sound of the instrument is

sharper, the most complete concurrence between the two kinds of action only

takes place, as has been said above, with the middle portion of the constric-

tions upon which it falls, and there is conflict in the extreme portions. If the

sound of the instrument is graver, the concurrence extends, indeed, to the

whole of the constriction, but the conflict then exists in the adjacent portions

of the two dilatations between which this consti'iction is comprised, and these

portions admitting with less facility the liquid which is driven towards them,

the constriction cannot obey with entire freedom the two actions which tend

to narrow it.

In the second place, from wdiat has been just said, the shortening should be

proportionably less as the sound of the instrument deviates more from unison

;

for the more it is above this, the less is the portion of the constriction for which

a concurrence exists; and the more it is below, the further does the conflict

extend over the two neighboring dilatations. And since in the constrictions

for which coincidence exists, and to a certain distance on both sides of each of

them, the action of the vibi-ations favors, more or less, that of the configurative

forces, the vein will present, in an analogous but less decided manner, the other

modifications which unison determines ; hence the limpid portion will still

appear a little thickened, and the interrupted part will have expansions and
nodes ; but these modifications will be the less decided as the interval between
the sound of the instrument and consonance is greater.

We may, therefore, so far as the complexity of the subject permits it, pro-

nounce substantially the four following conclusions : When, at a certain dis-

tance from the apparatus, a sound is produced sharper or graver than that

which is proper to the vein, first, the continuous part will assume periodically

dilicrent lengths ; second, the shortest of these lengths, which is that of the

true continuous part, will be less than Avas the length of the sole continuous

part before the action of the instrument, but this curtailment will not be so

great as in the case of unison ; third, the vein will present, in a manner analo-

gous to that which takes place under the action of unison, but at the same
time less decidedly, a small increase of thickness in the limpid portion and a
system of expansions and nodes in the interrupted part; fourth, all these phe-
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nomena will be tlie less decided as the sound of the iustniment deviates more
from unison, so that the sounds which depart too much from that unison,

whether above or below, will appear inoperative.

We have supposed that extraneous action has been previously neutralized
;

but this action tending of itself to occasion like effects, (§ 10.) it will be under-

stood that if we allow it to subsist, it can scarcely but add to the intensity of

the phenomena. We may here take notice that sounds, differing from unison,

give rise at the same time to effects of another kind, effects which will, in gen-

eral, be little apparent in veins directed vertically, but which are manifested,

as will be seen, in those whose emission takes place under certain obliquities.

These effects depend on the conflict between the vibrations and the couligura-

tive forces, and are consequently null in the case of unison ; they cannot,

therefore, like those we have been considering, go on decreasing from that

point, but, on the contrary, it is with the departure from unison that they are

developed.

§ 13. The first of the four conclusions above stated is clearly verified, in a

particular case, by the fact of No. 9 of § 3. In effect, when the sound of the

instrument is very nearly consonant, the duration of a vibration differs very
little from that of a dilatation or a constriction, and consequently when a co-

incidence shall occur, it will be almost complete ; that is to say, the conflict

will occupy only extremely small portions of either the constriction or the two
adjacent dilatations ; for such a constriction, therefore, the effect will be nearly

the same as if there were exact unison, whence it follows that at the moment
of the rupture of this constriction the continuous part of the vein will have
perceptibly the length which corresponds with unison ; it will then acquire,

progressively, greater lengths until that is reached which corresponds to the

maximum of conflict ; but on account of the approximate equality of the re-

spective durations of a vibration and of the transit of a dilatation or a con-

striction, it will evidently be only after a sensible space of time that this maxi-
mum will present itself, so that the gradual elongation of the continuous part

will be effected with sufficient slowness to be followed by the eye ; and such
will necessarily be the case with the next and the succeeding curtailments of

length. As to the beats, it is plain that they result from the mutual reaction

of the sound of the instrument and of that of the vein ; for although Savart
does not say so in express terms, we may conclude from the manner in which
he states the fact in question, that the vein must fall on a stretched membrane.

Except in this particular case of a very small interval between the sound of

the instrument and that of the vein, Savart says nothing of periodical changes
of the length of the continuous part, and not without reason, as we shall see.

For intervals which do not meet the above condition, these changes are too

rapid to allow their succession to be distinguished, insomuch that all the
lengths must seem simultaneous as well as all the systems of expansions cor-

responding to those lengths ; each of the expansions of the vein, therefore,

must, in these circumstances, appear to be formed of individual expansions not
exactly superposed, and consequently present the aspect of an assemblage of
films, (§ 8

;
) now, there was nothing new in this aspect for Savart, who had

observed it (§ 10) in the expansions of veins not subjected to the influence of

a sonorous insti-ument.

§ 14. The three other conclusions of § 12 seem confirmed by No. 8 of § 3.

Yet the manner in which Savart mentions the ficts might cast some doubt on
the entire exactness of that agreement; we shall therefore give verbatim the
only passages which relate to the facts in question :

" Sounds whieli form the grave octave and fifth, the minor third, the superfluous fourth,
and the shrill octave ot that rendered by the impact of the interrupted part against an
auxiliary body, produce in the vein modifications analogous to those just described, [those,
namely, produced by unison, "] but with much less energy ; and there are sounds which do
not act in any manner on its dimensions and the aspect it presents."

21 S
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And afterwards, in speaking of a vein received at a very small distance from

the orilice on a thick solid body

:

"In this case, as well as when the vein is entire, we observe that the grave and high

octaves, the fifth and the sharp minor third-of the sound in question—that is, of unison—

also influence, though in a less degree, the state of the vein."

And ao-ain, in reference to the modifications experienced, under the influence

of the consonance due to the impact against a stretched membrane, by a vein

withdrawn from every other extraneous influence :

"Analogous results are obtained when, with a stringed instrument, different sounds are

produced in the vicinity of the reservoir, but one of the sounds always exerts upon the vein

a greater influence than all the others."

Do these passages signify that besides unison it is only the grave octave and

fifth, the minor third, the superfluous fourth, and the shrill octave which modify

the state of the vein 1 That is little probable, for then, instead of saying,

"there are sounds which do not act in any manner," &c., Savart would have

said, all tke other sounds ivhich jjrecede tliem are without influence, &c. Must we
interpret these passages as admitting that the sounds therein specified are the

most active after unison, and that, among the remaining tones of the gamut,

some are simply less efficacious, while others absolutely exert no influence ?

But in that case, can we believe that Savart would have thus expressed himself]

We remark, moreover, that the superfluous fourth mentioned in the first pas-

sage is omitted in the second.

These vague statements shoAV that Savart had but little studied the influence

of other sounds than unison, at least under the circumstances which we are

considering, and it appears to lis that there could no more be deduced therefrom

the existence of any disagreement between our theoretical conclusions and the

facts, than that of an absolute accordance. Fortunately Savart contrived after-

wards to augment the energy of action of the vibrations produced by the instru-

ment, and then the eff'ects, such as he describes them, must be regarded as

wholly conformable with our conclusions, as will presently be seen.

§ 15. To finish what regards the influence of a sound excited at a distance

and different from unison, we have still to account for the facts of No. 10 of § 3.

We shall proceed to show that these facts, excepting the last, depend on a more
general principle, which may be stated in the following manner : if the vibra-

tions of the instrument are sufllicieutly energetic in relation to those occasioned

by the impact of the isolated masses, and if at the same time the interval of the

two sounds is not too great, the sound of the vein may be brought to unison

with that of the instrunlent. We observe that these circumstances are those

of the number cited : in efl'ect, when the vein falls on a body which can only
render a determinate sound, such as a diapason, if we suppose for an instant

that it undergoes no modification in the number of the isolated massesf the

vibrations due to the impact of these masses will be generally of another period

than those of the body struck, and consequently they can only proceed from
the circumstance that each time a mass reaches that body the air is driven from
between them, then returns, to be expelled anew on the arrival of the following

mass, and so on in succession ; but the sonorous waves produced in this manner
are necessarily very weak relatively to those produced by the vibrations of the

body struck ; besides, we have it in our power, by varying either the discharge
or the diameter of the orifice, to diminish as much as we please the interval of
the two sounds.

The vibrations of the instniment, (or, in the case before us, of the body im-
pinged upon,) transmitted by the air to the vessel and the liquid, not having
the same duration with the transits of the incipient constrictions and dilata-

tions due to the configurative forces, there is, as has been shown, (§ 12,) a varia-

ble conflict between these two kind^s of action ; but, if the two sounds do not
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differ too mucli from one another, we can conceive tliat the transformation of

the vein, a phenomenon susceptible of being; influenced by extraneous causes,

(2d series, § 58,) may, under the action of the vibrations, lengthen or shorten

the incipient constrictions and dilatations, in such manner that the duration of

the passage of each of them shall be precisely equal to that of a vibration, and
that the two kinds of action shall be constantly in accord ; this point being at-

tained, the sound of the vein will be necessarily in unison with that of the in-

strument. Only, for the vibrations of the instrument to be capable of realiz-

ing that result, it is obviously necessary that they should have a sufficient de-

gree of energy relatively to the vibrations of the sound proper to the vein,

since these last tend to fovor the normal action of the coufigurative forces.

We shall better comprehend the phenomenon by considering it under a point

of view a little different. Let us remember that the vibrations tend of them-
selves to produce, in the vein, incipient constrictions and dilatations, (§ 5 ;) now,
if these, constrictions and dilatations arc a little superior or a little inferior in

length to those Avhich the conhgurative forces on their side tend to originate,

and if moreover the action of the vibrations is energetic enough to control

that of these forces, the system of incipient constrictions and dilatations which
will be formed must be that which depends on the vibrations, and hei^ce the

transformation thus modified at its origin will be completed after this new
manner.

But this state of the vein is a forced one, since the natural mode of transfor-

mation is altered. Hence, if something suddenly disturbs the succession or

regular transmission of the vibrations, the coufigurative forces 'will at once be-

come again preponderant, and the incipient contractions and dilatations will

resume the length which corresponds with the free action of those forces. Thus
is explained without difficulty the statement of No. 10, § 3, that it often re-

quires but a slight blow given to the apparatus or a change in the position of

the body struck suddenly to restore the sound of the vein to the tone which is

proper to it. We have, supposed that, in the experiment referred to, the sound
of the vein is restored to unison with that of the body receiving the impact,

conformably with the principle advanced at the beginning of this paragraph,

Savart, however, as may bo inferred from the statement in the number in ques-

tion, does ndt express himself in this respect in precise terms : he merely says
that the sound of the body struck modifies that of the vein, that it changes its

period; but other experiments which we shall presently discuss- authorize us to

ascribe to these words the sense we have given them.

§ 16. We farther learn from No. 10 of § 3, that when the difference of the

two sounds is very small, these two sounds may make themselves heard periodi-

cally or even simultaneously. Let us try likewise to explain these facts.

We will svippose, for the sake of distinctness, that the sound proper to the

vein is somewhat graver than that of the body struck. In the case of exact

unison, the number of impulses of the masses in a given time would be half

the number of the vibrations of the body in the same time, and consequently the

interval between two successive impulses would be equal to the duration of two
of these vibrations ; therefore, upon the above supposition, the interval betweea
two impulses will a little exceed the duration of two vibrations, and if the re-

action of these vibrations on the incipient constrictions and dilatations is not

sufficiently powerful to modify the length and thus produce unison, the small

excess of duration of the intervals in question will be maintained. This pre-

mised, let us begin with the first impulse. This will cause the body to perform

a vibration- directed from above downwards, which will be followed by a vibra-

tion from below upwards; then, a little after the commencement of a new de-

scending vibration, the second impulse will arrive; the third will act during

the third descending vibration, but at a little more advanced phase of that vi-

bration ; the fourth impulse will take place durmg the fourth descending vibra-
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tion and at a phase still a little more advanced ; and so on, until an impulse

perceptibly coincides with the termination of such a vibration. Under these

repeated impulses, the amplitude of the vibrations of the body will necessarily

go on increasing, as far as the impulse last cited. But, by virtue of the small

excess of duration of the intervals, the impulses which follow will occur during

the ascending vibrations, and, as before, at phases more and more advanced, so

that after a number of impulses equal to that of the preceding series, the body-

will again be struck at the instant of the termination of a vibration. Now, this

second group of impulses will evidently destroy the effects of the first ; that is

to say, will gradually diminish the amplitude of the vibrations and end by an-

nulling- them. A third group of impulses will revive these vibrations, a fourth

will annul them anew, and so on indefinitely. The sound of the body struck

will be therefore alternately raised and lowered ; on the other hand, the sound

of the vein will be Aveaker when the masses reach the body during its descend-

ing vibrations than when they strike it during its ascending vibrations, on ac-

count of tite difference of the relative velocities ; and we see, moreover, that this

latter sound has its minima during the augmentations of that of the body, and

its maxima during the diminutions. This being so, if the vibrations of the

body acquire, in their greatest amplitude, a certain energy, and if the relative

velocity of the impulses becomes at the same time sufficiently small, the sound

of tlie vein will be entirely masked at the moments of greatest intensity of that

of the body, to reappear and predominate in turn at the intermediate moments

;

and consequently the two sounds will be heard periodically. But if the body
is capable of executing vibrations of only small amplitude, and if it be held at

a great distance from the orifice, it may be that the relative velocity of the im-

pulses shall continue to be always considerable, so that the sound of the vein

will be perceptibly uniform, and that of the body, in its maxima, not have suf-

ficient intensity to mask it. In that case, the first will not cease to be perceived,

and consequently, during the periods of intensification of the second, they will

be both heard at once. It is doubtless in this sense that we should interpret

the words, or even siimiltaneousbj , which are literally borrowed from Savart.

§ 17. Let us now revert to the case where a sonorous instrument is made to

render a sound in exact unison Avith that proper to the vein. If the instru-

ment, instead of acting at a distance, is placed in contact with the \valls of the

vessel Avhence the vein escapes, it is clear that the vibrations communicated to

those walls and propagated in the liquid will be much mere energetic, and that,

in consequence, the modifications of the vein will be much more decided

;

moreover, the small irregularities spoken of in § 10 will be then entirely

effaced. The contents of No. 1 1 of § 3 are thus explained of themselves.

§ 18. Proceeding to No. 12 of § 3, we observe, in the axis of the vein, on
quitting the lower extremity of the continuous part, another system of expan-
sions and nodes more minute as well as shorter, which is due, as Savart has

shown, to the spherules which accompany the musses.

Here an apparent difficulty presents itself. When the vein is withdrawn
from all vibratory action, its interrupted part is free from expansions and nodes

;

it would seem, therefore, that under the sole action of the contigurative forces,

the masses arrive at the spherical form without perceptible oscillations, and
that the oscillations of form take place only in the case in which the configura-

tive forces are re-enforced by vibrations ; now, the mode of production of the

spherules can in no manner be influenced by the vibrations, for these act di-

rectly only at the contracted section ; lower down than that section, their effect

is liijuited to the acquired velocities, (§§ 6 and 8,) which accelerate the develop-

ment of the dilatations and the deepening of the constrictions, then to the con-

Tersion of each of these last into a thread, and this thread is afterwards trans-

formed, thus furnishing the spherules by the configurative forces alone, which
arise therein, as iu every liquid cylinder sufficiently elongated ; nevertheless,
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these splieniles pass througli oscillations of form, since the trace of their

passage before the eye presents expansions and nodes.

For the purpose of elucidating this point let us examine, attentively, what
are the circumstances in regard to the spherules and in regard to the large
masses. Let us remember (2d series, § 62) that the thread generally separates
into three parts, of which the two extreme ones reunite themselves respectively
with the two large masses between which the thread is comprised, while the
intermediate one contracts itself at once and symmetrically from above and
below, dilating at the same time horizontally so as to produce the spherule in

question. By virtue of this simultaneousness and symmetry of action, the
small portion of liquid attains the spherical form towards which it tends, but it

does so with an acquired velocity and thus necessarily overpasses it, so that
its vertical diameter becomes less and its horizontal diameter greater than the
diameter of the sphere of the same volume ; hence the oscillations of form of
the spherules, and consequently the expansions and nodes which result from

, them.

Thijiigs do not occur, however, after identically the same manner with the
large mass suspended to the thread and which is isolated by its rupture ; in

effect, a moment before this separation the mass in question was already ren-

dered free at its lov/er part by the rupture of the thread formed between it
' and the mass which precedes it ; here, then, the ruptures below and above the
mass, and, of course, the two contractions which tend to flatten it in the verti-

cal direction, do not take place at the same time ; besides, as each of these
contractions must be followed by an elongation, neither do these take place
simultaneously, and the same is the case consequently with the contractions

and elongations which follow. Thus each contraction from the bottom of the
mass will be effected wholly or in part while an elongation is taking place
above, and vice versa; but the first tends to increase the horizontal diameter
of the mass and the second to diminish it ; their effects on this diameter will,

therefore, more or less destroy one another, and if there be no vibratory influ-

ence which, by the accession of velocity which it imparts to the transforma-

tion, shall carry the diameter in question beyond that of the sphere and thus
determine an excess of pressure to the equator of the mass, this diameter will

vary but little, and consequently we shall observe no system of expansions
and nodes in the discontinuous part of the vein. We see that, even under the
sole action of the contigurative forces, the masses which become isolated at the
extremity of the continuous part are necessarily the seat of oscillations of
form, though these oscillations can only exist in a marked degree in the vertical

direction. We have, therefore, committed a slight error in § 69 of the 2d
sei-ies, by saying that, after being isolated, the masses at once form themselves
into spheres.

§ 19. Let us return, for an instant, to the spherules. When a thread is trans-

formed, the small constrictions therein produced become themselves changed
into still more slender threads, each of Avhich breaks at two points, and thus
furnishes, by its middle portion, an exceedingly small spherule, (2d series, § G2.)

These last spherules ai-e frequently thrown beyond the axis of the vein, im-
pelled, no doubt, by the movements of the air ; but as their mode of genera-

tion is the same with that of the less minute spherules of which we took no-

tice above, they also must undergo oscillations of form, and Savart assures us
that this is the case, though without indicating by what means he verified it

:

the parabolic trajectory described by such of these spherules as are projected

beyond the vein leaves probably on the eye a trace sufflcient to allow the ob-

servation therein of expansions and nodes ; it may be also possible, perhaps,

to distinguish the apparent figure resulting from the passage of those which
maintain their position in the axis.
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§ 20. Let us now produce anew a sound which differs from that of the vein,

still contiuuiug to phice the sonorous instrument in contact with the vessel, so

as to give more energy to the action of the vibrations. We perceive, by No.

12 of § 3, that in this case the last three conclusions of § 12 are distinctly iu

accordance with the observations of Sayart. There may, it is true, seem some-

thing vague in the words, almost, all sounds ; but they cannot be supposed to

signify that ineffectual sounds alternate with effectual ones. Let us suppose,

iu effect, for an instant, the inefficacy of certain intermediate sounds, and
imagine that the tone of the instrument goes on deviating in a continuous man-
ner from that of the vein ; then, when we quit one of these inefficacious sounds,

it will be necessary either that the action on the vein, from being null as it

was for this sound, increases gradually to a certain point, which would be con-

trary to the statement of the number cited, according to which the action di-

minishes iu proportion as we depart from unison ; or else that this action be-

comes suddenly energetic, Avhich is scarcely admissible. It is very probable,

therefore, that the idea of ineffectual sounds, implied in the words, almost all
^

sounds, refers simply to sounds too far remote from that of the vein, which, in

virtue of the statement in question, must produce but an insensible action.

§ 21. It was said, § 15, that vibrations differing in period, within certain

limits, from those of the sound proper to the vein, may predominate over the

configurative forces iu the generation of the incipient constrictions and dilata-

tions; that the transformation thus commenced is then completed after this new
manner, and that, consequently, the sound of the vein is reduced to unison

with that of the instrument. Now, the most favoi-able condition for the pro-

duction of this result must evidently be the contact of the sonorous instrument

with the walls of the vessel, because of the more immediate transmission of

the vibrations. And, iu effect, while in the case of No. 10 of § 3, the phe-
nomenon can only be realized in an interval of a minor third, here, as we see

by No. 14 of the same paragraph, it extends to intervals of a fifth above its

principal sound and of more than an octave below ; wc may add that Savart
does not employ here, as in the former case, terms of little precision ; he says
distinctly that the sound of the vein is reduced to unison with that of the in-

strument.

^§ 22. An upper limit, so high as the fifth, seems, at first glance, to be in

opposition with certain results of our second series. In effect, for the sound
of the instrument to ascend a fifth, it is necessary that the number of isolated

masses which strike, in a given- time, against the stretched membrane, should
increase in the ratio of 2 to 3, and that, consequently, (§ 2,) it should be so

likewise with the number of inci2nent divisions which jiass, in the same time,

at the contracted section, and as, under a constant discharge, the length of the
incipient divisions is evidently in inverse ratio with this latter number, it fol-

lows that, from the principal sound to its fifth, the incipient divisions become
shortened in the ratio of 3 to 2 ; but we know (2d series, § 83) that when a
vein of water renders the sound proper to it, the length of its incipient divi-

sions is equal to 4.38 times the diameter of the contracted section ;* if, then,

by the sole action of a sonorous instrument, the sound of such a vein rises by
a fifth, the length of its incipient divisions will be reduced to § of the above
value; that is, to 2.92 times the diameter of the contracted section; now, this

number is a little inferior to the 'limit of stability of liquid cylinders, a limit

which, as has been shown, (2d series, § 46,) is comprised between 3 and 3.6,

* Such, at least, is the value of the ratio under moderate or strong discharges ; under a
weak one, the incipient divisions taking, in virtue of the hypothesis of § 2, a less volume,
and consequently a less length, the ratio would be also less. But we are led to the conclu-
sion that, iu the experiments in question, the discharge employed by Savart was not of this

latter kind.
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and yet it was demonstrated (2d series, § 57) that when a liquid cylinder is

transformed, the length of its divisions cannot be less than that limit.

The difficulty is but apparent. The demonstration cited supposes that the

transformation- of the cylinder commences spontaneously, and then it is strictly

true ; but it does not apply to the case in which the constrictions and dilata-

tions are originally formed by an extraneous cause sufficiently energetic. In
effect, the demonstration in question consists essentially in showing that if, in

the first phases of the transformation, we consider the sum of a constriction and
a dilatation—a sum whose length is equivalent to that of a division—all passes

rn that portion of the cylinder as if its two bases were solid, so that the trans-

formation cannot be established spontaneously without a separation of those

bases at least equal to the limit of stability ; but if, in a cylinder realized be-

tween two solid disks whose distance is a little less than the limit of stability,

the transformation could not commence of itself, it is clear that it will continue

of itself if it has commenced from an extraneous cause which has accumulated
the liquid in a certain quantity towards one of the disks, so as to occasion arti-

ficially a dilatation and a constriction sufficiently decided, for evidently, at the

limit of stability, and in passing from beyond to within it, there is no sudden
transition from instability to an absolute stability. When that limit is passed,

the stability must at first be very feeble, since it parts from zero ; consequently,

at but little distance within the limit, a deformation impressed artificially on
the cylinder can only be effaced spoutaneousl}^ if it be small ; if the deforma-

tion be considerable, it will proceed, on the contrary, spontaneously, and will

produce the disunion of the mass. The demonstration which we have recalled

can, therefore, be no longer cited Mdien, in a liquid vein, the incipient constric-

tions and dilatations are formed by energetic vibrations. Then, if the sum of

the lengths of one of these constrictions and one of these dilatations, or its

equal, the length of a division, is a little inferior to the lirnit of stability, the

transformation can commence after that anomalous mode, (?) and the moi'e in-

tense the vibrations, the more will the last sound for which the possibility of

the phenomenon exists be elevated above the principal sound. If the extra-

neous sound is below the principal sound, and thus tends to give to the incipi-

ent divisions a length necessarily superior to the limit of stability, it will not

encounter the kind of resistance which has just been indicated within that

limit, so that the possibility of the phenomenon will extend much further ; we
see, in effect, that in the experiments of Savart it embraces an interval of

more than an octave.

Thei-e is still another reason why the phenomenon should be less limited

below the principal sound than above: in the same sonorous instrument, the

amplitude of the vibrations increases generally with the gravity of the sound
;

but the more considerable the amplitude of the vibrations transmitted, the

.

greater is the excess of liquid which each descending vibration tends to drive

into the vein to form an incipient dilatation, and the greater also is the with-

drawal of liquid which each ascending vibration tends to effect and thus- deepen
an incipient constriction. If, then, in proportion as the sound of the instru-

ment departs from the principal sound, whether below or above, the length of

the incipient divisions which the vibrations tend to form becomes more and
more superior or more and more inferior to that of the incipient divisions which
the contigurative forces tend on their part to form, and if thence there evi-

dently arises a conflict of progressive intensity with these latter forces, on the

other hand, below the principal sound, the vibrations act mora and more ener-

getically to cause the new mode of transformation to prevail, and this augmen-
tation of action must more or less countervail the augmentation of the conflict.

We may remark here, that in the case of a sound very grave relatively to

the principal sound, the new mode of transformation is not established after

the same manner as in the case of a sound which does not much deviate from
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tlie principal sound ; in the latter case, in effect, because of tbe little difference

of length between the incipient divisions of the two kinds, it is quite probable

that the configurative forces simply modify their proper action, as has been

already said in § 15, by elongating or shortening the incipient divisions which

correspond with them, so as to makq them coincide Avith those which corre-

spond with the vibrations ; but when the sound of the instrument is sufHciently

grave for the length of these last divisions to surpass considerably that of the

others, when, for example, the instrument renders the grave octave, and the

vibrations transmitted are sufficiently intense to impress upon the vein their

mode of transformation, it must be admitted that the action of the configurative

forces is completely destroyed, so that there is no longer a modification of the

first mode, which adapts itself to the second, but an absolute substitution of

the second for the first.

§ 23. Experiment fully verifies what has been said above of the variations

of stability within and near the limit, in a liquid cylinder adhering to solid bases.

A horizontal cylinder of oil was formed, in the interior of the alcoholic mixture,

between two disks* whose diameter was 31 millimetres and their distance 87

mdlimetres; the ratio of length to the diameter was therefore, in this cylinder,

equal to 2.8, so that the figure was quite stable ; this ratio, we see, deviated

somewhat more from the limit than that which we found, in the preceding para-

graph, to pertain to the incipient divisions of a vein of water brought by the

action of a sonorous instrument to render the sharp fifth of the principal sound.

In order to alter artificially the cylindrical form of the mass, the point of the

small syringe was moved slowly, and at several intervals, along the upper part

of the liquid figure, starting from one of the disks and stopping at very nearly

the middle of their interval ; the oil thus accumulates in greater quantity towards

the other disk, and, during this whole operation, the figure ceases not to regu-

late itself spontaneously in relation to its axis; that is to say, it remains one of

revolution, so as to present a constriction and a dilatation analogous to those

which result from a spontaneous alteration. Now, so long as the versed sine

of the meridian arc of this dilatation was less than about 5 millimeti'es, the mass,

if left to itself, gradually recovered the cylindrical form ; but when the sine

in question attained 5 millimetres, the mass left free continued spontaneously

to change its form and ended by disuniting.

In this experiment, the artificial deformation necessary to determine the spon-

taneous continuation of the phenomenon is considerable; for when, by approxi-

mate measurement, the versed sine of the meridian arc of the dilatation was 5

millimetres, that of the meridian arc of the constriction was 8 millimetres, so

that the respective diameters of the neck of the constriction and of the equator

of the dilatation were 15 and 41 millimetres; and hence the first was scarcely

more than the third of the second ; but let it be remembered that the ratio be-

tween the length and the diameter of the cylmder was below that which, in the

vein, corresponds to the fifth of the principal sound, t Moreover, there are two
other reasons why the passage of the sound of the vein to the sharp fifth should

be induced by vibrations which occasion directly a deformation much less de-

cided. In the first place, from the immediate action of the vibrations, the de-

formation must increase by the acquired velocities, (§6;) and in the second
place, the divisions, and consequently the constrictions and ddatations, being
elongated during their descent, (§ 2 bis,) the sum of the lengths of a constric-

tion and a dilatation, inferior at first to the limit of stability, begins imme-

" These disks were maintained by a system similar to that represented in Fig. 27 of the
second series.

t This ratio, but for an error in the constraction of the small apparatus, would have been
2.92.
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diately to approacli tliat limit, so that the progress of the transformation after

tlie anomalous mode originally impressed becomes more facile.

§ 24. Thus the theory accounts for all the phenomena resulting from the
action of vibrations on veins ejected in a descending vertical, for all those at

least which Savart describes in a precise manner. We pass to veins ejected ia

other directions. And first, since, in these veins, there is equally a transform-
ation into isolated masses, sounds must necessarily exert on them an influence

analogous to that which they exert on veins ejected vertically from above down-
wards; No. 15 of § 3 has therefore no need of explanation.

§ 25. But this is not the case with No. 16. If all the divisions, on attaining

one after the other the extremity of the continuous part, became isolated ia

identically the same manner, and if all the masses parted from thence with the
velocity precisely corresponding to the movement of translation of the liquid

at that point, these latter would all describe exactly the same trajectory, and
then the discontinuous part of the vein could present no dispersion or sheaf-

like jet ; there are irregularities, then, as ' Savart remarks, in the emission of
the isolated masses of the extremity of the continuous part

;
yet these irregu-

larities must be very small, as the sheaf has no great extent. I had thought
at first that they proceeded from the same causes with those which were con-
sidered in § 10. But if that were so, the suppression of the extraneous action
would cause the sheaf to disappear and thus reduce the whole vein to a single

jet ; but this is what experiment has not confirmed : by employing, in regard
to such a vein, the means used by Savart in the case of descending vertical

veins—that is to say, by receiving the discontinuous part on a thick board, suita-

bly inclined, and by placing soft bodies under the vessel from which the vein
issues, under that in which it is received, and under the supports, I have not
succeeded in producing any considerable diminution of the sheaf. We must
infer from this that the irregularities are not owing to the vibratory move-
ments, and that, consequently, they affect the action itself of the configurative

forces. We perceive, in effect, that, considering the nature of the phenomenon
of transformation, even slight disturbing causes must have an influence on the

perfect identity of all the divisions which arise one after the other at the con-

tracted section; we have seen, for example, in the experiments of §§ 50 to 55
of the 2d series, an extraneous cause alters the equality of length of the divi-

sions of a cylinder. This premised, we proceed to show that small differences

of this nature in the Incipient divisions of a vein, ejected under a suitable ob-

liquity, must necessarily give rise to a certain dispersion of the discontinuous

part.

Let us consi-der particularly two of the constrictions with the dilatation

which they comprise between them. As we have seen, each of these two con-

strictions, at first very feebly indicated on quitting the contracted section, after-

wards deepens gradually in the transit of the continuous part, by transferring

half of its liquid to the dilatation ; this then receives, by its aaterior extremity,

a portioa of the liquid which is driven in a direction contrary to the movement
of translation, and, by its posterior extremity, a portion which is driven in the

same direction with that movement, so that its velocity of translation tends to

Ibe diminished by the first and increased by the second of these accessions.

Now, although these two opposite actions are in general unequal, because the

anterior constriction is, at each instant, in a little more advanced phase of
transformation than the posterior, yet if the two constrictions Avere perfectly

identical at their respective inceptions, and if, in the sequel, they have under-
gone identically, though not precisely at the same instant, the same modifica-

tions until their respective ruptures, it is evident that after these two ruptures,

that is to say, at the moment when the dilatation exists in the state of an iso-

lated mass, the sum of the quantities of movement supplied to this mass by
the anterior constriction will have been absolutely compensated by that of the
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quantities of movement which have been supplied, in the other direction, by
the posterior constriction, and that hence this mass will quit the continuous

part with the velocity exactly corresponding to the general movement of trans-

lation. . But it is clear that the compensation will be no longer entire if the

two constrictions differed in their inception ; if, for example, they were unequal

in len<^th : it results from the less duration of the transformation when the

divisions ai'e longei*, (2d series, § 66,) and when, consequently, the constric-

tions are longer, that the more elongated of the constrictions in question will

deepen more rapidly than the other, and as, in virtue of its excess of length,

it comprises more liquid, it will convey into the dilatation a greater afflux of

material with greater velocities, and consequently a greater quantity of move-

ment. If, then, this constriction is the posterior one, the mass will quit the

contracted section with an excess of velocity, and if the anterior, with a defect

of velocity. Thus, slight differences of length in the incipient constrictions

will result in establishing small inequalities in the velocities of the successive

isolated masses ; but these masses will then, necessarily, traverse parabolas

of unequal amplitude, and will, consequently, be spread out in a vertical plane,

thus forming the sheaf.

This explanation supposes that the disturbing causes do not produce, in the

constrictions, any irregularity in directions perpendicular to the axis of the

vein; and we are led, in effect, to conclude, from the experiment of § 23, that

the constrictions and dilatations tend with great force to a symmetry in rela-

tion to the axis, and that hence irregularities in a direction perpendicular to

this latter cannot be persistent. It is clear, also, from this explanation that

there are two extreme limits for which the dispersion is necessarily null,

namely, when the vein is ejected vertically from above downwards and verti-

cally from below upwards, since, in these two cases, all the isolated masses

perform the same rectilinear trajectory;* if, therefore, we pass from the first

to the second by gradually varying the direction in which the jet is thrown,

the sheaf cannot begin to show itself in a very distinct manner except on

attaining a certain angle between that direction and the descending vertical,

and it will cease to be very distinguishable beyond a certain other angle.

Moreover, so long as the vein is thrown in directions descending obliquely, and
even in a horizontal direction, it will be readily conceived that at the extremity

of its continuous part, a part which is generally of quite considerable length,

it will already approach too nearly to the vertical to allow a very clearly

marked sheaf, so that the first direction which will begin to render the sheaf

distinct will be one ascending obliquely. All these conclusions are in accord-

ance with the fiicts of the number we are considering.

We admit, it will be seen, that the inequalities between the incipient con-

strictions do not depend on the direction in which the jet is throAvn ; and there

is no plausible reason, in effect, for attributing these inequalities to the ascend-

ing obliquity of the jet. If we have not spoken of them in treating of veins

descending vertically, it is because, in the latter veins, they cannot give rise

to any appearance of a peculiar kind ; they then do no more than evidently a
little augment, in the axis of the vein, the inexactness of the superposition of

the individual systems of expansions and nodes, and thus simply constitute an
influence to be added to those mentioned in § 10. As to the nature of the dis-

turbing causes which produce the inequalities in question, it would doubtless

be difficult to discover it ; but, whatever it be, the dispersion of the discon-

tinuous part in veins directed under a suitable angle reveals to us the presence

of those causes.

* In a vein ejected vertically from below upwards, the liquid scatters, it is true, in falling

back, but I need not remark that this latter dispersion is owing to a wholly different cause,
and has nothing in common with the phenomena we are considering.
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§ 26. Now, a vein being projected under such an angle that the pheaf shall

be well formed, let us submit it to the influence of a sonorous instrument. The
sound which will most shorten the continuous part will still be evidently that

whose vibrations succeed one another at the same intervals which the constric-

tions and dilatations due to the configurative forces (§§ 5 and 12) observe in

their passage at the contracted section. But these vibrations being perfectly

regular and isochronous, they will prevent, if they have sufficient intensity,

the disturbing causes from modifying the incipient constrictions ; in other terms,

in influencing the transformation, they will impart to it their own regularity, so

that all the incipient constrictions will have the same length, and hence all

the isolated masses will follow identically the same trajectory (§ preceding;)

under the influence of this sound the sheaf will disappear, and the whole of

the vein be reduced to a single jet presenting a very regular system of expan-

sions and nodes.

§ 27. As to the singular effects of reduction of the sheaf to two or three jets

under the influence of other sounds, it would be necessary, in order to attempt

an explanation, to know the relations of the sounds in question with the princi-

pal ones—relations which Savart nowhere indicates. But as these phenomena
are not the least curious of those which result from the action of vibrations on

liquid veins, I have decided to attempt this investigation.

The orifice I employed had a diameter of S millimetres ; it was pierced in

the centre of a circular plate of brass of 12 centimetres diameter,* so inclined

that the jet might be projected at an angle of about 35° above the horizontal

;

this plate formed one of the bases of a cylindrical drum which communicated

by a horizontal .tube, wide and short, with the lower part of one of Mariotte's

large vases ; the discharge was of 34 centimetres, the sonorous instrument was

a violoncello, the base of which was made to rest on the supports of the ap-

paratus.

The' sheaf being well developed, the attempt was made in the first place to

ascertain by approaches the principal sound, or, in other words, that which pre-

cisely reduced the whole vein to a single jet with a regular system of expan-

sions and nodes, and which, at the same time, caused the first expansion to arise

very near the orifice. This point being attained, the sound of the instrument

was raised by successive semi-tones. Under the influence of the vibrations

thus communicated, the jet first lost its regularity, next the sheaf gradually

reappeared, and afterwards was maintained without being reduced to either two

or three jets. A return was then made to the principal sound, and from that

point the sound of the instrument was caused to descend, likewise by semi-

tones. The same effects, the alteration, namely, of the regularity of the jet

and the progressive reappearance of the sheaf, were now manifested ; but, on

approaching the grave octave, a tendency to the change of the sheaf into a

double jet was remarked, and when this last sound was reached, the sheaf was

distinctly replaced by two jets with regular systems of expansions and nodes.

The sound continued to be lowered, and the two jets still to appear, until the

third below the grave octave was attained ; still lower, and so long as the double

grave octave was not reached, sometimes two and sometimes three jets were

obtained; the fifth, however, sometimes yielded a single jet ; finally, for the

double grave octave, three jets were constantly observed. In all these cases,

the jets continued each to have its system of expansions and nodes.

These facts are less restricted than those stated in No. 16 of § 3; according

to that number, in which the purport of Savart's expressions is reproduced, it

* A diameter so considerable was employed from the necessity of leaving sufficient liberty

to the vibrations of the plate. Without that liberty, the vibrations of the liquid which Bows

towards the orifice would be impeded, and would hence lose some of their action on the vein.
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would be only under the influence of the principal sound that the sheaf would
he contracted into a single jet, and there would be only two other definite and
different sounds which would cause to appear respectively two and three dis-

tinct jets. But the absence of an indication of the relation between these sounds
and the principal one suffices to show that Savart has not given close atten-

tion to the phenomena of this kind, and that after having observed them in

isolated cases, he did not inquire whether they were susceptible of extension.

§ 28. Let us see now if the theory will account for these phenomena. We
will begin with the grave octave. For this sound, the duration of a vibration

is double that of the passage of a constriction or a dilatation at the contracted

section, whence we may conclude Avithout hesitation that the divisions Avhich

would originate under the sole action of the grave octave of the principal sound
would be double the length of those which would be produced by the isolated

action of the configui'ative forces. From this we may admit that each of the

former comprises exactly the sum of two of the latter ; for in this way, at all

the sections which terminate these sums or couples there is evidently an abso-

lute concurrence between the two kinds of action, the sections in question con-

stituting at once the centres of the constrictions which would result from the

vibrations, and centres of the constrictions due to the conligurative forces.

Now, let us examine what will pass, during the transformation, in any one of

these couples of divisions. The couple being composed of two entire divisions,

contains two dilatations which comprise between them a constriction, and is

terminated by two semi-constrictions. Now, Avhile the entire constrictions to

which these terminations pertain are, as we have seen, favored by the vibra-

tions, it is plain that the intermediate constriction is, on the contrary, in con-

flict, since its middle, which is the middle of the couple, corresponds to the

mi4dle of the division which the vibrations tend to produce, and consequently
to the middle of the dilatation of the latter; thus each of the dilatations which
the configurative forces give rise to in the vein is adjacent to two dilatations

unequally solicited. Moreover, the constrictions fovored by the vibrations must
be elongated under their influence, since the constrictions which the latter would
of themselves produce would have a length twice greatei-, and as the length
of each of the couples of divisions above considered remains the same as in the
absence of the sound of the instrument, it follows that the constrictions inter-

mediate to the preceding, that is, those which occupy the middle of the couples

and which are in conflict with the vibrations, must be shortened. We may
therefore admit that the favored constrictions, although, from the beginning,

they are more slender than the constriction in conflict, still contain, because of

their excess of length, more liquid than the latter; and since, for the double
reason that they are longer and are accelerated by the vibrations, they arrive

more rapidly at their rupture, we perceive that they will transmit to the dilata-

tions more matter with more velocity, and consequently a greater quantity of
movement. All the dilatations will thus be found in the condition analyzed in

§ 25, and consequently the isolated masses, on abandoning the continuous part,

will have some a small excess of velocity and the others a small deficit of ve-

locity. But here the vibrations, imparting their regularity to the phenomena,
render all the favored constrictions, at their origin, identical among themselves,

and in like manner render identical among themselves all the constrictions in

conflict, so that all the masses formed by the dilatations which, in the line of

the continuous part, have behind them a favored constriction, leave with the same
excess of velocity and consequently describe the same trajectory, and all the
masses which proceed from dilatations having a ftivored constriction before them,
leave with the deficit of velocity and also describe the same trajectory; hence,

'

under the influence of the grave octave of the principal sound, the sheaf ought
to be replaced by two separate jets.
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Yet it would not be impossible that the sound under consideration might
cause the sheaf to disappear ; in effect, this sound being already very grave,
at least in regard to the vein upon which I operated, its vibrations have much
amplitude, and might (§ 22) act with sufficient energy to prevent the formation
of the constrictions in conflict, and thus leave in the vein only the divisions

which they tend of themselves to produce, in which case all the isolated masses
would necessarily have the same velocity, namely, the normal velocity.

Let us examine, in* the second place, the influence of the grave fifth of the
preceding sound, or, in other words, of the double grave fifth of the principal

sound. The vibrations of this double fifth being three times less rapid than
those of the principal sound, it may readily be concluded that each of the
divisions which they tend of themselves to occasion in the vein comprises
exactly three of the divisions due to the configurative forces. We see, more-
over, that, of the three .dilatations contained in this assemblage of divisions,

the last has behind it a fivored constriction and before a constriction in con-
flict, while the foremost has, on the contrary, before it a favored constriction

and behind a constriction in conflict, and, finally, that the intermediate one is

between these two constrictions in conflict, which are identical with one another
at their respective origins. Hence the quantities of movement will necessarily

be distributed, in the isolated masses proceeding from these three divisions, in

such manner that the last will quit the continuous part with a velocity superior
to the normal velocity, the foremost Avill acquire a velocity inferior to this

normal velocity, and the intermediate will quit with the normal velocity itself;

and as, still on account of the perfect regularity of the vibrations, the circum-
stances are identically the same in each of the systems of three divisions, there

can be, in the discontinuous part, but three different velocities. If, then, the
action of the vibrations do not mask entirely that which, before its influence,

the configurative forces freely exerted, the sheaf will be resolved into three

distinct jets ; and if, on the contrary, the action of the configurative forces is

completely controlled, which ought to take place even more easily than for

the grave octave, on account of the still greater amplitude of the vibrations,

there will be but one jet, as we have shown to be the case above.

As to the separation into two jets, under the influence also of the double
grave fifth, a result which experiment equally yields, Ave can account for it in

the following manner : When the action of the vibrations is preponderant, and
there arise, at the contracted section, only the divisions which it determines,

these have a greater length, since each of them occupies the place of three of
the divisions which the configurative forces would form ; but we know (2d
series, § 65) that every liquid figure, of which one dimension is considerable

relatively to the two others, tends to separation into isolated masses ; we can
conceive, then, that in the divisions in question, if the acquired transverse

velocities are not sufficient to oppose it, there may be new configurative forces

developed which separate each of these divisions into two others by hollowing
out a constriction in its middle, and, as all constrictions thus produced are

evidently in conflict, the reasoning employed in regard to the grave octave

shows that we ought then to obtain two jets.

Let VIS remark here, that the anomalous configurative forces, to which we
have just had reference, could form, in each large division, only one constric-

tion ; if they formed two, which would separate each large division into three

small ones, these would have the same length with the divisions of the vein

not submitted to the influence of the sonorous instrument ; but, for this to be
possible, it would be necessary that the new divisions should not experience
more resistance in their formation than in the absence of all extraneous action

;

for we may conclude from what takes place in cylinders (2d series, §§ 58 and
59) that, in every liquid figure, more or less analogous, the length of the divi-



334 THE FIGURES OF EQUILIBRIUM OF A LIQUID MASS

sions inci-eases witli the resistance; now, the acqmred transverse velocities

causing, in our large divisions, a tendency to persevere in the mode of trans-

formation impressed by the vibrations, constitute a resistance to any further

separation.

We pass, in the third place, to the double grave octave. Here, each of the

divisions which would arise under the sole action of the vibrations, would evi-

dently comprise four of the divisions which would result from the configurative

forces alone. Now, if these two actions were combined, it would seem that we
should have four distinct jets ; for it is easy to see that in the three constric-

tions which would then be formed, the conflict would be unequal ; that it would

be stron"-er for the middle constriction than for the two others, so that each of

the two dilatations comprised between these three constrictions would receive

from the two sides unequal quantities of movement, and that the differences,

in fine, would be greater for the two extreme dilatations, each of which would

be comprised between a constriction in conflict and a favored constriction.

But, on the one hand, the vibrations in question having a considerable ampli-

tude, we can understand that their action must always efface that of the con-

figurative forces, and, on the other hand, the divisions formed in this manner

being very long, we equally perceive, from what has been said above, that new
configurative forces must be generated which would effect the separation ; now,

by reason of the resistance also indicated above, this separation should here

yield but three parts at most, which, in view of the distribution of conflicts

and concurrences, and the regulating action of the vibrations, must convert the

sheaf into three jets only.

There remains, in the fourth place, the action of the sounds comprised be-

tween the grave octave and the fifth below, and between the latter and the

double grave octave. For these sounds, there is no longer any simple relation

between the lengths of the divisions which would result respectively from the

vibrations alone and from the configurative forces alone ; but it will be admitted

without difliculty that, under the influence of those which approach, whether

above or below, the double grave fifth, and in the case where the effect of the

vibrations is not completely substituted for that of the configurative forces, the

divisions due to these forces are a little shortened or elongated, so as to allow,

at the limits which separate the successive systems of three of these divisions,

the absolute concurrence of the two kinds of action, and thus to re-establish

the simple ratio of 3 to 1 pertaining to the double fifth ; whence the resolution

into three jets. Under this same influence, as under that of the double fifth,

if the vibrations are preponderant, but not sufiiciently so to oppose an ulterior

development of configurative forces, each large division can be but separated

into two, so that the discontinuous part of the vein shall present but two jets.

It will be also admitted that the sounds .nearest to the grave octave will cause

the mode related to this latter to prevail, and that in this case also the sheaf

will never change except into two jets. As regards the sounds which do not

depart too much from the double grave octave, the vibrations have always suf-

ficient amplitude, and consequently sufficient action, to overpower the ordinary

configurative forces, and at the same time the divisions to which they give rise

are always sufficiently long to admit of each of them subsequently undergoing

a separation, which divides it at most into three, and may also scpai-ate it into

but two, if it encounters a greater resistance on the pai't of the vibrations ; and
hence two jets or three. As to the systems of expansions and nodes which
are observed in each of the jets, they are plainly a consequence of the" acquired

transverse velocities which proceed from the action of the vibrations.

§ 29. It may be asked why, above the principal sound and between that and
its grave octave, no sound, with the exception of those which approximate to

these two last, had occasioned, in the experiments described in § 27, anything
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analogous to tlie plienomena wliicli we have just been considering? in efTect,

for the simple grave fifth of the principal sound, by way of example, it will

readily be seen that the length occupied by the sum of two of the divisions

due to the vibrations alone would be equal to that occupied by the sum of three

divisions due to the configurative forces, so that by imagining these two surds

superposed and combined, there would be a concurrence in the two constric-

tions of which the terminations of the system would constitute a part, and con-

flict in the two intermediate constrictions pertaining to the second of the two
sums under consideration ; and since these two conflicts would be equal, we
might expect, agreeably to our theory, to see the sheaf give place to three jets

;

and we might also expect, for analogous reasons, the manifestation of three jets

under the influence of the fourth sharp, and of two jets under that of the fifth

sharp of the principal sound.

But, by our theory, the appearance of one, two, or three jets in place of the

sheaf supposes, as we have seen to be the case, that the vibrations communi-
cated to the liquid should regulate what passes in the vein, and this requires

that they should have an energy of action capable of neutralizing the effect of

the disturbing causes which tend to establish, in the successive constrictions as

they arise, inequalities of length not symmetrically distributed ; now, all things
being otherwise equal, the action of the vibrations on the vein decreasing with
the amplitude of these vibrations, we can conceive that above the grave octave
cf the principal sound this action may simply be insufficient, and that if it had
been possible to augment, by a more immediate transmission or by a better dis-

position of the system of the orifice, the amplitude of the vibrations communi-
cated, the three sounds indicated above would have ceased to show themselves
inactive in regard to the sheaf. This will become evident, if we observe that

the vibrations act on veins projected obliquely in the same manner as on veins

directed vertically from above downwards, and if we recall that, in the experi-

ments of Savart mentioned in No. 14, § 3, and explained in §§ 21 and 22, ex-

periments in Avhich everything was so arranged as to give great intensity to

the vibrations communicated, the mode of transformation imparted by these

last was completely substituted for that of the configurative forces, even as re-

gards sounds extending to the fifth sharp of the principal sound.

We have spoken of the possible influence of a change in the system of the

orifice, and this because the orifice employed in my experiments was pierced in

a very thin plate, (being but about half a millimetre in thickness,) and henco
this plate vibrated, perhaps with difficulty, in unison with sounds not having a

certain degree of gravity.

§ 30. We have now, in order to finish the theoretical examination of the

influence exerted by vibratory movements on liquid veins, only to show the

connexion of the theory with the facts of No. 17, of § 3.

Smce the principal sound is also that (§§ 5, 12, and 26) for which the dura-

tion of a vibration is equal to the duration of a constriction or a dilatation at the

contracted section, and since, from experiment, the number of vibrations cor-

responding to that sound proportionally diminishes as the direction in which
the jet is thrown departs from the descending vertical, the same is necessarily

the case with the number of incipient constrictions and dilatations, and conse-

quently with the number of incipient divisions. But, as the velocity of dis-

charge of the liquid is obviously independent of the direction of that discharge,

the number of divisions which originate in a given time can only decrease

notably by an augmentation in the length of these incipient divisions ; hence,

with the same discharge and the same orifice, the incipient divisions continue

to lengthen in proportion as the direction of the emission of the vein departs

more from the descending vertical. Now, this result is directly deducible from

the hypothesis of § 2. In effect, while a vein directed vertically from above
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downwards tends to grow more slender l»y reason of tlie acceleration of tlic

movement due to gravity, a vein directed vertically from below upwards, on

the contrary, tends to grow thicker on account of the retardation due to gravity;

and since, according to the hypothesis in question, the progressive attenuation

of the vein directed from above downwards occasions, by virtue of the recip-

rocal dependence (solidarite) of the divisions, a diminution of length in the

incipient divisions, the thickening of the vein directed from below upwards

must, for the same reason, occasion an augmentation of length in the incipient

divisions ; whence it follows that, when the directioH of the emission of the

vein passes progressively from the first of these cases to the second, the inci-

pient divisions will continue gradually to grow longer.

As is seen by the number under discussion, from the direction of the descend-

ing vertical of the vein to the horizontal direction, the lowering of the principal

sound is inconsiderable, but it becomes considerable from the horizontal direc-

tion to that of the ascending vertical, which implies that the same shall be the

case with the lengthening of the incipient divisions. Now, this fact also flows

from the hypothesis of § 2 : in effect, the vertically ascending vein tends to be

much more thickened, especially towards its upper extremity, on account of the

gi-adual annulment of the velocity of the liquid, than the vertically descending

vein tends to become slender at an equal distance from the contracted section

;

consequently, and still in virtue of the solidarity of the divisions, when the vein,

thrown at first in the horizontal direction, continues approaching the ascending

vertical direction, the successive augmentations in length of the incipient divi-

sions must become much greater than when the vein, quitting the vertically

descending direction, attains by degrees the horizontal direction.

The facts observed, being thus connected in a necessary manner with the

hypothesis of § 2, serve recipi'ocally for confirmation of the latter, and it was to

them that we had allusion when we said (§ 2) that this hypothesis was sustained

by the results of experiment.

§ 31. in terminating the second series, we announced that in the present one,

after completing what relates to liquid veins, we should treat of figures of equi-

librium other than the sphere and cylinder, but in order not to give too much
extension to this memoir, we have decided to reserve the latter subject for an-

other occasion.

Note.—Since the publication of our theory of the constitution of liquid veins,

as explained at the end of the previous series, the discussion of such veins has

formed the subject of several successive publications, which we propose briefly

to recall.

In 1849 M. Hagen presented to the Academy of Berlin a memoir on the disJcs

which are formed at the meeting of two liquid, veins, and, on the resolution of
isolated liquid veins into drojjs, (Poggendorff's Annalen, vol. Ixxviii p. 451.) The
experiments made by the author on isolated veins conduct him to a law, in re-

gard to the relations between the length of the continuous part, the discharge

and the diameter of the orifice, Avhich does not seem to him to coincide with,

those of Savart. We are convinced that the disagreement is but apparent. In
fact, Savart has only given his laws as approximative ; and besides, as we have
shown, (2d series, § 80,) these laws only constitute limits which the results of

experiment approach the more closely as, for a definite orifice, the least of the

discharges employed is stronger, and as, for a less but definite discharge, the

orifice is smaller. As to the phenomenon of the resolution into isolated masses,

M. Hagen, who could have no knowledge of our theory, the latter having been
then too lately published, hazards the conjecture that this resolution is probably
attributable to the capillary forces.
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In 1851, M. Billet-Selis published, iu tlie Annates de Chimic ct de Physique,

(t. xxxi, p. 326,) a notice on the means of observing the constitution of liquid

veins. He there describes two difi'erent processes : the first is that which was
indicated some time ago by myself for the observation of rapid periodical move-
ments, the employment, namely, of a revolving disk pierced with narrow slits,

equidistant and in the direction of the radii ; the second, which is an ingenious

modification of that of Savart, consists in producing, by help of a large concave
mirror, a real and inverted image of the vein, under such an arrangement that

the vein and its image shall appear confounded. I will recall, in this connex-
ion, another process, communicated in 1846 to the Academy of Sciences at

Paris by M.Matteucci, {^Gomptes Rcndus, vol. xxii.p. 260,) which is a happy ap-

plication of that devised by M. Wheatstone, for the case of rapid movements

:

it consists in illuminating the vein by a strong electric spark.

A memoir entitled Nouvelle Theorie de VEcoulement des Liquides was presented

to the Academy of Sciences of Paris, (February 26, 1855,) by M. Dejean, but

is generally known only by a short analysis, which we owe to the author him-
self, and which was inserted in the scientific journals ; this treats, among other

subjects, of the constitution of liquid veins projected.from circular orifices, and
of the action exerted on them by vibratory movements. M. Dejean admits,

for the case in which the vein is withdrawn from all extraneous action, the ex-

istence of the pulsations which Savart supposed to be produced at the orifice

by the efflux itself, and he seeks to explain these pulsations, the laws relating

to their number, and a part of the phenomena which depend on the influence

of sounds. The analysis in question makes no mention of our theory.

Still another memoir, entitled Recherches HydrauUques, was presented, about
the same time, by M. Magnus, to the Academy of J3erlin, (Poggendorfi's An-
nalen, vol. xcv, p. 1 ) The author occupies himself chiefly with the phenomena
which are manifested when two veins meet under certain angles, and with the

different aspects assumed by veins which issue from orifices of different forms
;

but he speaks also of the constitution of veins escaping from circular orifices

and of the influence of sounds. M. Magnus, who likewise makes no mention
of our theory, attributes the separation of the masses which compose the dis-

continuous part to the increasing inequality of the velocities of two contiguous

horizontal strata of the liquid of the vein. As to the manner in which the

sounds 'act, the little that he says reverts to the idea of Savart of which we
have ourselves made use in the present series, that, namely, of successive com-
pressions and tractions exerted by the vibrations, but he combines it with his

own opinion on the formation of the discontinuous part.

Inasmuch as the theory which we have developed at the close of the second
series is not based, as regards its fundamental principles, on hypothetical con-

siderations, but is the necessary consequence of results of experiment; as it

gives an explanation of all the details and of all the laws of the constitution

of veins projected from circular orifices and not subjected to the influence of

vibratory movements ; as the present series, finally, renders equally an account

of all the phenomena occasioned by this last influence, we have thought it use-

less to enter into any discussion in regard to the above theories.

.22 B



338 FIGURES OF EQUILIBRIUM OF A LIQUID MASS

FOUKTH SERIES.

Figures of equilihrntm of revolution, other than the sphere and, the cylinder.

§ 1. The preceding series having completed the theoretical study of the liquid

vein, wo return to liquid masses withdrawn from the action of gravity, and pro-

pose to prosecute the examination of figures of equilibrium of revolution.

Let it be remembered, in the first place, that if we designate by R and R'

the two principal radii of curvature at the same point of the free surface of a

liquid mass virtually without weight, and by C a constant, the expression of

the general condition which such a surface should satisfy in a state of equili-

brium is (2d series, § 5) p + i>7=C!, an expression in which R and R' are

positive when they pertain to convex curvatures, or, in other words, when they

are directed to the interior of the mass, and negative in the opposite case; let

it be also remembered that this equation is a simple transformation of that

which implies that the pressure exerted by the liquid on itself, in virtue of the

mutual attraction of its molecules, does not change from one point to another

of the surface of the mass, (ibid. ;) and be it remembered, lastly, that, accord-

ing to a known property of surfaces of revolution, if the figure of equilibrium

pertains to that class, one of the radii R and R' is the radius of curvature of

the meridian line at tho point under consideration, and the other is the portion

of the perpendicular comprised between the point in question and the axis of

revolution, or, as may be expressed more simply, the perpendicular to that

pojnt.

In this case, that is, in the case of surfaces of revolution, the preceding ex-

pression, put in the difi'erential form, is completely integrable by elliptical func-

tions, so that the forms of the meridian lines may be deduced from it, and it is

this which M. Beer has proposed to do in a recent memoir,* in which, for the

second time, he has done me the honor of applying the calculus to the results

of my experiments ; and, besides this, a property discovered by M. Delaunayt
by means of the calculus, and since demonstrated geometrically by M. La-
marle,| enables us to attain the same object without having recourse to ellipti-

cal functions. We shall speak, in a proper place, of these resources of analysis

and geometry ; but, in the present series, we purpose to arrive at the forms of

the meridian lines, at all their modifications and all their details, by a reliance

upon experiment and by availing ourselves of simple reasoning applied to the

relation which the equation of equilibrium establishes between the radius of

curvature and the perpendicular. Our undertaking, in which experiment and
theory will proceed side by side, may thus serve as a verification of the latter.

To avoid all ambiguity, we will replace the letters R and R' by the letters

M and N, the first of which will be iinderstood to designate that one of the

two principal radii of curvature which pertains to the meridian line, and the

second that which constitutes the normal or perpendicular ; so that, as regards

figures of revolution, the general equation of equilibrium will be, vf+i^=C!.

§ 2. This notation being adopted, we shall proceed, first, to demonstrate that

the sphere is the only figure of equilibrium of revolution whose meridian line

meets the axis. To this we may add the plane, if we consider it as the limit

of spheres, or as the surface generated by a right line perpendicular to the axis.

*Tractatus de Theoria Mathematica PhcBtiomenorum in Liquidis Actioni Gravitatis De-
tract is Observatorum. Bonn, ]857.

t Sur la Surface de Revolution dont la Courbure Moyenne est Constante. Joiurnal de M.
Liouville, 1841, t. vi, p. 309.

t Theurie Geometrique des Rayons et Centres de Courbure. Bulletin de I'Acad., 1857, 2d
Series.
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Let us conceive a figure of equilibrium of revolution not being either a
sphere or a plane, and whose meridian line meets the axis. I maintain, in the
first place, that this line can attain the axis only perpendicularly. In effect, if

it intersected it obliquely, or if it were a tangent to it, the perpendicular would

be null at the point of intersection or of contact, and the quantity :^-\—= would

become infinite at that point,* while it would be of finite value at neighboring

* There is one case, however, in which this reasoning would seem not to be applicable.
We may conceive a curve such that, at the point where it meets the axis, the radius of curva-
ture would bo null, and that in the neighborhood of this point the radms of curvature and

the perpendicular would be of opposite signs ; then the quantity -77 + :j^ would constitute a

difference, of which both terms would at once become infinite at the point situated on the
axis, and it is not apparent, at the first glance, that this dift'erence might not remain finite.

We have to demonstrate, therefore, that the thing is iiipossible if the curve does not meet
the axis normally. For that purpose, but only in this case, Ave shall be obliged to make use
of the known expressions of the radius of curvature and of the pei-pendicular in functions of
difliereutial coefficients.

If we take the axis of revolution as axis of the abscissae, we shall have p and q, respect-
ively the diiferential coefiicients of the first and second order of y relatively to x :

M^LJIili- H)
q

N= 2/(l+p"';* (2)

whence we deduce, for the relation of the two terms of the first member of the equation of
equilibrium

:

j|^

f=i±^ (3)

M
Now, let y=^f(x) be the equation of the meridian line. Taking as origin of the co-ordinates

the point where this line meets the axis, so that for a:=o we have y=^o, we can then sup-
pose the function f(x) developed in a series of ascending and positive powers of x; and if

we assume that the curve meets the axis under an angle other than a right angle, which re-

quires that, for 2;= o, the first diiferential coefiicient should be finite or null, it will be neces-
sary that the exponent of x, in the first term of the series, should be unity. Let us remark
here that, having only to consider the curve at the point where it reaches the axis and at

points very near, Ave may ahvays consider x extremely small, so that, in relation to this por-

tion of the curve, onr series will be necessarily convergent. Let us say, then

:

j/= «x+ i2:"»+ cz°+ (4)

an equation in which the exponents m n axe positive and greater than unity. Conse-
quently we shall have

:

p=za-\-mbx^—^-^-jicx^—1+
5=m (m—1 ) hx^—^+ n (n—1 ) cx^—^ -}-

The first of these expressions, when we make therein x=o, is reduced to p=^a, so that

the curve meets the axis under a finite angle, but other than a right angle, or under an angle

null, according as we suppose the constant a finite or equal to zero. Then, if Ave assume
that at the point situated on the axis the radius of curvature is null, Ave see, by formula (1,)

that in this same point q must be infinite, and, in virtue of the second of the aboA'e expres-

sions, this condition will be satisfied if the first, at least, of the exponents m n be less

than 2.

Let us now introduce into the fonnula (3) these same expressions of p and q and that

of y. There will result

:

J_
N 1 + (a+ Tnftx"'—1+ «ca:'^—1) ^

l'~(m(m—l)6z™—*+ w(n—l)czi—2+ ) (ax-f 6zm+ cz'^+ )

M
and we readily see that, for x=o, this ratio becomes infinite. Then, in effect, since the

quantities m7i are all greater than unity, on the one hand the numerator is reduced to

1 -\- a"—that is to say, to a finite quantity ; and, on the other hand, the denominator, of which
the term of the smaller exponent, after the requisite multiplication, is m(ni—l)a6z'^—S is
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points ; this quantity would, therefore, not be constant in the entire line of the

cui-ve as the equation of equilibrium requires.

Let us imagine, now, that the liquid fulfils the condition just laid down, and
proceed to consider, at its departure from the axis, an arc of the meridian line.

As, by the hypothesis, this line, is neither straight nor circular, the curvature of

the arc will vary from one point to another ; it will commence, consequently,

either by a process of augmentation or diminution, and we may take an arc so

small that the curvature shall go on constantly augmenting or constantly dimin-

ishing from the point situated on the axis, quite to the other extremity. Let

us suppose, first, the curvature continually increasing, and let a b d (Fig. 1) be

the arc in question. At the point a the perpendicular is coincident with the

axis, and, in proportion as it leaves that point, forms with the axis a progress-

ively greater angle ; but we will so limit the length of the arc that, from a to d,

this angle shall not cease to be an acute one. Through the two points, a and d,

let us describe au arc of a circle, a c d, which shall have its centre on the axis,

and which, consequently, meets this axis perpendicularly.

1^.2 Fy.3 Fi^.4 Fiy.4,
"hUt

Since the arc ah d, whose curvature constantly increases, departs from a in

the same direction with the arc of a circle, and, after being separated from it,

rejoins it at d, it is evident that its curvature must, at first, be less than that of

this second arc, and afterwards become greater, so that at the point d the ladius

of curvature of the arc a h d m smaller than the radius of the arc of the circle.

But from the common initial direction of the two arcs, and from this relative

progression" of the curvature of the arc a b d, it necessarily results that this

last is, as the figure shows, exterior to the other, and that at the point d it must
cut and not be a tangent to it ; if, then, at this point d, we draw the perpen-

dicular df to the arc of the curve and the radius d g oi the arc of the circle,

the former will be less oblique to the axis than the latter, and will conse-

quently be shorter. Thus, at the point d, the two quantities M and N will be
both less than the radius of the arc of the circle* Let us take now, in the part

of the arc ah d, where the curvature is less than that of the arc of the circle,

any point m, and let us take, on the second of these arcs, a point n., so that the

portion a n shall be equal in length to the portion a m. Under these condi-

tions, the point m will be evidently more remote from the axis than the point n,

entirely annulled. We may remark, in passing, that this result is independent of the con-
dition ?«-\2, so that it is true as well for a radius of curvature, finite or infinite, at the point

situated on the axis, as for a radius of curvature null, which should be the case according
to what has been seen above. Now, if at this same point the radius of curvature is null, the

two quantities — and —, both assume, indeed, an infinite value; but, since their ratio

becomes at the same time infinite, their difference becomes also infinite, which is what was
required to be demonstrated.
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and, on tlie other hand, the perpendicular at m will be more oblique to the axis

than the radius drawn from n ; for this double reason the perpendicular in ques-

tion will be greater than the radius of the arc of the circle ; but, because of the

inferioritj of the curvature at m, the radius of curvature at that point will be
also greater than the radius of the arc of the circle.

From all this it results that the values of M and N, corresponding to the

point m, are both superior to those which correspond to the point d ; but it is

clear that M and N are of the same sign throughout the length of the arc a b d,

and that thus, at the point m as at the point d, the quantity t?+^ constitutes

a sum ; this same quantity, then, is smaller at m than at d, and, consequently,

the equilibrium of the liquid figure generated is impossible.

If we suppose, now, that the curvature of our meridian arc constantly dimin-

ishes, as is seen in a' b' d' , (Fig. 2,) it is apparent that then this arc will be
interior to the arc of a circle a' c' d', having its centni on the axis, that its cur-

vature will at first be superior and become afterwards inferior to that of the

latter, and that at the point d' one of the arcs will again intersect and not be a
tangent to the other ; whence we may conclude, by the mode of reasoning

employed in the preceding case, that the quantity w+Tyj is greater at a point

near a' than at d' , so that the figure generated is, as before, impossible.

Hence, when the meridian line meets the axis, the condition of equilibrium

cannot be satisfied unless that line is a circumference of a circle, having its

centre on the axis, or, if we suppose the radius of this circumference to be infi-

nite, a right line perpendicular to the axis ; the figure generated, therefore, is

necessarily either a sphere or a plane.

From this flows, as a necessary consequence, the truth of the proposition

which I advanced (2d series, § 28) from the results of experiment, namely, that

when a continuous and finite portion of a surface of equilibrium rests on a cir-

cular periphery, that portion must constitute a spherical cap or a plane. To
be otherwise, it would be necessary that the cap should not be a curve of revo-

lution—a supposition which is never realized.

§ 3. The meridian lines of such other figures of equilibrium of revolution as

can have no point in common with the axis, must either be extended infinitely,

or be closed beyond the axis. The first class will generate figures which
extend to infinity, and of these the cylinder has already afforded an example.

The second would yield annular figures ; and we shall see, at the end of the

present series, whether the existence of figures of that kind is possible.

To simplify the investigation of the lines in question, we shall proceed to

demonstrate that they contain no point of retrogression. If we suppose the

existence of a point of that nature, there are three cases to be considered : first,

that in which the tangent at the point of retrogression, a tangent which is com-
mon to the two branches of the curve, is not perpendicular to the axis of revo-

lution, whatever direction it may otherwise have ; second, that in which this

common tangent is perpendicular to the axis, and where the two branches ap-

proach the latter in proceeding towards the point of retrogression ; and, third,

that in which the common tangent, being again perpendicular to the axis, the

two branches, in proceeding towards the point of retrogression, withdraw from

that axis.

First case.—By casting the eyes on Fig. 3, which represents, in meridian

sections, portions of the liquid figure, for different positions of the point of retro-

gression in relation to the axis of revolution ZZ', we readily perceive that in

the neighborhood of that point the perpendicular is always, as regards one of

the branches, directed to the interior of the liquid, and is consequently positive
;
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wliile, as regards the other, it is directed to the exterior, and is consequently

negative. Now, the equation ^^=+ ^^= cannot comprise this chan'ge of sign of

the perpendicular N in passing from one branch to the other, for it would re-

quire tha»t at the point of retrogression this perpendicular should be null or in-

finite ; and in the present case the perpendicular in question is evidently finite,

since the tangent is not perpendicular to the axis, and the point of retrogression

cannot be upon the latter.

Second case.—If the point of retrogression be of the second kind—that is to

say, if the two branches which meet therein are situated on the same side of the

common tangent—we se e that, for one of these branches, the perpendicular and

the radius pf curvature are both positive, while for the other they are both

negative; the quantity tTt+ ^t would then change the sign in passing from one

to the other, and thus would not be the same through the whole extent of the

liquid figure.

If the point of retrogression is of the first kind—that is, if the two branches

are situated on the two opposite sides of the common tangent—the radius of cur-

vature, we know, is there null or infinite, but a radius of curvature null would

render infinite thS quantity TTF+nTf. so that we have to examjne only the hypoth-

esis of a radius of infinite curvature. Since, then, from the direction of the tan-

gent, the perpendicular is also infinite at the point which we are considering,

the quantity :jrr+^ would be reduced to zero at the same point; it would there-

fore be necessary, for equilibrium, that this quantity should also be null at all

other points of the meridian line. Now, this is impossible, since, when we depart

from the point of retrogression, the radius of the curvature and the perpendicu-

lar assume, on each of the branches respectively, values finite and of the same
sign.

Third case.—If the point of retrogression is of the second kind, the radius

of curvature has opposite signs on the two branches, and consequently must be
either null or infinite at the point in question; but, as has been already shown,
we need not occupy ourselves with the hypothesis of a radius of curvature null

;

there remains, therefore, that of a radius of curvature infinite. Now, the perpen-

dicular at the same point being likewise infinite, equilibrium requires, as above

that the quantity ttf-I-^ should be null for all the points of the meridional line.

Here, at first glance, the thing seems possible, since, near the point of retrogres-

sion, the radius of curvature and the perpendicular, on each branch considered

separately, are of contrary signs, but we shall presently see that this possibility

is but apparent.

If the point of retrogression be of the first kind, the radius of curvature is

there necessarily null or infinite, as has been already shown ; and since we must

reject the radii of curvature null, the quantity ^.r+ s^ is again equal to zero at

the point in question, and must be so likewise at all other points ; which appears
po^ible as in the former case, and for the same reason. But in order that at

all points of the meridian line the quantity
-nTf 4-^ should be null, it is evidently

necessary that in each of these points the radius of curvature must be equal
and opposite to the perpendicular. Now geometers are aware that one curve
alone possesses this property, and that that curve is the catena, fchainette,)
which has no point of retrogression.
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§ 4. Tlie principles established in the two preceding paragraphs having elimi-

nated from the question of our meridian lines the complications which might
have embarrassed it, we v]§,y proceed to deal more directly with the subject.

In the experiments relative to the formation of the liquid cylinder between
two solid rings (2d series, § 38,) when the upper ring has been raised so as to

cause the mass of oil to lose its spherical form, but not sufficiently to cause it

to assume the cylindrical form, we obtained a portion of a figure of equilibrium
of revolution pertaining neither to the sphere nor to the cylinder; it was shown,
moreover, that if, after having formed the cylinder, the separation of the rings
increased, there would result another portion of a figure of equilibrium equally
differing from the sphere and the cylinder, and which will of course be under-
stood as being also one of revolution. In order to determine what the liquid

figures, to which the portions in question pertain, would be in their completed
state, let us first cite a new experiment.

We take as a solid system a cylinder of iron of considerable length in pro-
portion to the diameter, and supported by two feet made of wire of the same
metal (Fig. 5;) let the length, for instance, be 14 centimetres, and the diameter
2. This cylinder being carefully rubbed with oil and introduced into the vase,

we bring into contact with it, midway its length, a sphere of oil of suitable

volume. As soon as adhesion takes place, the liquid mass spreads upon the sur-

face of the cylinder so as to envelop a part of its extent, loses the spherical

form, and constitutes in the end a figure of revolution whose meridian line

changes curvature in the direction of its two extremities, becoming at those two
points a tangent to the generating cylinder.* The meridian section of the liquid

figure and of the cylinder is represented at Fig. G.

A A
§ 5. As we have shown theoretically, (2d series, §§ 6 bis, 10, 18 and 20,) and

have verified by many experiments, when the liquid mass adheres to a solid sys-

tem which causes it to lose its spherical form, the only parts of that system on

which the new figure of equilibrium depends are the very minute lines along

which it is in contact with the superficial layer or stratum of the mass, so that,

the system may in general be reduced to iron wires representing those lines.

Now, in the figure which we are considering, the free surface of the liquid mass
touches our solid cylinder along' two circumferences perpendicular to the axis,

and passing by the points a and b ; we may therefore readily conceive the en-

tire cylinder replaced by two rings representing those circumferences, that is,

with an exterior diameter equal to that of the cylinder, and placed vertically as

regards one another, having between them the interval a b. It will be necessary,

however, that the quantity of oil should be greater in order to supply the volume

of that portion of the cylinder suppressed in the interior of the mass ; it will

require even a little oil in excess to furnish the substance of the two bases

which rest upon the rings, bases whose surfaces, as we shall presently see, will

be convex spherical caps. In order to avoid these last, which would needlessly

complicate the figure, we may take disks instead of rings ; then, in both cases,

the figure will be entirely formed of oil, and it is represented in this state, in

* M. Beer (see note 1 of § 1) indicates the same experiment for verifying one of the results

of his calculations ; but I had employed it long before.
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its meridian section or vertical projection, by Fig. 1, a m and h n being the sec-

tions or projections of tlie disks. It will be stated hereafter for what reasons

we have suggested the use of a cylinder rather thampf disks or rings.

\ 6. The figure which we have thus obtained, and in which the meridian line

stops at the points a and h where it touches the cylinder (Fig. 6) or meets the

borders of the disks (Fig. 7,) evidently constitutes but a portion of the complete

figure of equilibrium. Let us attempt then to follow the meridian line, start-

ing from these same points a and h where its elements are parallel to the axis.

It is easy to show that the points a and h are not points of inflexion. At
such points the radius of curvature is either null or infinite ; but since, in our

meridian lines, there can be no question of a radius of curvature null, which
would render the first member of the equation of equilibrium infinite, it would
be necessary to suppose this radius infinite at the points which we are consider-

ing, and the equation would there be reduced to —= C. Now, the points c and d

(Fig. 6) are really points of inflexion of this kind, as the aspect of the figure

shows, in so much that the equation of equilibrium is there necessarily reduced

to —= C ; the perpendicular N should then, at the points a and h, have the

same length as at the points c and d, which is evidently not the case; for, in

the first place, the points c and d are more remote from the axis than the points

a and b, and, moreover, the perpendiculars which proceed from the former are

oblique to the axis, while those which correspond to the latter are perpendicular

to it.

Beyond the points a and h, then, the curve begins by preserving a curvature

having the same direction as before, that is, a curvature concave towards the ex-

terior (Fig. 8.) Now, let us suppose that in the prolongation starting from e,

for instance, this curvature should continue either augmenting or diminishing

less than it diminishes on the other side of a ; we can always take on the pro-

longation in question a portion a m so small that at each point the curvature

shall be stronger than at the corresponding points of a portion a n of the same
length taken on the first part of the curve. By virtue of the greater curvature

of all the points of the arc a m, the point m is necessarily more remote from the

axis than the point n, and, moreover, the perpendicular m r which proceeds from
the former is more oblique to the axis than the pei-pendicular n s which proceeds

from the second ; the perpendicular at m is, for this double reason, greater than

the perpendicular at n. On the other hand, coufonnably with the same hypothe-

sis relative to curves, the radius of curvature at m is smaller than at n. Thence
it r^ults that in passing from the point n to the point m, the first term of the

quantity rp+^ will increase and the second diminish. Now, in the parts of

the curve which we are considering, the radius of curvature and the perpendic-

ular are opposite to one another, and have consequently contrary signs, so that

the quantity t;;+^ constitutes a difference; if, then, one of the terms of this
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quantity increases while tlie otter decreases, it cannot preserve the same value,

and equilibrium is impossible. If we suppose, on the contrary, that the curva-

ture of the arc a m, on parking from a, diminishes more than that of the arc a n,

we shall conclude, by the same mode of reasoning, that the quantity —+—» ^ -^ M N
would likewise change its value in passing from one of the parts of the curve
to the other.

Thus the hypothesis of curvatures either greater or less in the arc a m than
in the arc a n'\^ incompatible with the equation of equilibrium ; it is conse-

quently necessary, in order to satisfy this equation, that, on the small prolonga-

tion a m, the curvatures should be identically the same as on an arc a « of the

same length taken on the other side of a. Now, it is clear that this implies the

identity of the whole portion of the curve situated beyond the point a with the

portion situated within it. The portion of the curve comprised between a and b
(Figs. 6 and 7) will be reproduced, therefore, beyond a, and, for the same reasons,

will be still reproduced indefinitely ; and the same will be the case on the other

side of the point b, in such manner that the meridian line will represent an un-

dulating curve extending to infinity along the axis, approaching and retiring

alternately and periodically by equal quantities.

The complete figure of equilibrium, therefore, is prolonged to infinity along

the axis, and is composed of a regular and equal succession of expanded and
constricted portions, of which Fig. 9 represents a meridian section of a certain

extent. To this figure of equilibrium we shall apply, in the sequel, the name
of unduloid, from the form of its meridian line.

§ 7. It is easy to conceive how equilibrium may exist in such a figure, although

in the dilated parts the curvature is convex in all directions around the same
point, while, in the constricted parts, the curvature is convex in certain direc-

tions and concave in others : it is because, in these latter parts, the convex or

positive curvatures are stronger than the concave or negative curvatures, so that

the mean at each point (2d series, § 6) is positive and equal to that which cor-

responds to the difierent points of the dilated parts. From the fact that,

in the unduloid, the mean curvature is positive, it necessarily results that when-
ever we realize any portion of an unduloid between two rings, the bases which
rest upon the latter will be convex spherical caps.

§ 8. If, in the experiment of § 4, the volume of oil remaining the same, we
employ a solid cylinder of greater diameter, the liquid mass extends still more
in the direction of the axis, and the meridian curvatures diminish, so that, in

the corresponding complete figure, the expansion and constrictions are less de-

cided. Thus the meridian curvatures, in the partial and consequently in the

complete figure, become proportionably efi"aced as the diameter of the solid cylin-.

der is greater ; whence we perceive that, in these variations, the complete figure

tends towards the cylindrical form, which may be considered, therefore, as the

limit of the variations.

If, on the contrary, while the volume of oil still remains the same, we employ

a solid cylinder of smaller diameter, the liquid mass becomes constricted in the

direction of the axis, the meridian curvatures augment, and the figure approxi-

mates more and more to the sphere ; thus, for instance, when for a mass of oil

constituting primarily a sphere 6 millimetres in diameter, we take, as solid cylin-
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der, an iron wire 2 millimetres in thickness, the mass assumes almost exactly

tbe spherical form, and, if we use a very fine wire, the variance from the spheri-

cal form becomes' wholly imperceptible. And inasmuch as the complete ii^nre

varies in this manner in all its parts, the dilatations and constrictions will be

more and more decided, and, at the final limit, the figure will consist of a su&-

cession of equal spheres, tangents to one another on the axis.

The complete uuduloid may, therefore, vary in form between two very wide

limits, being, on the one hand, the cylinder, and, on the other, a succession of

equal spheres which touch one another on the axis. In Fig. 10 are represented

two unduloids, one of which differs little from the cylinder, and the other ap-

proximates to a series of spheres. In these different aspects the figure of equi-

librium with which we are occupied has, as we see, an analogy with the succes-

sive phases of the transformation of an indefinite liquid cylinder (Fig. 30 of 2d

series.)

§ 9. But the unduloid is susceptible of another kind of variation, which

gives a third limit. Let us suppose a vase similar to that we have been using,

but of dimensions much greater ; let us place therein horizontally, immersed in

the alcoholic liquid, a solid cylinder 2 centimetres in diameter, for instance, and
of considerable length, supported on feet sufficiently elevated. We cause to

adhere to this cylinder a mass of oil which shall produce a portion of ail undu-

loid similar to that of Fig. 6, and then add a new quantity of oil ; the figure

will now increase in length and at the same time in thickness ; but let us push
it slightly on one side, so that one of its extremities shall be brought back to

the same place as at first, and tlie other only remain extended. If we add
successively new quantities of oil, still pressing back the first extremity of the

figure to the same place, this figure will progressively acquire greater thickness,

and its second extremity will retire more and more ; and, as we may conceive

the vessel as large and the cylinder as long as we please, there is nothing

which prescribes a term to the theoretical possibility of the increase of the

figure in thickness as well as length. If, then, we suppose this increase carried

to infinity, the summit of the convex meridian arc and the second extremity of

the figure will exist no longer, so that the meridian line, beginning with the

first extremity, will continue to retire indefinitely from the axis ; and since the

extremity last mentioned constitutes the neck (cercle de gorge) of a constricted

portion, and since, on both sides of such a constriction, everything is perfectly

symmetrical, (§ 6,) we perceive that the complete meridian line will be reduced

to a simple curve with two infinite branches, like the parabola, having its axis

of symmetry perpendicular to the axis of revolution ; consequently tlie com-
plete figure generated will itself be reduced to a single constriction, extending

indefinitely from one part to the other of its cercle de gorge. We shall pre-

sently learn, in a precise manner, the nature of this third limit of the unduloid.

§ 10. Let us return, now, to the employment of two disks for the realization

of the portion of unduloid comprised between the middle points of two neighbor-

ing constrictions, (§ 5.) When we attempt this realization by attaching to the

two disks a greater mass of oil than should constitute the figure, and tiien
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gr^ually abswb tlie excess by means of the small syringe, the operation pro-
ceeds without difficulty so long as the elements of the meridian line which ter-

minate at the edges of the disks deviate considerably from parallelism with
the axis ; but when they approximate to this pai-allelism, or, in other words,
when we approach the portion of the unduloid which we wish to obtain, it is

necessary to operate with greater precaution, as the figure might otherwise
ciiange spontaneously and disunite. By conducting the operation with care,

and, towards the end, removingthe oil only in very small quantities, we arrive,

as far as the eye can judge, at the desired portion of the undulqid, (Fig. 7,) a
portion which varies in form by approaching or withdrawing from the cylinder,
according as the diameter of the disks is greater or smaller relatively to their

distance ; but then the slightest cause, such as a minute movement communi-
cated to the mass by the point of the syringe, is sufficient to produce the
gradual alteration and destruction of the figure, which is seen to grow progres-
sively thinner near one of the disks, the oil being transferred in greater quantity
to the side of the other disk, and the mass finally separates into two parts.

From the fact that, in the figure obtained as above, an alteration, occasioned by
tlie most trifling cause, proceeds afterwards spontaneously, it would seem that
tlie portion of unduloid comprised between the middle of one constricted por-
tion and that of the next is at the limit of stability.

We see, from what has just been said, why, in § 4, the adoption of a cylin-

dei' as a solid system was recommended. With disks, there is need of the
greatest circumspection and care to arrive at the point where the last elements
of the meridian line are or appear parallel to the axis ; while with the cylinder

the figure is perfectly stable, and the required parallelism is established of
itself. But it remains to be explained how the stability of th^ figure can de-

pend on the two circumferences along which the superficial stratum of the mass
touches the cylinder, (§ 5.) This is easily done : in the case of the disks,

when it happens, as has been said, that the figure grows thin spontaneously on
one side, the elements of the superficial stratum which terminate at the edge
of the disk near which this efiect takes place are inclined towards the axis,

(Fig. 11;) but, in the case of the cylinder, the last elements of the superficial

stratum cannot be thus inclined, since they lie on the surface of the solid.

FiS-ll

This explanation naturally suggests the idea of substituting for thin disks

thick ones, or, rather, portions of a cylinder ; for, by giving to the mass, at first,

a sufficient volume for the oil to reach the edges of the faces of these thick

disks opposite to those which front one another, and then removing so much of

the liquid that the circumferences of contact shall fall on the thickness of the

disks, the cause of stability, above indicated, will evidently exist just as well

as with a continuous (Cylinder. Now, this is fully confirmed by experiment;

the disks which I used had each a diameter of 15 millimetres and a thickness

of 8, and were fixed at a distance of 90 millimetres apart ; the entire system is

represented at Fig. 12. By causing to adhere to the whole a mass of oil, at

first too great, then removing the excess, and lightly pressing the mass to right

or left with the point of the syringe, so that the points from which the meridian

line appeared to depart were nearly at an equal distance from the two bases of

each disk, the figure produced evinced a perfect stability ; it is practicable, by
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continuing to absorb small quantities of oil, to bring the extremities of the

meridian line very near the edges of the solid bases fronting one another with-

out a loss of stability in the figure, and only when they seemed to reach those

edges was instability manifested.

§ 11. Since the portion of unduloid with which we are occupied has already

reached the limit of stability when it is formed between two thin disks, and is

thus free in its whole extent with the exception alone of its bases, it would be

useless to seek to realize a portion of unduloid equally free which should extend

on both sides beyond the centres of two constrictions, and hence we infer that

the indefinite unduloid is, like the indefinite cylinder, an unstable figure of

equilibrium. An experiment, however, of our 2d series, affords incidentally

an unduloid which is prolonged beyond the centres of two constrictions, but

very close to the cylinder ; to this we shall return hereafter.

§ 12. It is now easy to see that the convex figures spoken of in § 38 of our

2d series, while describing the formation of the liquid cylinder, figures which
are obtained when, after having, attached a sphere of oil to two horizontal solid

rings equal in diameter and placed one above the other, we raise the upper
ring by a less quantity than that which gives to the mass the cylindrical form

—

that these figures, I say, are nothing else but portions of the dilatations of the

unduloid ; only, when these convex figures are produced by the process just

recalled, they are so placed that their axis is vertical.*

Let us conceive, in effect, an unduloid realized by means of two thick disks,

(§ 10,) and consequently in a state of stable equilibrium, and imagine that we
place at equal distances to the right and left of the middle of this figure, be-

tween that middle and the thick disks, two vertical solid rings, having their

centres on the axis and their exterior circumference precisely at the surface of

the mass ; it is clear that these rings will not destroy the equilibrium of the

figure. Now, if we suppose that the parts of the figure situated beyond these

rings are replaced by convex spherical caps resting on the latter, and whose
curvature is such that it occasions a pressure equal to that which pertains to

the rest of the figure, equilibrium will still evidently exist, and it will still be
perfectly stable, since the distance of the rings is less than that which corre-

sponds to the limit of stability. But, then, if the rings are not sufficiently

separated for the portion of the meridian line which extends from one to the
other to contain points of inflection, it is evident that the whole will constitute

one of the convex figures in question ; foi*, according to the different forms of

the unduloid, the meridian line of the portion comprised between the rings may
vary from an arc of a circle, with its centre on the axis, to a straight line, aa

in these convex figures. For these last not to be portions of an unduloid, it

would be necessary that between the same rings, placed at the same distance

from one another, and with an equal mass of oil, there should be two figures

of equilibrium possible, both of them stable, which experiment contradicts. If,

after having transformed a sphere of oil into one of the convex figures in ques-
tion, whether by increasing the separation of the rings or by subtracting a cer-

tain quantity of the liquid, we agitate the alcoholic mixture so as to give con-

siderable motion to the mass of oil, but still not enough to disunite it, and then
allow it to return to a state of rest, it will always resume identically the same
form.

In the experiments of §§ 44 and 45 of the 2d series, tvhen the rings or disks

were placed at a distance of four times their diameter, and the liquid mass com-
prised between them was sufficient for the stability of the figure, this figure

evidently constituted part of an unduloid ; but as, by the abstraction of oil, we
afterwards arrived, through a very small diminution of the mass, at its sponta-
neous destruction, it follows that the portion of unduloid in question was but

* One of these convex figures is represented at Fig. 21 of 2d series.
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little removed from its limit of stability, and that hence its meridian Hue con-
tained very probably points of inflection.

In describing the experiments of § 65 of the same series, experiments -which

commence with the momentary realization of a cylinder a little transcending

the limit of stability, it was said that the spontaneous alteration of this cylin-

der was sometimes manifested by the formation of two constricted portions

comprising between them one dilated portion ; that this state of the figure,

after attaining no very decided development, appeared to remain stationary for

some time ; that then one of the constricted portions was slowly obliterated

while the other deepened, and the transformation continued afterwards in the
ordinary manner. Now, from the fact that this figure, with two contractions,

persists for a considerable time, it must be inferred that it constitutes a figure

of equilibrium, and consequently an unduloid little diffei'ent from the cylinder

and surpassing the limit of stability—that is, extending itself beyond the cen-

tres of the two constricted portions. In eifect, since such an unduloid, al-

though unstable, is a figure of equilibrium equally with the unstable cylinder,

it may likewise be formed, for some moments, between the disks, and it may
be conceived that a slight accidental cause would sufiice to transform the mass
from one of these figures into the other. We see, finally, that, in the experi-

ments of § 10 of the present series, the liquid mass thus always constitutes a
portion of an unduloid which becomes modified, without ceasing to pertain to

this kind of figure, in proportion as we absorb the excess of oil. •

§ 13. The transient unduloid, spoken of above, verifies the conclusions of § 6
relative to the pursuit of the meridian line beyond points of the concave parts

where the elements become parallel to the axis. Unfortunately this unduloid

is not produced at will ; its meridian curvatures are weak, and it is otherwise
unstable ; but another experiment, to which allusion has been made without
describing its results, furnishes a precise verification of the same conclusions.

If, after having formed between two rings a vertical cylinder whose height is

much less than that which would correspond to the limit of stability, we
slightly raise the upper ring, tjie cylinder is observed to become somewhat
hollowed in the meridian direction, so that the figure presents a constriction

;

if the ring be again raised, the constriction still deepens and the figure remains
perfectly symmetrical on both sides of the cercle de gorge, whicfh is, conse-

quently, situated at the middle of the interval between the rings. If, in the

cylinder with which we started, the ratio between the height and diameter was
suitable, we may, by proceeding thus, render the constriction very decided, and
then the meridian line changes the direction of its curvature by tending towards
the rings, so that it presents two points of inflection at an equal distance on
both sides of the cercle de gorge ; the bases of the figure, also, preserve their

convex form, and even their curvature increases more or less. In this experi-

ment there is always, we may conceive, a limit to the separation of the rings,

beyond which equilibrium is no longer possible ; if we overpass it, the con-

stricted portion grows spontaneously more slender, till it breaks and the figure

separates into two portions ; but, for every degree of distance less than the

limit in question, the equilibrium is stable, The cylinder which has appeared

to give the above results most distinctly, is that whose height is to the diameter

nearly in the ratio of 5 to 7. In employing, for instance, rings of 70 millime-

tres in diameter, it is proper to form a cylinder of about 50 millimetres in

height ; the upper ring may then be raised until it is distant from the other

nearly 110 millimetres, and we thus obtain a figure in which the cercle de gorge
has but a diameter of some 30 millimetres.

The experiment thus executed requires great precaution : the equality in the

densities of the two liquids and the homogeneity of the oil should be perfect,

and when the limit of separation of the rings is approached, it is necessary to

proceed with much circumspection. But we succeed without difficulty by so
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arranging that the axis of revolution shall be horizontal ; the rings of 70 milli-

metres, which are then vertical, should be previously placed at a distance of

110 millimetres apart; each of them is attached, by its lo\ver part, to a vertical

iron wire, and the wires are themselves fixed, at their lower extremities, in a

plane table of iron, which supports the whole system ; finally, these wires are

enveloped with cotton, that the oil may not adhere to them, (2d series, § 9.)

A cylinder (Fig. 13) is first "formed between the two rings, then we gradually

diminish the volume of the mass by means of the small syringe. If, when the

neck is not more than about 30 millimetres in diameter, we take care to remove
the oil by only very small portions at a time, we shall succeed in reducing it

to 27 millimetres, and thus obtain the result represented by Fig, 14.

Now, it is evident that all these constricted figures with convex bases—figures

which, like those considered in preceding paragraphs, may deviate as little from

the cylinder as we choose—are still portions of unduloid, though taken differ-

ently in the indefinite unduloid : while the middle of the one is occupied by
the equator of a dilated portion, the middle of the others is occupied by the

cercle de gorge of a constricted portion ; the most extended of the former,

except the transient unduloid mentioned above, is composed of an entire dilata-

tion between two demi-constrictions, (Figs. 6 and 7,) and that represented by
Fig. 14 is composed of an entire constriction between portions of two dilata-

tions.

JTi^Jd Fig.l7

§ 14. Resuming, now, our horizontal rings, with a view of placing, at will,

the upper one nearer to or further from the other, let us again form a •cylinder

between them, and, without changing their distance, gradually remove oil from
the mass. If the ratio of the distance of the rings to their diameter is much
less than in the last experiment of the preceding paragraph, the curvature of

the bases, instead of augmenting in proportion as the constriction deepens, con-

tinues, on the contrary, to diminish ; and if this ratio does not exceed about §,

the bases at length become absolutely plane. With a ratio still less, we may
even proceed further ; if the absorption of liquid is continued the bases become
concave. Let us form, for instance, between our rings of 70 millimetres diame-

ter, a cylinder 35 millimetres in height, (Fig, 17;) by gradual absorption of

the oil, we shall see the bases sink more and more at the same time that the

constriction grows deeper, and, their curvature at length wholly vanishing, we
shall have the result represented by Fig. 18. If we still continued to use the

syringe, the bases would assume a concave curvature ; but let us pause, for

the moment, while they are yet plane.

With such bases, the constriction comprised between the rings can no longer

,

(§ 7) pertain to the unduloid, and we arrive, consequently, at a new figure of
revolution. Let us inquh-e what this is, in its complete state. We remember
(2d series, § 4) that the pressure corresponding to an element of the superficial
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stratum lias for its value P+--I—+^yan expression in wliicli A is a con-

stant dependent on the nature of the liquid and which cannot be null, and P the
pressure corresponding to a plane surface. Now, in the case with which we
are occupied, the pressure at any point of the complete figure must be equal to
that of a plane surface, since the bases of our partial figure are planes ; the
above expression then will, in this case, be reduced to P, so that we have

P +—=0. Thus the figure in question is such that at each point of its sur-

face the mean curvature (2d series, §§ 5 and 6) is null, or, in other terms, at
each of these points there are, as in the portion formed between our rings, con-
cave curvatures whose effect exactly destroys that of the convex curvatures, so
that the pressure remains the same as if there had been no curvature.

Now, the equation —+~=0 becoming here, according to the notation which

we have adopted for figures of revolution, -—a---=iO, we deduce therefromM N
M=—N; whence we see that, at each point of the_ meridian line, the radius
of curvature is equal and opposed to the perpendicular. Now, geometers have
demonstrated that the only curve which possesses this property is the catena,

(chainette.)* This, then, is so placed relatively to the axis to which the per-

pendiculars are referred, that the right line, which divides it symmetrically into

two equal parts, shall be perpendicular to that axis, and the summit of the
curve distant from the point of intersection of those two right lines by a quan-
tity equal to the radius of curvature of that summit. Our figure, then, in its

complete state, is that which would be generated by the revolution of a catena

thus placed in relation to the axis. We will, accordingly, give it the name of

catenoid, of which Fig. 19 represents a meridian section sufficiently extended,

the axis of revolution being ZZ'.

The catena being a curve, whose branches are infinite, the catenoid also is

extended to infinity, like the cylinder and the unduloid, but no longer in the

direction only of the axis.

§ 15. We recall here a principle which was cursorily noticed in § 8 of the

2d series, and of which we afterwards made use in § 31 of the same series:

when a- surface satisfies the general condition of equilibrium of our liquid

figures, that condition is equally fulfilled whether we suppose the liquid on one
or the other side of the surface in question. In effect, the inversion of the posi-

tion of the liquid, with regard to the surface, only changes the signs of the two
principal radii of curvature corresponding to each of the points of the latter,

but evidently does not at all alter the absolute values of those radii, so that if

the quantity ~+~ is constant in one of the cases, it will be so in the other.

There are always, then, for any one surface which satisfies the condition of

equilibrium, two liquid figures, the second of which presents in concave what
the other presents in relief, and, vice versa, figures*which are both figures of

equilibrium. We see this realized, for instance, in our experiments as regards

the sphere ; a mass of oil left free to itself in the midst of the alcoholic mix-

ture gives a sphere in relief, and, on the other hand, when some of the alcoholic

mixture is introduced into one of our masses of oil, the surfaces into which the

bubbles of this mixture are moulded constitute spheres of oil in concave, (2d

series, § 10.) In virtue of this principle we have two catenoids; that, namely,

* The catena will be recognized as the curve formed, in a state of equilibrium, by a heavy
and perfectly flexible chain suspended at two fixed points.
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of Fig. 19, ill which the liquid fills the space left by the catena in revolving

between itself and the axis, and another in which the liquid occupies the space

embraced by the curve. A meridian section of the latter is represented by
Fig. 20.

§ 16. In the experiment of § 14 we only succeed, as has been said, in ren-

dering the bases of the figure plane when the separation of the rings does not

exceed about § of their diameter. We shall recur, further on, to the details of

this experiment, which presents some curious particulars ; but there is an im-

portant consequence which is deduced immediately from it, and which requires

our notice at present ; for rings of a given diameter there is a maximum of

separation beyond which no portion of a catenoid is any longer . possible be-

tween them. We shall proceed to show that this result is in accordance with

the theory, and we shall, at the same time, be conducted to a new result.

We have seen that the generating catena should satisfy the condition that

the radius of curvature of its summit be equal and opposite to the right line

which measures the distance of that summit from the axis of revolution. This

being so, let us conceive, in a meridian plane, a right line perpendicular to the

axis of revolution, and representing the axis of symmetry of the catena, and
again a second right line parallel to the axis of revolution and distant from the

latter by a quantity equal to the radius of the rings. Let us conceive, further,

in the same plane, a generating catena having its summit at the point where
the right line of the rings is intersected by the axis of symmetry of which we
have spoken. This catena will be tangent at that point to the right line in

question, and consequently cannot rest upon the rings except when tlie peri-

pheries of these pass by the point of tangence, or, in other words, when the

mutual distance of the two rings shall be null ;* the catena under consideration

corresponds then to the case of a separation null of the rings. Let us now
suppose that the curve quits this position and proceeds gradually towards the

axis of revolution, being so modified as always to satisfy the cpndition of

equality between the radius of curvature of its summit and the distance of that

summit from the axis ; in each of its new positions it will cut the right line of

the rings at two points, which we will designate as A and B. The distance of

these two points will then represent, in each of these positions, the distance

apart of the rings, and the corresponding catena will represent the meridian

line of a catenoid, of which the rings would comprise a portion between them.

This being premised, let us consider the evolutions of the points A and B. la
the initial position of the catena, when its summit is tangent to the right line

of the rings, these points are confounded at the point of tangence; but when
the summit of the curve begins to advance towards the axis of revolution, they
separate and progressively remove from one another. But their mutual dis-

tance will attain a maximum, after which that distance will continue to diminish.

In eflPect, conformably -vfith the condition attached to the catena, when its sum-
mit shall have arrived very near the axis of revolution, the radius of curvature

of that summit will have become very small ; whence it follows that the two
branches of the curve will closely approach one another, and that, conse-

quently, the two points A qjid B will also be in close proximity ; finally, Avhen

the summit is on the axis, these same points will be again reunited, as then the

radius of curvature of the summit will be null, and the two branches of the

curve will form but a single right line coincident with the axis of symmetry.
Thus the points A and B, which were first coincident and then divei*ged from
one another, afterwards approach, until at last they again coincide ; from which
it necessarily follows, as just stated, that their mutual distance attains a maxi-
mum ; and it is easy to see, from the nature of the curve, that this maximum

* For simplicity, we here consider the two rings as possessing no thickness.
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must be finite, and indeed cannot be considerable relatively to the diamet'^r of

tbe rings.*

It is evident that, in its transit to the axis of revolutiDn, the curve has passed

through all the conditions which, with the given rings, are consistent with

equilibrium ; the above maximum, then, constitutes a limit of separation for the

rings, beyond which there can be no catenoid between them.

But the preceding furnishes another consequence equally remarkable. Since,

during the transit of the summit of the catena, the points A and B first with-

draw from and afterwards again approach one another, they necessarily repass

by the same distances, so that, for each distance less than the limit, they per-

tain at once to two catenae. Now, it results from this that, to every degree of

separation less than the maximum, there always correspond two distinct cate-

noids resting on these rings, but penetrating unequally between them. We see

without difficulty that the summits of the two generating catenae, summits

which, for a separation null, are the one at the common periphery of the rings

in contact, and the other on the axis of revolution, approach one another more
and more in proportion as the separation increases, and finally coincide, equally

with the two entire curves, when that separation attains its maximum. Thus
the two catenoids will differ so much the less as the separation of the rings is

greater, and when the limit has been reached will form but one.

§ 17. All catena) are, we know, alike; and hence if we imagine a series of

complete catenoids generated by catena; of different dimensions, all these catenae,

from the condition which they must satisfy, (§ 14,) will be similarly placed in

relation to the axis of revolution, and consequently all the catenoids will be

similar figures. The complete catenoid, then, is not susceptible of variations

of form like the unduloid, out constitutes an unique figure, like the sphere and

the cylinder. Hence the two complete catenoids whi#h, theoretically, rest on

the same rings, when the separation of these is below the limit, do not difier

from one another except by their dimensions absolutely homologous.

§ 18. Of the two partial catenoids pertaining to these two complete catenoids,

and equally possible by the theory between the rings, our process necessarily

gives that which is least re-entering ; if we attempt, by removing further

quantities of oil from the mass, to realize the most deeply re-entering catenoid,

there is always, as we shall presently see, another figure of equilibrium pro-

duced. From the impossibility, therefore, of realizing this partial and most

deeply re-entering catenoid, we may justly conclude that it would constitute an

unstable figure of equilibrium.

As to that which is least re-entering, it evidently forms a portion of the com-

plete catenoid, so much the more extended as the separation of the rings is

nearer its maximum; for, in proportion as the rings are more widely separated,

the arc of the catena which they intercept between them is (§ 16) a more con-

siderable portion of the curve. In order to have a partial catenoid more ex-

tended in relation to the complete catenoid, it would be necessary that the

catena should penetrate more deeply between the rings ; but then, by however

small a quantity the summit of the curve should advance, the separation of the

rings would diminish, (ibid.,) there would be another catena possible, less re-

entering and resting on the ^ame rings, and the partial catenoid generated by

the first catena being the most re-entering, it would be unstable. The catenoid

of greatest height constitutes, then, the most extended portion of the complete

catenoid which can be realized between two equal rings.

We will notice here another consequence to which the above would seem to

lead, and which would yet be opposed to fact ; for every degree of separation

* We can determine its precise value by means of the ec^aation of generating catenae, but

this calculation is reserved for the series in which we shall unite all the applications of mathe-

matical analysis with the subject of our researches.

23 s
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less than the maximum, the catenoid which is least re-entering always proves

perfectly stable, and, as has been shown above, that which is most re-entering

must be regarded as always unstable. Now, the catenoid of greatest height

forms, as has also been seen, the transition between the catenoids of the first

category and those of the second, and consequently between stable and un-

stable catenoids ; we might, therefore, take it for granted that the catenoid of

greatest height is at the limit of stability of that kind of figure ; and yet, when
we realize it with a mass of oil, it manifests a decided instability. We shall

presently know to what this apparent contradiction is attributable.

§ 19. It is readily seen that the third limit of the variations of the unduloid,

a limit spoken of in § 9, is nothing else but the catenoid. In effect, by causing

the partial unduloid to vary in the manner indicated in that paragraph, it is

clear that, in proportion as the volume of the mass is increased, the perpen-

dicular and the. radius of curvature relative to the summit of the convex meri-

dian arc continue to increase and become infinite at the same time with the

volume: whence it follows that at that limit the quantity —+—13 null, and this^ M N
we know to be the character of the catenoid.

The quantity —+—, or, what is the same thing,—+ --, tending thus towards
^ M N R R'

°

zero in proportion as the unduloid approaches the catenoid, the general ex-

pression (§ 14) of the pressure exerted by an element of the superficial stratum

shows that this pressure tends, at the same time, towards that of a plane sur-

face. If, then, we imagine between two rings a constricted portion pertaining

to R\\ unduloid, and that this unduloid is tendijiig, by degrees, towards a cate-

noid, the bases of the figure, bases whose pressure must always be equal to

that of the constricted portion, will necessarily become less and less convex,

and be finally altogether plane. Now, this is what is evidently realized by the

experiment of § 14; when, after having formed between two rings a cylinder

whose height does not exceed § of the diameter, we gradually withdraw liquid

from it and the bases sink, by degrees, till they lose all curvature, the constric-

tion which is produced and which deepens in the same proportion pertains to

an unduloid which is tending towards its third limit, and thus the experiment

in question exhibits before our eyes the progressive transition of the unduloid

into the catenoid. If we collate the preceding with the contents of § 13, we
shall be authorized to deduce the conclusion that every constriction, resting ou
two rings and presenting convex bases, is a constriction of an unduloid, whether
the curvature of the bases be superior, equal or inferior, to that of the bases of

the cylinder which would be comprised between the same rings.

§ 20. We will recite, now, the ciicurastances which have been presented to

us by the experimental investigation of the partial catenoid of greatest height.

The diameter of the rings employed was 71 millimetres. In all the experi-

ments which follow, the process commenced with forming a cylinder, and then
oil was withdrawn from the mass, at first by the syringeful and afterwards by
small portions ; from time to time the operation was suspended in order to

observe the figure.

First experiment.—Distance of the rings 55 millimetres. The versed sine

of the spherical caps, which constitute the bases, is gradually reduced to a frac-

tion of a millimetre ; then, during an interruption of the exhaustion, a singular

phenomenon is produced ; the figure undergoes a slight spontaneous modifica-

tion ; the convexity of the bases rapidly augments until the versed sine re-

trieves a value of about 2.5 millimetres, and consequently the constriction

formed between the rings becomes somewhat thinner, and then the whole re-

mains stationary, By still cautiously absorbing oil, the versed sine increases
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to nearly 3 millimetres ; finally, in consequence of a new absorption, the figure

disunites in the usual manner at the middle of the constricted portion.

Second experiment.—Distance of the rings 49 millimetres. The bases pre-

sent, in the end, a total loss of curvature, and then, as above, there is a sponta-
neous transformation : the bases again become slightly convex, with a versed
sine of about 1 millimetre. A new absorption brings on disunion.

Third (experiment.—Distance of the rings 47 millimetres. The bases again
appear to become plane, and the figure continues in this state. Further absorp-
tions seem, at first, to have no other effect than to deepen the constricted portion,

while the bases still appear plane ; then a slight convexity is re-established,

but not now spontaneously ; it originates and increases in correspondence with
the exhaustion ; when the versed sine is about 1.5 millimetre, disunion takes
place.

Fourth experiment.—Distance of the rings 45 millimetres. The bases be-

come first plane, then slightly concave. The versed sine of this concavity
increases nearly to 2 millimetres, and again a spontaneous transformation is

observed ; the concavity is changed into a convexity, whose versed sine is

nearly a millimetre. The action of the syringe then occasions disunion.

Fifth experiment.—Distance of the rings 43 millimetres. The bases are ren-

dered plane, then concave, and the versed sine of the concavity gradually at-

tains 4 or 5 millimetres; the figure then disunites.

§ 21. Let us consider what these experiments teach; first remarking that it

is not easy to judge of the precise point at M'^hich the bases of the figures are

rendered plane, for an exceedingly slight curvature eludes the sight. Hence
arises some uncertainty in the determination of thd limit of height of the cate-

noid ; fortunately the particulars which we have noticed will furnish us a means
of appreciation more exact.

In the fourth experiment we necessarily realize plane bases, from the circum-

stance that the curvature, from being convex, becomes gradually concave by
the progressive absorption of the liquid ; but is this the case likewise in the

second and thii'd, in which we seemed also to have realized planes ? This
is a point which we will attempt to elucidate. The first, second, and third ex-

periments have this in common, that a small spontaneous modification or trans-

formation of the figure is produced therein, while in the third this phenomenon
does not occur ; and this modification is observed decreasing from the first to

the second, disappearing in the third, and reappearing in the fourth. From this

we should infer that the third experiment forms a sort of transition, on one and
the other side of which the spontaneous transformations are manifested ; but

the effect was shown in the first experiment when the bases had still a visible

curvature, and in the fourth when they had assumed one in an inverse direc-

tion; it is highly probable, then, that in the second, at the moment when the

spontaneous transformation was seen to occur, the bases still preserved a real

curvature, though too feeble to be distinguished ; and that it was only in the third,

where the distance of the rings was 47 millimetres, that bases entirely plane

were attained. If, in this third experiment, the bases conceived to be plane

seemed not to begin to lose this state until after the absorption of a very con-

siderable quantity of liquid, that evidently results from the difficulty mentioned

above of clearly distinguishing the point at which the curvature is annulled.

Thus, for our rings of 71 millimetres diametei', we may admit that the dis-

tance of 47 millimetres differs very little from that at which we begin to obtain

bases strictly plane; and since 47 is obviously § of 71, we may conclude that



356 FIGURES OF EQUILIBRIUM OF A LIQUID MASS

the maximnm h.-ight of the partial catenoid is, either exactly or very nearly, §
of the diameter of the bases. This catenoid is represented by Fig. 21.

Fig. 21 I'ig.22

Tig.2G

Let us now call attention to the slight spontaneous transformations, considered

in themselves. Till now, when we saw one of our liquid figures become trans-

formed, and thus pass from an unstable to a stable equilibrium, the alteration

was profound, the mass separated into two or several parts, and the final result

of the phenomenon always consisted of spheres or portions of spheres. Here,

there is nothing of the kind: the alteration is inconsiderable; the mass does not

disunite, and the final result is a figure which deviates little from the former,

at least in the portion realized, and which may be of the same nature. In the

first experiment, for example, an unstable partial unduloid is transformed into

another unduloid but little different, and doubtless the same is the case in the

second. Moreover, what is still more remarkable, the comparison of the first

two experiments seems to indicate that the unstable unduloid and the stable

unduloid into which it is converted approach one another indefinitely in pro-

portion as the distance of the rings is nearer the maximum height of the cate-

noid.

The experiments which we are discussing furnish the key of the difficulty

indicated at the end of § 18 in regard to the stability of the partial catenoid of

gi'eatest height. When, the rings being at the distance which corresponds to

this catenoid and a cylinder formed between them, the small syringe is put in

operation, the figure becomes, as we know, unduloid, which, varying with the

progress of the absorption, tends towards the catenoid ; but the third experi-

ment further shows that if, after having attained that limit, we continue the ope-

ration, the figure again insensibly becomes an unduloid which deviates, in pro-

portion to the exhaustion, from this same catenoid. If, then, the partial catenoid

of greatest height constitutes the transition between partial catenoids stable and
partial catenoids unstable, it constitutes, on the other hand, the transition be-

tween a continuous series of stable unduloids and another continuous series of

unduloids equally stable. Such is evidently the reason of the decided stability

of the partial catenoid of greatest height ; hence, when, by means which will

be explained in a subsequent series, we render impossible the formation of every

other figure but the catenoid, this loses its stability as soon as we give it the

maximum height.

We close here the study of the unduloid and catenoid and pass to that of a
third figure.

§ 22. Of this third figure we already know a portion : it is the constriction

with concave bases obtained in the last two experiments of § 20, a constriction

which, by the nature of those bases, is foreign to the unduloid and catenoid.

To realize it, it is requisite, as has been seen, that the distance of the rings

should be less than § of the diameter ; Fig. 22 represents, in its meridian sec-

tion, such a constriction, for a distance of the rings equal to about a third of the

diameter, and when the bases have already become strongly concave ; the dot-

ted lines are sections of the planes of the rings. Let us now endeavor, as in
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the case of the two preceding figures, to determine the complete form of the
meridian line.

We will mention first a remarkable transformation which the pai-tial figure

undergoes when the ratio between the distance and the diameter of the rings is

sufliciently below f to allow the abstraction of a large quantity of liquid with-
out occasioning disunion, and we cany this abstraction as far as possible. The
constricted portion and the bases alike becoming more concave, we know there
must arrive a moment after which their surfaces can no longer co-exist without
mutually cutting one another ; there is then produced a phenomenon of the same
nature as with the liquid polyhedrons, (2d series, §§ 31 to 35)—that is to say, the
figure passes gradually to a laminar state: two conical films are seen to form,
proceeding respectively from each of the rings, and at the centre of the system
a plane film, such as is shown in meridian section at Fig. 23. These films ac-

quiring more and more development in proportion to the continued absorptiou
of oil, the whole tends finally to be reduced to a sort of double laminar and
truncated cone; but one of the films always breaks before we can reach that

point. It hence results that if we wish to observe the constriction in all its

phases with the form proper to it as pertaining to the new figure of equilibrium,

it is necessary to oppose an obstacle to the generation of films. Now this is ac-

complished without difficulty by substituting disks for rings, and thus prevent-

ing the bases from becoming concave ; we may then remove oil until the figure

spontaneously disunites at the middle of its height.

§ 23. Before pursuing the meridian line beyond the limits of the partial figure,

we should oflPer two important remarks.

In the first place, the constricted portion, whether realized between rings or

disks, always shows itself perfectly symmetrical on both sides of the cercle de
gorge. This is eqifally required by the theory, for the mode of reasoning of

§ 6 is independent of the nature of the meridian line, and applies as well to the

constricted portion with which we are occupied as to that of the unduloid. If,

then, in a meridian plane, we imagine a right line perpendicular to the axis of

revolution and passing by the centre of the cercle de gorge, all that the com-
plete meridian line presents on one side of the above right line, it will also pre-

sent, in a manner exactly symmetrical, on the other side, so that this right line

will constitute an axis of symmetry.
In the second place, since, by employing rings, the bases of the partial figure

are concave, it follows that, through the whole extent of the complete figure

the pressure is less than that of a plane surface. Now, agreeably to the formula

of such pressure, (§ 14,) this requires that the quantity ~+
:f7,,

or, according to

the notation adopted in this series, Tf+"> should be finite and negative. In

our new figure, therefore, the mean curvature (2d series, §§ 5 and 6) is negative

—

that is to say, at each point of this figure concave curvatures predominate.

§ 24. The points a and b, (Fig. 22,) at which the partial meridian line stops,

cannot, in the complete meridian line, be points of inflexion. We see, in fact,

from the direction of the tangent at those points, that if the meridian line, at

its departure thence, pursued a curvature in the contrary direction, (Fig. 24,)

the radius of curvature would, in this part of the figure, be directed to the in-

terior of theliquid like the perpendicular, and that thus the quantity 77 +r. would

become positivje ; which cannot be, by reason of what has been said above.

Beyond the points a and b, then, the meridian line begins with a concave cur-

vature ; and the same direction of curvature is evidently maintained, for the

same reason, so long as the curve continues to retire at once from the axis of

revolution and the axis of symmetry. But the curve cannot continue to sepa-
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rate indefinitely from those two axes : in effect, if such were its course, it is

clear that the curvature must diminish so as to be annulled, in each of the two
branches, at the point situated at infinity, whence at that point the radius of

curvature would have an infinite value; and as it would evidently be the same

as regards the perpendicular, the quantity t,+:j^ would become null at that limiL

It necessarily follows that at a finite distance from its summit the curve has two
points in which its elements are parallel to the axis of symmetry, and this ex-

periment confirms, as we are about to see.

§ 25. If we use disks, which are placed at a distance equal to about the third

of their diameter, and carry the absorption of liquid sufficiently far, the angle

comprised between the last elements of the surface of the mass and the plane

of each of the disks diminishes until completley annulled, so that that surfiice is

then tangent to the planes of the disks, (Fig. 25,) and hence the last elements

of the meridian line are parallel to the axis of symmetry. It is very difficult

to judge of the precise point where this result is attained, but we ascertain that

it is really produced by continuing the exhaustion of the liquid : we soon see

the circumferences which terminate the surface of the mass abandon the mar-

gins of the disks, withdraw, by a diminution of diameter, to a certain distance

within them, and leave a small zone of each of the solid planes free ; now, as

these zones remain necessarily moistened with oil, though the stratum be ex-

cessively thin, it is clear that the surface of the mass must there meet the" planes

tangentially. If the separation of the disks is still less, we obtain a result of

the same nature ; only, before spontaneous disunion takes place in the middle

of the figure, we may still further contract the circumferences fOf contact, or, in

other words, enlarge the extent of the free zones. t

§ 26. The reason assigned in § 24 to establish the absence of an inversion

of curvature so long as the curve withdraws at once from the axis of revolu-

tion and the axis of symmetry, evidently still holds good at the points which
we have just been considering, that is to say, at those where the elements are

parallel to this last axis ; whence it follows that" the curve afterwards approaches

this latter axis, by preserving the same direction of curvature, as is shown at

Fig. 27, where the curve is drawn on a larger scale than the portion comprised

in Fig. 25, and where the axis of symmetry is represented by the right line XX'.
And so long as these prolongations of the curve contitiue'to withdraw from the

axis of revolution, the direction of the curvature must still I'emain the same.

For let us suppose that it changes, at J" and at g for instance, (Fig. 28.) then,

from the point y to a point such as m, situated a little beyond, the radius of

curvature and the perpendicular would have, it will be seen, opposite directions,

BO that the quantity ~+:r; would be a difference; now, froray to m the per-

pendicular would evidently go on increasing, since, on one hand, the distance

from the axis of revolution increases, and, on the other, that perpendicular Avould

have a still greater and greater obliquity ; it would, therefore, be necessary, in

order for the above difference to remain constant, that the radius of curvature

should also continue to increase from J" to m ; but this is precisely the contrary

of what would occur, foi", by reason of the inflexion, the radius of curvature

would be infinite at
J",

and consequently could only diminish after leaving that

point. It is needless to remark that what has been just said applies equally

to the point g.

Let us see now whether, before reaching the axis of symmetry, the curve

can present two points, such as h and k, (Fig. 29,) where its elements shall be

perpendicular to that axis. With that view we will examine what conditions

the curvature should satisfy from the summit s to the points h and k, and it

will suffice to consider the arc snk. Let n be the point where the element of
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the curve is parallel to the axis of symmetry. From s to 71 the radius of curva-
ture and the perpendicular have evidently contrary directions, and the quantity

—+— constitutes a difference; therefore, from one point to another of this arc,

the quantities M and N must vary in the same direction ; and as the perpen-
dicular continues to increase from the point s to the point n, the radius of curva-
ture must continue likewise to increase; whence it follows that from * to « the
curvature is continually decreasing. Still further on, that is from n to h, we
Bee that the radius of curvature and the perpendicular are directed towards the

same side, so that the two terms of the quantity —+— are of the same size, and^ -^ M N
hence from one point to another the quantities M and N must vary in opposite
directions. Now, when we remove from n on the arc n7i, the perpendicular
begins to diminish, since at the point n it is infinite; while the radius of curvature
begins to increase, or, in other terms, the curvature at the beginning diminishes,

and, whatever its ulterior course, will always be, at every point of the arc n?i,

weaker than at n, for at all those points the perpendicular is finite, and conse-

quently less than at n. But we know that the curvature continues to increase

from n to *; therefore, in the whole extent of the arc nk, the curvature is less

than at any point of the arc ns.

This being premised, let us draw the right line 7ir parallel to the axis of

symmetry, and then construct, beginning at the point n, an arc nt exactly sym-
metrical as regards the arc nr. In the whole length of the arc nk the curvature,

by reason of what has been said, will be less than at any of the points of the

arc nt; whence it follows that this last arc will be entirely interior to the former.

Now, the arc nt meets at t the right line kr by an element which necessarily

makes with the part tr of that line an acute angle; then, in order that the arc

nh, which proceeds from n in the same direction with the arc nt, should meet
perpendicularly at 7i the right line hr, it would be necessary that, after separating

from the arc nt, it should afterv,'ards again approach it, which is evidently im-

possible in consequence of the inferiority of the curvature at all its points. "We
perceive, indeed, that it ought to cut the right line /ir under a more acute angle than

does the arcnt. Thus, the curve, in declining at its departure from n towards the

axis of symmetry, cannot cease to withdraw from the axis ofrevolution ; and since,

moreover, it cannot change the direction of its curvature, it must necessarily

intersect the axis of symmetry. We further perceive that, in consequence of

the condition which governs its curvatures, it must cut that axis obliquely, so

that we arrive, in the end, at the conclusion that it forms a node, (Fig. 30.)

We shall verify the existence of this node by means of experiment. If we
have not commenced by doing so, it is because it was necessary first to demon-
strate that, starting from a constriction, for which the pressure is less than for a

plane surface, there is no other form possible for the meridian line.
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§ 27. The constrictions realized in the .-xperim'^nts of § 25 being gen-rated

by a portion of the node of the complete meridian line, it is obvious that th'3

fi<>-ure generated by the entire node, from the summit of the latter to its point,

would be concave in the interior of the oil ; but it is indifferent, we know, (§ 15,)

as regards equilibrium, whether the liquid be situated on on^ or the oth^-r sid

;

of the surface ; the figure generated by the node may, therefore, be equally w-il

supposed full or in relief, and it is in the latter state that our experimnnt will

realize it. Only when the liquid is transported to that side of the curve, the

quantities M and N at once change their sign, and conseqm-ntly the quantity

—+— from being; neorative, as it was previously, becomes positive.

M N ° °

We form, in a ring of iron wire, a bi-convex liquid lens, (2d series, § 18,)

whose thickness shall be about equal to the sixth of the diameter : for instance,

with a rino- 70 millimetres in diameter, the thickness of the lens should be about

12 mm. If we pierce perpendicularly this lens in its centre, by means which

will be indicated below, we obtain a regular annular figure, limited externally

by the solid ring, and continuing for two or three seconds; after which, the

central opening is seen to stretch towards a point of the solid ring, the mass

disunites at that point, and all the liquid flows towards the opposite part of the

ring, there to form a large and perceptibly spherical mass. Now, the momentary
annular figure, which is formed under these circumstances, is, though unstable, a

figure of equilibrium, since it subsists for some moments, and its duration is

long enough to enable us to observe that its meridian section has the form

rt'presented by Fig. 31, in which the dotted line is the section of the plane of

the ring. This meridian section shows evidently that the surface of the figure

produced is generated by a node having its summit turned towards the axis of

revolution and its point to the solid ring,

Let us dwell for an instant on the details of the experiment just described

and on certain modifications of it. To pierce the lens, we should employ a •

tmall cylinder of wood pointed at one end and joined at the other to an iron

wire, which is bent obliquely, so that, hoMing it with the hand, we can intro-

duce the small cylinder into the vase and pierce the lens perpendicularly. If

the diameter of the solid ring be 70 mm., as we supposed above, that of the

small cylinder should be about 16 mm.; and the cylinder and its point should

be covered with cotton cloth in order to prevent all adhesion of the oil.

If we give the lens a thickness sensibly exceeding the sixth part of the

diameter of the solid ring, the liquid returns upon itself as soon as the cylinder

is withdrawn, and the mass resumes its lenticular form ; but we may give a less

thickness than the above limit, when the central opening will assume larger

dimensions, and the node of the meridian line be consequently smaller. When
the thickness of the lens is sufficiently inferior to the limit in question, the man-
ner in which the spontaneous destruction of the unstable figure takes place is

not the same; the central opening does not then extend towards a point of th<3

solid ring, but the annular liquid mass contracts and disunites in several places

at once, so as to be converted into a series of small isolated masses, which
adhere to different parts of the metallic ring. The usistable liquid ring spoken
of in § 19 of the second series pertains to the sort of figure which we are now
studying, and it will be remembered that it proceeds from a lens whose thick-

ness has been rendered as small as possible.

§ 28. As the liquid ring miy thus assume, in the same solid ring, very dif-

ferent dimensions according to the thickness of the lens, or, in other words, ac-

cording to the volume of the liquid of which it is formed, it results that, for the

same distance from the point of the node of the meridian line to the axis of

revolution, the length of the node may vary between wide limits : in the ex-

periments above described, these variations are comprised between a very small
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fraction of tRe distance in question and nearly three-fourths of that distance.

The complete figure with which we are occupied is thus not always similar to

itself, as are the sphere, the cylinder, or the catenoid ; like the unduloid it is

susceptible of variations of form. A comparison of the liquid figures repre-

sented by Figs. 25 and 26 leads to the same conclusion.

§ 29. Before proceeding, we will notice a remarkable particular. If we sup-

pose the node in relief, the liquid which occupies it is in the concavity of the

curve; and since this line does not change the direction of its curvature in pass-

ing the point u, (Fig. 30,) the liquid will still occupy the concavity of each

of the prolongations uv and mo; it fills therefore the spaces comprised between

these prolongations and the node, so that this node is engaged, whether com-

pletely or partially, in the interior of the mass. If we suppose the node hollow,

(e?2. crexix,) it is, as may be easily seen, the prolongations uv and uw which are

then engaged in the liquid. Hence results this singular consequence, that,

though the general condition of equilibrium is satisfied, we cannot represent to

ourselves the complete figure, except in the state of a simple surface, not in that

of a liquid mass. In this last state it is only possible to imagine isolated por-

tions of the figure—such, for instance, as the portion generated by the node alone.

This peculiarity of a surface re-entering into the mass is one of those to which

allusion was made in § 1 of the second series, and which would render the

realization of certain figures of equilibrium in their whole extent impossible,

even if those figures did not extend to infinity.

§ 30. Let us attempt now to discover the course of the curve beyond the

points V and w, (Fig. 30.) We already know, from reasons stated in §26, and

illustrated by Fig. 28, that as long as the branches of the curve continue to

retire from the axis of revolution, the curvature cannot change its direction, and

consequently remains concave towards that axis. This being so, there are evi-

dently but three hypotheses possible : either the branches in question retire from

the axis of revolution in such manner that their distance from the latter tends

towards infinity, or they tend towards an asymptote parallel to this axis ; or

each of them presents, at a finite distance from the point u of the node, (Fig. 30,)

a point at which the element is parallel to tlie same axis. The first of these

we may at once dismiss ; it would require, as has been already shown, (§ 24,)

that at the points situated at infinity on the two branches, the radius of curva-

ture and the perpendicular should be both infinite, and thus the quantity

—+— would be equal to zero.
M N ^

Let us examine, then, the second hypothesis, that, namely, ofan asymptote paral-

lel to the axis of revolution. At the point n (Fig. 30) the perpendicular is in-

finite, and the radius of curvature finite, (§26 ;) at the point where the branch

nuv prolonged would reach the asymptote, on the contrary, the radius of curva-

ture would be infinite, and the perpendicular, which would measure the distance

from that point to the axis, would be finite. In passing, then, from the point n

to this extreme point, the perpendicular, at first superior in length to the radius

of curvature, would afterwards become inft^rior to it ; whence it follows^ that

there would be on the curve a point where the perpendicular and the radius of cur-

vature would be equal, and for which consequently the centre of curvature would

be on the axis of revolution. Let a be this point, o the corresponding centte of

curvature, and a/5 a small arc of a circle described from the point o as a centre.

One branch of the curve would quit the point a in the same direction and with

the same curvature as the arc a/S, and would then immediately separat(i from the

latter. Now let us suppose that at its departure from a, the curvature should

at first go on decreasing; the curve will, at commencing, be necessarily exterior

to the arc of a circle. Let ay be a small arc of this curve, in the whole extent

of which the curvature decreases, and'let the length of the arc a,5 be taken
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equal to tliat of the arc ay. Tho, point j will be more remote from the axis than

the point /?; and moreover, on account of the inferiority of the curvatures, the

tangent at y will form, with this axis, a greater angle than the tangent at /?; the

perpendicular, therefore, at the point y will, for this double reason, be longer

than the perpendicular at the point /?. Again, and still by reason of the in-

feriority of curvatures, the radius of curvature at the point y will also be longer

than the radius of curvature at the point /3 ; but, at this latter point, these two
quantities have the same value as at the point a. In passing then from a to y,

the radius of curvature and the perpendicular will both increase. Now this is

incompatible with the equation of equilibrium ; as the curve, throughout th>' part

•which we are considering, turns its concavity towards the axis, the radius of

curvature and the perpendicular have everywhere the same sign, and conse-

quently when one increases the other should diminish, and vice versa. If we
suppose that, at parting from a, the curvature goes on increasing, the arc of tho

curve will be interior to the arc of a circle, and the same mode of reasoning

would enable us to see that from one to the other extremity of the former the

radius of curvature and the perpendicular will both diminish. The hypothesis

of an asymptote parallel to the axis of revolution leading thus to an impossible

result, we see that it must be rejected like the first.

It is the third hypothesis, therefore, which is true ; that is to say, the curve

presents two points, f and p' , (Fig. 33,) where the tangent is parallel to the axis

of revolution.

§ 31. Experiment fully confirms this theoretical deduction, and furnishes, be-

sides, a suggestion for the discovery of the ulterior course of the curve.

The two disks being placed at any distance from one another—a distance,

for instance, equal to their diameter—we form a cylinder between them, and
then gradually lower the upper disk : the figure then passes, we know, to the

unduloid, and swells more and more till it constitutes portion of a sphere, (Fig.

34.) But if we continue to lower the upper disk, the meridian convexity still

augments, and consequently passes beyond the above point ; for a certain ap-

proximation of the disks, we thus obtain, for example, the result represented by
Fig. 35, and the liquid figure is always perfectly stable. Now, in this state, it

can no longer form part of an unduloid, since the spJiere has been exceeded,

which is one of the limits of the variations of that figure, (§ 8.) We may
again lower the disk until, at the points where the meridian line reaches the

borders of the disks, the tangents shall be nearly perpendicular to the axis of

revolution, as is seen in Fig. 36, and for a less mass of oil in Fig. 37. It is

even possible that perpendicularity may be attained ; but it would be vt-ry diffi-

cult to acquire the assurance of this, because, on the one hand, the eye cannot

judge with sufficient precision of tho direction of these extreme tangents, and,

on the other, the liquid figure, at this degree of approximation of the disks,

loses its stability ; if we depress a little too much the upper disk, the oil is

observed to be transferred in greater mass to one side of the axis of the system,

so that the figure ceases to be one of revolution ; then, on this same side, the

oil overflows the borders of the disks, and spreads in part on their exterior

faces.

Fi^.34, Fig.3i Fiff.SO Fta. 37

Now, in virtue of what has been stated in the preceding paragraph, so long

as the curve, at parting from n, (Fig. 33,) continues to withdraw from the axis

of revolution, the radius of curvature ©annot become equal to the perpendicular,

and since it is inferior to it at n, must remain infrior to it so long as the point
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^ is not attained ; in the whole extent, then, of the arc n u p, except at the point
n, and perhaps at the point p, to which the demonstration does not extend, the
centre of curvature is always situated between the curve and the axis, and con-
sequently the curvature is always stronger than that of a circumference of a
circle having its centre on the axis. But, as we have just seen, in the partial
liquid figures represented by Figs. 35, 36, and 37, the meridian curvatures are
stronger than when the figure is a portion of a sphere, or, in other words,
stronger than that of a circumference of a circle passing by the borders of the
disks and having its centre on the axis. From this it is clear that these partial
figures constitute portions of the complete figure generated by an arc of the
meridian line extending on both sides of the pointy, (Fig. 33 ;) only they re-

late evidently to different cases of that complete figure which wc know to be
susceptible of variations like the unduloid.

§ 32. We will take one more step in pursuit of our meridian line. In the
above experiments, when the densities of the two liquids are rendered quite
equal, the oil figure is always perfectly symmetrical in relation to its equatorial
circle. It is by the eye, indeed, that we thus judge, and it might be supposed,
perhaps, that this symmetry is but approximate; but we shall proceed to

show that it is exact. In the absence of all accidental cause of irregularity,

there would be evidently no reason why an excess of curvatures should exist

rather on one definite side of the equator than the other, since the two disks
are equal and parallel ; whence it results that thei'e is necessarily a form of
equilibrium in which the symmetry is perfect. But if, in the partial figures

realized—figures which are stable—symmetry were but approximated, it would
he necessary to admit that the exactly symmetrical form of equilibrium just
spoken of would be unstable. If, then, all the liquid figures which can be
obtained in the experiments described above, that is to say, in those which give

all the degrees of depression of the disk from the case of Fig. 34 to that of

Fig. 36, and all the masses greater and smaller with the same di^ks—if, I say,

all these figures were symmetrical only in appearance, there would correspond

to each of them another figure of equilibrium differing extremely little, and
which would be unstable. Now, the existence of two partial figures of equi-

librium extremely near, the on^• stable and the other unstable, may well occur
in a particular case of the variations of two complete figures, or, at least, of one
of them, and we have seen an example (§§ 20 and 21) in regard to the contrac-

tion of an unduloid, when that contraction closely approximates the partial

catenoid of greatest height ; but we can comprehend that it is impossible for the

same thing to be reproduced in the whole extent of the variations of the partial

figure realized. Hence we conclude that, in the liquid figures of the preceding

paragraphs, the symmetry is real, and that, in one complete meridian line, there

is thus, besides the axis of symmetry of the node, another axis of symmetry
equally perpendicular to the axis of revolution, and passing by the point p,
(Fig. 33.) Consequently, all that the curve presents on one side of this point,

it should present symmetrically on the other ; the node which exists above p
must have its corresponding node below, and since the two have respectively

their axis of symmetiy, it necessarily results that, in the first place, they are

perfectly identical, and, in the second place, that all that is found on one side

of one of them must be identically reproduced on the other side ; whence it

follows that above the upper node there is another like it, and above the last

still another, and so on indefinitely along the axis of revolution, while the same
thing occurs below the inferior node, all being connected by arcs equally id-'uti-

cal with one another. An extended portion of this curve is represented at Fig.

38, in which the axis of 'revolution A B is placed horizontally.

The figure generated by this curve is thus prolonged indefinitely in the

direction of the axis, like the cylinder and unduloid. We will give to this also

a name, and will call it the nodoid. It should be observed that this figure being,
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equally with tlie unduloid, susceptible of variations between certain limits, Fig.

38 should be regarded only as presenting one case of its meridian line. We

Fi^.'.3d

will" urther recall the observation made in § 29, and which will now be better

understood from the appearance of this curve, namely, that the complete figure

can only be represented in the state of a simple surface, since, if it were supposed

to be full, there would evidently be parts of it engaged in the mass.

§ 33. Before we proceed to the consideration of the nodoid in its variations,

a question should be resolved which is suggested by the experiments of § 31.

Since we know now the form of the meridian line, we see that those experiments

realize the portion of the nodoid generated by a part, more or less considerable,

of one of the arcs convex towards the exterior, such as wpv! , (Fig. 38.)

But it maybe asked if this does not require that, with disks of a given diameter,

the volume of oil should be comprised within certain limits, so that for larger or

smaller volumes the figure realized would no longer pertain to the nodoid. To
determine this, let us take one of the figures realized, follow the meridian arc

beyond the point where it meets the edge of one of the disks—the upper one, for

instance—and let us see whether it be possible to arrive at a curve other than

the meridian line of a nodoid.

We will suppose, first, that in that part of its course where it continues to

approach the axis of revolution, and to withdraw from the axis of symmetry,

the curve presents a point of inflexion, so that it shall afterwards turn its con-

vexity towards those two axes. If, while still approaching tlie first, it changed

a second time the direction of its curvature, the perpendicular corresponding to

this second point of inflexion Avould necessarily be shorter than the perpendicular

corresponding to the first, since it would have less obliquity, and would proceed

from a point nearer the axis. But this is incompatible with the equation of

equilibrium ; for this equation being reduced at all the points of inflexion to

^ =C, the two above perpendiculars must be equal. The existence of this

second point of inflexion being thus impossible, we see that beyond the first, the

curve, Avhich cannot (§ 2) attain the axis of revolution, must necessarily either

tend towards an asymptote parallel to that axis, or else present at a finite dis-

tance a point where the tangent shall be parallel to the same axis.

That the first of these two conditions must be rejected is at once obvious;

for at the extreme point where the curve would touch the asymptote the radius

of curvature would be infinite, Avhich would again reduce the equation of

equilibrium at that point to —=C, and the perpendicular would there also be

evidently shorter than at the point of inflexion. In the second case, the point

where the tangent would become parallel to the axis of revolution cannot, on
account of the evident inequality of the perpendiculars, be a second point of

inflexion. It would then constitute a minimum of distance to the axis, and con-

sequently a small arc extending on both sides of this minimum would generate

a constriction which might be realized between two equal rings or disks. Now
we have discussed all the possible partial figures of that nature. We have
seen that every constricted portion pertains either to an unduloid or a catenoid,

or to the part of a nodoid, which encompasses the summit of a nodus; but we
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know tliat the convex partial figure with which we started is not portion of an
unduloid, since its convexity exceeds the sphere ; it is perceptible that it is

not portion of a catenoid, and from what precedes Ave see that the above con-
traction cannot be portion of a node.

Thus our original hypothesis of a point of inflexion in the part of the curve
which is withdrawing from the axis of symmetry and approaching the axis of

revolution leads inevitably to impossibilities, and, consequently, the curve
maintains the same direction of curvature until it deviates from those conditions.

But to do so it is evidently necessary that it should first cease to withdraw
from the axis of symmetry, or, in other terms, that it should present a point

where the tangent is parallel to that axis. Neither is this point one of inflexion,

for the perpendicular and the radius of curvature would there be both infinite,

which would annul the quantity r|-+ r7- Beyond this point, then, the curve

redescends towards the axis of symmetry, still preserving the direction of its

curvature. Further, this same direction is maintained, as we shall show, so long
as the curve continues to descend. In effect the liquid of the partial figure

realized, and which has served us for a point of departure, being situated in the
concavity of the curve, we readily see that at all the points of our descending
branch the perpendicular is negative. But if this branch contained a point of

inflexion the quantity _^+~ would be reduced at that point to the terra —

,

and consequently, on account of the sign of the perpendicular, would be also

negative; while on the meridian arc of the realized partial figure the radius of

curvature and the perpendicular being both positive, the quantity —+— is itself

positive.

But the branch in question cannot descend indefinitely by still approaching
the axis of revolution, or, in other terms, cannot tend toward an asymptote par-

allel to that axis ; for, at the point situated at infinity on the asymptote, the

quantity tTf +1;;? would again be reduced to the term ^, and consequently would

be again negative ; it is necessary, therefore, that one branch should pass at a
minimum of distance from the axis of revolution, and should thus form the

generating arc of a constriction ; and as this constricted portion could pertain

neither to the unduloid nor the catenoid, it necessarily constitutes the summit
of a node of the nodoid. We must recur, therefore, to the meridian line of the

nodoid, and conclude that all the figures obtained in the experiments of § 31
are partial nodoids, whatever the degree of approximation of the disks, pro-

vided the spherical curvature be overpassed, and whatever the volume of oil in

relation to the diameter of the disks.

§ 34. We are now in a position to consider what is the nature and what the

limits of the variations of the nodoid. Since, in the experiments of § 31, we
pass by a portion of a sphere, after which, as has been just seen, the partial

nodoid is immediately realized, and since the latter then varies continually until

it reaches the phase at which instability commences, it is obvious that the por-

tion of a sphere constitutes one of the limits of these variations, and that hence

the limit of the corresponding variations of the complete nodoid is an inde-

finite series of equal spheres, having their centres on the axis. But it will

readily be perceived that the only possible mode of continuous variation

tending towards that limit is the following : in proportion as the complete nodoid

approaches the series of spheres, the dimensions of the nodes as well as the

distance of their summits from the axis diminish more and more, while the cur-

vature of the arcs which connect these nodes verges towards that of the cir-
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cumference of a circle having its centre on this same axis ; finally, at the limit,

the nodes entirely disappear, and the above arcs become so many demi-circum-

fereuces, tangents one to the other. The spheres, therefore, generated by these

semi-circumferences arc tangents also, and hence it results that one of the limits

of the variations of the nodoid is an indefinite series of equal spheres, which

touch each other upon the axis. "We already know (§ 8) that a similar series

of spheres constitutes one of the limits of the variations of the unduloid, so

that this limit is common to the two figures, and forms consequently the transi-

tion from one to the other ; this is likewise shown by the experiments of § 31,

since, in passing from the cylinder to the portion of a sphere, the figure realized

always pertains to the unduloid. The meridian line of a nodoid, but little re-

mote from the limit just ascertained, is represented bj Fig. 39.

Fiq.39

\ 35. The variations of the nodoid have a second and very remarkable limit.

Let us realize, by the process explained in § 27, the portion of a nodoid gene-

rated by an isolated node; let us suppose, moreover, that we successively repeat

the experiment with solid rings of constantly increasing size, and that we so

modify the volume of oil that the length of the meridian node, that is, the dis-

tance from its summit to its point, shall remain the same. When the diameter

of the solid ring is very considerable, the perpendiculars corresponding to the

different points of the node will be all very large, so that at all these points

the term ^ of the equation of equilibrium will be very small, and we perceive

that this term will tend towards zero in proportion as the diameter of the solid

ring tends towards infinity ; but it cannot be thus with the terra r|, for if this

last also tended towards zero, the liquid figure would have for a limit of its varia-

tions the catenoid, which is evidently impossible under the conditions implied

—

that is to say, when the node is of constant length ; we can always, then, im-

agine the solid ring so large that at all points of the meridian node the term

1 1
r^ shall be very small relatively to the term ^ . The latter, which expresses

the meridian curvature, should now, in virtue of the equation of equilibrium,

vary very little on the whole contour of the node, and consequently this will

closely approximate to the circumference of a circle. It is clear that, in this

case, the curvature of the arcs which connect the consecutive nodes of the

complete meridian line will also be very nearly constant, and of the same order

with that of the nodes, for the term s^ will be also very small on the arcs in

question. Prom this we perceive that the consecutive nodes of the meridian

line will encroach upon one another, and that hence for a certain lai'ge diameter

of the solid ring this line will have the form partially represented at Fig. 40.

In this figure the axis of revolution is not indicated, because it is situated at

too great a distance.

If we imagine the diameter of the ring still further enlarged, the meridian

curvature will still more nearly approach uniformity ; the nodes will be more
nearly circular and will more closely encroach on one another ; finally, at the
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limit of such increase, wlien the diameter becomes iufiuite, the term — will com-
N

pletely disappear for all points of the meridian line ; which, as regards this entire

line, will reduce the equation of equilibrium to —= C ; the radius of curvature

will be then strictly constant, and we shall arrive at».this singular result, that the

total meridian line will be condensed into a single circumfei'euce of a circle ; and
as the latter will be situated at an infinite distance from the axis of revolution,

we perceive that the figure generated will be simply a cylinder. Thus the

second limit of the variations of the nodoid is the cylinder ; but this cylinder is

placed transversely in relation to the axis of the nodoid from which it is derived,

and that axis is infinitely removed from it ; while the cylinder which forms the

second limit of the variations of the unduloid (§ 8) has for its axis that of the

latter figure.

§ 36. For the partial realization of a nodoid whose complete meridian line

shall be of the kind represented by Fig. 40, it is not necessary that the absolute

'.40

diameter of the solid ring should be very considerable ; it is sufficient that this

diameter be large relatively to the length of the meridian node. For, if we
reflect that, in this latter, the curvature continues to diminish (§ 26) from the

summit to the points where the tangents are parallel to the axis of symmetry,

and that, from thence to the other extremity of the node, it is less than at those

points, we shall perceive that if the length of this same node is small in relation

to the radius of the solid ring, its width will be still smaller, and that at its

summit the radius of curvature will be extremely small in comparison with the

distance from that summit to the centre of the ring, a distance which constitutes

the perpendicular. At the summit, then, the term — will be inconsiderable in

regard to the term — , and the value of the quantity 77+^7 will depend chiefly

on that of— ; but it is at the summit that the perpendicular is least : therefore,
M

upon the rest of the node and upon the arcs which unite this node with the

nodes neighboring on the complete meridian line, the term —i will have still less

influence, and consequently, in the whole extent of that line, the curvature will

vary but slightly.

The liquid ring momentarily obtained in a solid ring 70 millimetres in diame-

ter, by piercing a disk reduced almost to a film, (2d series, § 19,) constitutes a

partial nodoid of the kind which we are considering ; this liquid ring has, in

effect, but little size relatively to the radius of the solid ring. It is also evidently

a cuncave portion of a nodoid of this kind which we realize in the experiments

of § 25, when the disks are very near one another, and we stop the exhaustion

of oil at the point where the extreme elements of the meridian arc are sloped on

the faces of the disks at their borders. Such, too, is the figure realized in the

experiments of § 31, when the distance of the disks is very small and the extreme

elements of the meridian arc are inclined as nearly as possible on the prolonga-

tions of the solid faces. Here, however, the meridian arc does not appertain to
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one single node : it is formed, as will be seen by Fig. 40, of the arc wliich unites

two consecutive nodes and of two portions of the latter.

§ 37. The variations of the nodold, finally, have, like those of the unduloid,

a third limit, which is disclosed by the same experiments that have led us to a
knowledge of the nodoid itself. In the experiments of §§ 20 and 22, when, after

having formed a cylinder between two rings placed at a less distance than § of

their diameter, we progressively remove some of the liquid, the partial figure,

as we have seen, becomes first an unduloid, then by degrees attains the catenoid,

after which it immediately passes into the nodoid ; whence it evidently follows

that the catenoid is one of the limits of the variations of the nodoid, and, more-
over, that it constitutes a new transition from the latter to the unduloid. We
have already recognized (§ 34) another, consisting in an indefinite succession of

spheres.

The third limit, then, of the variations of the nodoid is the catenoid, and it is

easily made apparent how the figure becomes thus modified. If we consider

that the experiments just spoken of realize the portion of the nodoid generated

by an ai'c pertaining to a node, and presenting its concavity externally, we shall

thence conclude that the portion of the nodoid which passes into the catenoid

is that which is generated by one of the nodes, whose summit becomes that of

the meridian catena. This being premised, let us conceive that each of the nodes
of the complete meridian line becomes gradually modified to arrive at the catena,

and let us imagine, for the sake of distinctnfiss, that, during all these modifica-

tions, the distance of the summits from the axis of revolution remains constant.

In proportionas the nodes approach the catena the quantity Ti:+:rf tends towards

zero, but on all the arcs which unite the nodes with one another the quantities

M and N are of the same sign, and consequently the quantity v>+r; in relation to

these arcs cannot tend towards zero unless M and N tend at the same time

towards infinity; all the points, then, of these arcs will withdraw indefinitely

from the axis of revolution, while their curvature becomes at the same time
indefinitely weaker; whence it follows that the extremities of the nodes will

withdraw further and further from the axis, while, by the increasing develop-

ment of the intermediate arcs, which, from the nature of the curve, evidently

cannot diminish in curvature without acquiring greater extension, the nodes
will separate more and more from one another, until, at the limit, they are all

infinitely distant and infinitely elongated. If, then, we consider one in partic-

ular, the whole curve will be reduced to that one alone, and, on the other hand,
its extremity or point will have disappeared, and it will be found to be trans-

formed into the meridian line of a catenoid, that is to say into a catena.

§ 38. A last question now presents itself: Are there other figures of equili-

brium of revolution besides those of which we have thus far recognized the ex-

istence ? All these last are such that portions of them can always be comprised
between two equal and parallel disks. Now our experiments have exhausted
all the combinations of that kind ; whence we must conclude that if there were
still other figures, they would be of such a nature as not to be capable of fulfilling

that condition, and, for that, it would evidently be necessary that their meridian
lines should present no point whose distance from the axis of revolution would
be a maximum or a minimum. As these lines, moreover, could not reach the

axis, (§ 2,) they must continue always to leave it, from a first point situated at

infinity on an asymptote parallel to that axis, up to another point situated like-

wise at infinity. This being so, at the first of these two extreme points, the

radius of curvature would be necessarily infinite, while the perpendicular would

be finite, and the equation of equilibrium would be reduced to— zr::C; but from
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tlii3 it results that the curvature could nowhere change its direction: for if

there were a point of inflexion, the equation of equilibrium would be there also

reduced to ^j^^^C, and consequently the perpendiculars at the above first ex-

treme point, and at the point of inflexion, would be equal, which is evidently
impossible. Therefore, the curve being free from all undulation, the curvature
would necessarily tend towards zero, or, what amounts to the same, the radius
of curvature would tend towards infinity in approaching the second extreme

point, so that at that point the term — would disappear as at the former, which

would require, as before, the impossible equality of the two perpendiculars.

The sole figures, therefore, of equilibrium of revolution of a liquid mass with-
drawn from the action of gravity are those at which we have arrived in the
second and in the present series, namely : the sphere, the plane, the cylinder,

the unduloid, the catenoid, and the nodoid. All these figures, with the excep-
tion of the sphere, having infinite dimensions in certain directions, it results

that, among the figures of equilibrium of revolution, it is only the sphere which
can be realized in a complete state with a finite mass of liquid ; hence, as we
have seen, it is always the spherical form which is assumed by a mass of oil

abandoned to itself in our alcoholic mixture.

[TO BE CONTINUED IN THE NEXT REPORT.]
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ARTIFICIAL SHELL-DEPOSITS IN NE¥ JERSEY.

BY CHARLES RAD, OF NEW YORK.

It lias frequently been observed that there exists a certain resemblance be-

tween archaeology and geology, notwithstanding the different character of the

results obtained by these sciences, and the parallelism which they exhibit is

really of sufficient distinctness to justify a comparison. By examining the

petrified remains of animals and plants that are found in the layers composing
the crust of the earth the geologist determines the different phases in the history

of our planet ; while the student of archaeology, in endeavoring to throw light

on the former condition of mankind, has to rely in a great measure on the ruins

of buildings, on earthworks, implements of various kinds, organic remains, and
other traces left by those who passed away long ago from the scene of life.

But even in the results of the two sciences the analogy is not entirely wanting,
in so far as the geologist, though succeeding in establishing the relative age of

the strata, is unable to determine with any degree of certainty the time that

was required to form the stony shells surrounding our globe ; and in treating

of ante-historic periods, the archaeologist, likewise, is at a loss to fix the period

when a people existed, of whose conditions of life, manners, and domestic
habits he can give the most satisfactory account. I will mention in this place

only two recent discoveries in archaeology, namely, the lacustrine villages of Switz-

erland, Italy, and Germany, and the Kjoekkenmoeddings or refuse-heaps occur-

ring on the Danish islands. In both cases we obtain, by the minute researches

and ingenious conclusions of scientific investigators, a knowledge of certain

populations concerning whom history is entirely silent ; and while we have be-

come acquainted with their character and manner of living, we neither know
their names, nor are we able to determine the period when they inhabited those
places which abound with tokens of their former existence. The lake-dwell-

ings as well as the Kjoekkemnoeddings have been described in the Smithsonian
publications* and elsewhere, and it would be useless to enlarge here on these

subjects ; but as I intend in this sketch to treat of American remains similar

to the Kjoekkenmoeddings, I will merely devote a few words to the latter memo-
rials of antiquity. On the coasts of the Danish islands and along the fjords of

Jiitland there occur extensive heaps of shells, mostly of the oyster, which were
considered for a long time as formations of the sea, until of late their artificial

character was established by Danish savans, who proved them to be the accu-

mulated refuse of the repasts of a people that dwelt in former ages, beyond the
record of history, on the shores of these islands.

The indications of the artificial origin of these shell-heaps chiefly consist in

a total absence of stratification which always characterizes marine deposits, and
in the fact that the rubbish contains rude flint implements, fragments of coarse

pottery, fireplaces, charcoal, cinders, and the bones of various animals, some
of which are now extinct in those parts, as for instance the urus, (Bos urus
or primigeriius,) beaver, and auk or penguin, (Alca impennis, Lin.) But
neither bronze nor iron has been discovered in these places, from which it may
be infen-ed that the inhabitants were uiiacquainted with the use of metals, and

*Aim\ial Smithsonian Reports for 1860 and 1861.
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belonged to that remote period which is called "the age of stone" by the ai-chis

ologists of Europe.

From the islands of the Baltic sea I will now turn to the shores of New
Jersey.

While spending, during the summers of 1863 and 1864, some weeks at Key-
port, Monmouth county, New Jersey, a small town situated on Raritan bay, I
ecsamiued within the precincts and in the neighborhood of that place several

shell-deposits which are unmistakably artificial and the memorials of the In-

dians who formerly inhabited this region.* These deposits evidently owe their

origin to the same causes which produced the Danish Kjoekkat7noeddhigs, to

which they correspond in all essential points, constituting accumulations of cast-

away shells, which sometimes merely form a more or less dense covering of the

sandy surface, but also in a few instances beds or layers intermingled with sand
and pebbles, in which case they assume the shape of irregular hillocks or

mounds.
The; shell-deposits of Keyport indicate the places where the aborigines were

accustomed to feast upon the spoils of the neighboring beach, remarkable for

its abundance of oysters, clams, and. other eatable mollusks. They selected for

this purpose favorably situated localities at some distance from the shore, and
gufl&ciently elevated to be out of reach of high tide ; and in a few cases that

fell under my notice, the shell-beds are contiguous to creeks which run into the

beach and probably afforded the means of transporting the siipply of shell-fish

in canoes from the sea directly to the place of encampment. The principal

food of the aboriginal coast-population was evidertly furnished by the common
oyster (Ostrea horealis, De Kay) and the hard-shell clam (Venus mercenaria,

Liin.J for their valves, partly very old and frequently broken, constitute almost

entirely these accumulations of shells ; but the common periwinkle (Pyrula
canalktdata and P. carica, De Kay) is also often met, and was probably eaten

by the aborigines, as it is at present by some of their Caucasian successors.

I found only two or three specimens of the soft-shell clam (Mya are/iaria,

Lin.) among the shell-heaps, and none of the common black mussel (Mytilm
edulis, Lin.) The last-named species, however, does not occur in great num-
bers in the neighborhood of Keyport, and the soft-shell clam has, as its name
indicates, very thin and perishable valves, the fragments of which may lie buried

among the thicker and more durable shells of the other mollusks. It would

be rash, therefore, to suppose the soft-shell clam had been excluded from the

bill of fare of the Indians. Among these remains of mollusks the broken bones

of animals are occasionally met with, though generally in such an advanced

state of decay that their character can no longer be determined; for, owing to

the non-couservative quality of the sazid which suiTOunds them, they have be-

come entirely destitute of animal matter, and will almost crumble to pieces

when handled for examination. The direct evidences of the occupancy of these

places by the Indians are not wanting, and consist of ninnerous fragments of

pottery and stone implements of the usual kind, otherwise very scarce in this

part of New Jersey.

By far the most extensive shell-bed I had an opportunity to examine occurs

otn the farm of Mr. George Poole, situated a mile and a half northeast of Key-
port, and about three quarters of a mile south of a small projection of the coast

known as Conaskonck Point. The road leading from Keyport to the village

oi Union passes through the farm lands, which occupy an area of ninety acres.

This locahty was doubtless for many generations the abiding place, or at least

the periodical resort, of the Indians, and traces of their former presence in the

• My attention was first directed to those aboriginal remains by the Rer. Samuel Lock-
wood, a scientific gentlemsui of Keyport, who had recognizftd their true character before I

luade aay iuvestigations.
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ConaskonckPl

shape of cast-away sliells, arrow-points, and broken pottery, may be discovered

almost in every lield belonging to the farm. Their principal camping-ground,

however, was situated close to the road already mentioned, and is indicated by
the dark dotted space on the accompanying plan. Here we have a Kjoekkenmoed-

dlng in the real sense of the word. Seen from a distance, this place has almost

the appearance of a snow-covered

field, owing to the great number
of bleached shells constituting this

deposit, which spreads over an

area of six or seven acres and

forms several extensive heaps or

mounds of an average height of

about five feet. But these heaps

do not exclusively consist ofshells

:

the latter are mostly imbedded
in sand, probably carried thither

by the action of winds—by feolic

action, as science calls it—and in-

termingled with innumerable peb-

bles representing various mineral

substances, among which those of

the quartz family seem to pre-

dominate. As in other locahties

of the neighborhood, the shells on
this spot are the remains of oys-
ters, hard-shell clams, and peri-

winkles, tlie last-named kind of
shell-fish being represented, as
elsewhere, by a comparatively
small number of specimens.
That considerable time was re-

quired to heap up these shells is

evident, and, moreover, indicated
by the chalky, porous appear-
ance and fragility of many of the valves, while those that were cast away at later
periods exhibit these signs of decay in a far less degree, and are even sometimes
'A& sound as though tliey had but lately been left on the shore by high water.
A great number of the shells are broken, especially those of clams, which seem
to be more brittle than oyster shells. This breaking into fragments is caused by
the sudden changes of temperature, in consequence of which the valves crack and
idtimately fall to pieces. Concerning the depth of this deposit, I learned that
about twelve years ago several hundred loads of shells were taken away from
a certain spot for making a road. The excavation thus produced reached
about eight feet downward, and the mass was found to consist throughout that
depth of shells, sand, and pebbles. My own diggings, which were, however,
of a more superficial character, led to the same result. This shell-bed is about
half a mile distant from the shore at low tide, and the intervening area con-
sists chiefly of so-called salt-meadow. In transporting the shell-fish to the
camping place it is probable that the aborigines availed themselves of a small
nameless creek (marked a on the plan) running towards the sea, west of the
shell-bed, and not very distant from it. This creek, though rather nairow, is

sufficiently deep for canoe navigation during high water, and joins the more
considerable Conaskonck creek, which flows into the beach. There was, con-
sequently, a water connexion between the sea and the camp. The space en-
closed by a dotted line on the accompanying plan indicates the continuation,
or rather the running out, of the shell-bed just described ; for here the shells
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are by far less nixmerons, and form no longer heaps, but lie thinly scattered

over the ground, which is partly under cultivation, and swampy iu some
places, as marked in the drawing, by which it is only intended to show ap-
proximately the location and extent of the deposit.

By searching among these shell-heaps and in the adjacent fields I obtained
more than three hundred specimens of Indian manufacture, consisting of stone
axes, arrow and spear-points of different shapes, flint knives, and many pieces

of broken -crockery. The tomahawks, which consist of greenstone or sand-
stone, are of the usual shape, and encircled with a groove for attaching them
to d handle. The material of the arrow and spear-heads is cither flint, com-
mon quartz, greenstone, or a kind of dark slate. The specimens made of the
two last-named mineral substances have a rather clumsy appearance, owing to

the roughness of the material ; but those wrought of flint are mostly well
shaped and present pretty good samples of aboriginal art. That the manu-
facture of arrow-heads was carried on in this place is evident from the great

number of flint chips which lie scattered among the shells ; and, moreover, I
picked up several unfinished arrows, which were thrown aside as useless m
consequence of a flaw or wrong crack, or some other irregularity in the mate-
rial. These specimens are in so far interesting as they illustrate the process

of arrow-making. The fragments of pottery which I collected here consist

of a dark clay, either mixed with coarse sand, or pure, and for the most part

rather slightly burnt ; some of the sherds still bear the ornamental lines and
notches cut in the surface of the vessels. The mixing of the clay with
pounded shells does not seem to have been practiced by the Indians of this

region, I found also a fragment of an apparently large vessel cut out of a
talcose stone. A few clay beads were picked up on the spot, but I did not

obtain any of them.
The last Indians who visited periodically the neighborhood of Keyport, even

within the recollection of old people, belonged, according to the statement of

my informant, to the tribe of Narragansetts. They made their appearance

every year and caught shell-fish, which they dried for winter use. Their en-

campment, however, was not on the spot of which I have given a description,,

but in Pleasant Valley, a little less than four miles south of Keyport.

I am informed that similar shell-beds occur on Long Island, where the

neighboring farmers use the shells for burning lime. Two centuries and a

quarter ago the Dutch colonists of Manhattan island made the same use of the-

shells heaped up by the Indians of that locality. The account of New Netk-
erland given by the Jesuit missionary Isaac Jogues, contains the following-

passage relative to the subject

:

"There are some houses built of stoue; lirae they make of oyster shells, great heaps of

which are found here, made formerly by the savages, who subsist in part by that fishery."
*

Sir Charles Lyell saw on St. Simon's island, near the mouth of the Alta-

maha river, in Georgia, large Indian shell-mounds, of which he gives the fol-

lowing description :

""We landed on the northeast end of St. Simon's island, at Cannon's Point, where we Avere-

gratified by the sight of a curious monument of the Indians, the largest mound of shells left

by the aborigines in any one of the sea islands. Here are no less than ten acres of ground,

elevated in some places ten feet, and on an average over the whole area five feet, above the

general level, composed throughout that depth of myriads of cast oyster shells, with some
mussels, and here and there a modiola and helix. They who have seen the Monte Testaceo,

* Memoir of a Captivity among the Mohawk Indians, a Description of New Netherland

in l()4-2-'43, and other Papers, by Father Isaac Jogues, of the Society of Jesus, with a

Memoir of the Author, by John Gilmary Shea, (New York, 1857,) p. 57. In the original tho

passage runs thus: "II ya quelques logis bastys de pierre; lis font la chaux avec d<'S

coquilles d'huistres dont il y a de grans monceaux faits autrefois p les sauvages, qui vivout

en partie de cette pesche."
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near Rome, know what great results may proceed from insi^ificant causes where the cumu-
lative power of time has been at work, so that a bill may be formed out of the broken pot-

tery rejected by the population of a large city. To them it will appear unnecessary to infer,

as some antiquaries nave done, from the magnitude of these Indian mounds, that they must
have been thrown up by the sea. In refutation of such an hypothesis, we have the fact that

flint arrow-heads, Btoue axes, and fragments of Indian pottery have been detected through-

out the mass." *

The same author noticed shell-deposita on the coasts of Massachusetts.

During his voyage round the world Mr. Darwin saw shell-heaps in the

island of Terra del Fuego. He says :

"The inhabitants, living chiefly upon shell-fish, are obliged constantly to change thefcr

place of residence ; but they return at intervals to the same spots, as is evident from the

piles of old shells, which must often amount to many tons in weight. These heaps can he
distinguished at a long distance by the bright green color of certain plants which invariably

grow on them." t

We may expect to meet with artificial shell-accumulations, or at least traces

of them, almost in all parts of the American coasts where an aboriginal popiN

lation existed, and they have already been found in various places besides

those mentioned, as for instance in Newfoundland and in California, and we
shall doubtless hear of further discoveries aa sOon as proper attention is paid

to these memorials of the native inhabitants of the American continent.

The occurrence of the Danish refuse-heaps, whose age is lost hi the dawn
of history, and of similar comparatively recent deposits in America, shows
that the conditions of existence of those Baltic islanders and the American
coast inhabitants were essentially the same, and furnishes a striking illustra-

tion of the similarity in the development of man in both hemispheres. A
thorough investigation of the American shell-mounds will not only enable us

to compare them more minutely with the corresponding remains of Europe,

but may, possibly, disclose important facts relative to the former condition of

the American race, and thus enlarge our stock of ethnological knowledge.

* A Second Vi^it to the United States of America, by Sir Charles Lyell, (New York, 1849,)
vol. i, p. 252.

t Journal of Researches, &c., by Chftrles Darwin, (New York, 1846,) vol. i, p. 272.



THE INTERMIXTURE OF RACES,

BY GEORGE GIBBS.

The subject of the intermixture of races, and its result as affecting the

physical development of the ensuing progeny, is one of the most interesting

in anthropology, especially in its bearing upon the question of the unity of the

human family. Yet, so far as this continent is concerned, it has nowhere re-

ceived the thorough, systematic, and conscientious investigation which it deserves.

What observations have been made, are, so far as I have seen, confined to the

union of whites and negroes. Even as to Mexico, where the mixed races form
so large a part of the population, the inquiry seems to have been generally

neglected.

Durmg a residence in Oregon, commencing in 1849, before the great influx

of American emigrants, and when the proportion of half-breeds to the fur-traders

and other early settlers was easily perceivable, my attention was drawn to the

fact that, notwithstanding the long intercourse of these with native women,
their offspring formed but a small element in the community. Being anxious

to ascertain whether this was due to a taint common among the coast tribes and
other causes of merely local influence, or whether it was of general extension

through the northern and temperate parts of America, I subsequently addressed

a letter to the Right Reverend Bishop Tache, of the Red River Settlement, the

substance of which, and his reply, is given below. In the case of the whit^

and black races, the weight of testimony is certainly unfavorable to the health

and longevity of the offspring, and the impression has been general that this

was also the case with Indian half-breeds, at least in the northern temperate

climates. Any trustworthy observations on this question are, therefore, import-

ant, and the testimony of that gentleman is beyond cavil. It is hoped that

this communication may lead to investigation among the civilized tribes of the

west, the Cherokees, Choctaws, and Creeks.

I should premise that syphilis has long prevailed in the coast region of Ore-

gon, that is to say, in the country west of the Cascade range, it having been

noticed by Lewis and Clarke as early as 1806. The erotic temperament of these

tribes, common to all people whose food is chiefly fish, coupled with the absence

of moral restraint, has tended to disseminate it widely, and thus been one

cause of the dying out of the aborigines. Its effects, owing to climate, food,

and general mode of life, are less fatal, it is true, in the first instance than

among some other nations, but they show themselves in the prevalence of

scrofulous diseases, in the diminished number of children, and in their early

death.

This state of facts, however, applies less to the case of the half-breeds than

to the unmixed Indians, for the reason that the selections of the whites were

usually from the better class of females, and to a considerable extent from the

interior tribes, where disease is far less common. The fathers themselves were

of three races, Scotch, Canadian French, and Americans, all hardy and vigorous

men ; their families were, of course, better fed and cared for than those of the

savages ; the climate is proverbially healthy, and yet this mixed population has

not increased as might have been expected.
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Smithsonian Institution, Washington, D. C, June 17, 1862.

Reverend and Dear Sir : Being engaged in the preparation of a work on the Indians

of Northwestern America, among whom I have resided a number of years, I am desirous

of comparing my obsei"vations on some points of vital statistics with those of other parts

of the country. Among these the question of intermarriage of the two races is prominent,

and I take the liberty ot applying to you for information upon it.

As a general thing the metifs of Oregon have been short-lived, and it is at once noticeable

that in the length of time which has elapsed since the entrance of the fur-traders into that

country, (a half century,) and the great number of marriages that have taken place with
native women, only a very small indigenous mixed population has sprung up. Yet at the

same time the half-breeds who arrive there from the Red River country appear healthy, and
the men strong and able-bodied. The cause of mortality does not arise from vice only, for

it is noticeable in the families of the better class, as well as among the lower. As regards

the intermarriage of Oregon half-breeds among themselves, I do not know a single case
where they have left oflspring. You, on the other hand, have a large mixed population,

and they must, oi course, intermarry. They have the reputation of being a hardy, athletic,

and vigorous people, and I am cmious to know in what the difference, if any there is, con-

sists.

Will you, therefore, be kind enough to inform me, as nearly as possible, as follows

:

1. The actual number of the mixed race in the Red River colony.

2. The average duration of life by estimation, if not otherwise attainable absolutely, and
as compared with that of white settlers.

3. Whether instances of prolonged life are frequent.

4. Whether there seems a marked difference in longevity between men and women.
5. Whether marriages between metifs are common ; and if so, whether they are as

prolific as those between white persons, or between Indians ; and whether the offspring

of such intermarriages are as vigorous and long-lived as the results of the first cross of the

two races.

6. Whether this class of population is increasing, and likely to result in a permanent
mixed race or variety of the human species. This question is the more interesting, as I

suppose your pure white settlers to be a fair-haired race, which has in general not crossed

as well with the Indians as the darker nations, such as the Spanish and Portuguese, and
because mixed races seem always to have thriven better in warm than in temperate or cold

climates.

I am, reverend and dear sir, very respectfully,

GEORGE GIBBS.
Eight Rev. Bishop TACHfe.

Diocese of St. Boniface, rIed River Settlement,
Hudson's Bay Territory, July 21, 1862.

' Dear Sir « I have the honor to acknowledge the receipt of your interesting favor of the

17th ultimo, which duly came to hand by the last mail. You certainly have no need of

apology for having addressed me on the points mentioned in your letter. I only regret my
inability to satisfy you as fully as I might wish. The burning of my cathedral and palace,

with all the archives of the bishopric, renders it impossible for me to be very precise. The
little information in my possession on the subject I will cheerfully give, trusting that it may
be of help to you in your scientific labors.

I now proceed to answer your questions. The answer to your first query will be found in

th^ annexed copy of a statistical table from the official census of this settlement taken in

1856.

2d. We have as many instances of longevity among the half-breeds as among the white
population.

3d. Having lost my register, I cannot ascertain the average duration of life here, but I

consider it as about equal to that of the white settlers of this country, and far above that of
the unmixed Indians.

4th. I remark no difference in longevity between the sexes.

5th. We have daily instances of marriages between half-breeds. They generally have
numerous children, who are as long-lived and vigorous as the first crosses of the two races.

6th. This class of population is rapidly increasing, and is sui'e to result in a permanent
mixed race or variety of the human species, and it is not kept up chiefly by additions li-om

wthout.
7th. Faii'-haired white settlers have crossed as well with the Indians as those of dark

complexion. No mixed race can ever have thriven better in warm climates than in this

extremely cold one.
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You will easily comprehend by the above answers my utter surprise on seeing your state-
ment about the Oregon half-breeds.

I beg leave to remain, in conclusion, your obedient servant,

tALEX. TACHfi,
R. C. Bishop of St. Boniface, O. M. /.

*>»

Census of the Red River colony, taken May 20, 1856.

i



AN ACCOUNT

THE ABORIGINAL INHABITANTS
OF

THE OALIFORNIAN PENINSULA,
AS GIVEN BY

JACOB BAEGERT, A GERMAN JESUIT MISSIONARY, WHO LIVED THERE SEVEN-
TEEN YEARS DURING THE SECOND HALF OF THE LAST CENTURY.

TRANSLATED A«D AHRANGED BT CHARLES RAD.

{Continued from the Smithsonian Report for 1863.)

CHAPTER V. THEIR CHARACTER.

In describing the character of the Cahfomians, I can only say that they are

dull, awkward, rude, unclean, insolent, ungrateful, given to lying, thievish,

lazy, great talkers, and almost like children in their reasoning and actions.

They are a careless, improvident, imreflecting people, and possess no control

over themselves, but follow, in every respect, their natural instincts almost like

animals.

They are, nevertheless, like all other native Americans, human beings, real

childi-en of Adam, and have not grown out of the earth, or of stones, like moss
and other plants, as a certain impudent, lying freethinker gives to understand.

I, at least, never saw one growing in such a way, nor have I heard of any of

them who originated in that peculiar manner. Like other people, they are pos-

sessed of reason and understanding, and their stupidity is not inborn with
them, but the result of habit ; and I am of opinion that, if their young sons

were sent to European seminaries and colleges, and their girls to convents

where young females are instructed, they would prove equal in all respects to

Europeans in the acquirement of morals and of useful sciences and arts, as has
been the case with many young natives of other American provinces. I have
known some of them who learned several mechanical trades in a short time,

often merely by observation ; and, on the contrary, others who appeared to me
duller, after twelve or more years, than at the time when I first became ac-

quainted with them. God and nature have endowed these people with gifts

and talents like others ; but their rude life hinders the development of these

faculties, and thus they remain awkward, dull, and so slow in their understand-

ings that it requires considerable pains, time, and patience to teach them the

doctrines and precepts of the Christian faith, insomuch that a sentence of only

a few words must be repeated to them twelve times and oftener before they are

capable of reciting it.

It may not be out of place to corroborate here what Father Charlevoix says

of the Canadians, namely, that no one should think an Indian is convinced of

what he has heard because he appears to approve of it. He will assent to

anythmg, even though he has not understood its meaning or reflected upon his

answer, and he so does either on account of his indolence or indifference, or

from motives of selfishness, in order to please the missionary.
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The Califomians do not readily confess a crime unless detected in the act,

because they hardly comprehend the force of evidence, and are not at all

afchamed of lying. A certain missionary sent a native to one of his colleagnes

with some loaves of bread and a letter stating their number. The messenger

ate a part of the bread, and his theft was consequently discovered ; another

time, when he had to deliver four loaves, he ate two of them, but hid the

accompanying letter under a stone while he was thus engaged, believing that

his conduct would not be revealed this time, as the letter had not seen him in

the act of eating the loaves.

In the mission of St. Borgia the priest ordered his people one day to strew

the way with some green herbs, because he was about to bring the holy sacra-

ment to a sick person, and his order was promptly executed by them, but to

the gi-eat damage of the missionary's kitchen-garden, for they tore up all the

cabbages, salad, and whatever vegetables they found there, and threw them on

the road.

Yet, notwithstanding their incapacity and slow comprehension, they are,

nevertheless, cunning, and show, in many cases, a considerable degree of crafti-

ness. They will sell their poultry to the missionary at the beginning of a

sickness, and afterwards exhibit a disposition to eat nothing but chicken-meat,

till none of the fowls are left in the coop. A prisoner will feign a dangerous

malady and ask for the last sacrament in order to be relieved from his fetters,

and to find, subsequently, a chance to escape. They rob the missionary in a

hundred ways, and sometimes in the most artful manner. If, for instance, one

has pilfered the pantry and left it open in his haste, another one forthwith

requests to be admitted to confession, in order to give the thief time for closing

the door, and thus to remove all cause of suspicion on the part of the mie-

Bionary. They also invent stories and relate them to then- priest for the pur-

pose of frustrating a marriage engagement, that some other party may obtain

the bride. These and many hundred similar tricks have actually been played

by them, and show conclusively that they are weU capable of reasoning when

their self-interest or their needs demand it.

The Califomians are audacious and at the same time faint-hearted and tunid

in a high degi-ee. They climb to the top of the weak, trembling stems, sometimes

thirty-six feet high, which are called cardones by the Spaniards, to look out for

game, or mount an untamed horse, without bridle and saddle, and ride, during

the night, upon roads which I was afraid to travel in the daytime. When new

buildings are erected, they walk on the miserable, ill-constructed_scaffoldings

with the agility of cats, or venture several leagues into the open sea on a bundle

of brushwood, or the thin stem of a palm-tree, without thinking of any danger.

But the report of a gun makes them forget theii- bows and arrows, and half a

dozen soldiers are capable of checking several hundred Califomians.

Gratitude towards benefactors, respect for superiors, parents, and other rela-

tions, and politeness in intercourse with fellow-men, are almost unknown to

them.* They speak plainly, and pay compliments to no one. If one of them

has received a present, he immediately turns his back upon the donor and

walks off without saying a word, unless the Spanish phrase, Dios te lo pague,

or, " God reward you," has been previously, by a laborious process, enforced

upon his memory.
. t , p t ^

Where there is no honor, shame is ever wantmg, and therefore i always

wondered how the word "le," that is, "to be ashamed," had been introduced

* According to Baegert's own statement, (p. 309,) the forced departure of the Jesuit mis-

sionaries from the peninsula caused great distress among the Indians, who expressed theff

grief by a general howling and weeping, which shows that the feelings of grati udc and

attachment were not entirely wanting in their character, although selfishness may havo had

a large share in the demonstration. The parting scene is well described m a lew Lues by

W. Irving'.

—

Adv. of Captain Bonneville, p. 332.
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into tlieir language ; for, among themselves, no one would blusli on account of

any misdeed he had perpetrated. If one had killed his father and mother,

robbed churches, or committed other infamous crimes, and had been a hundred

times whipped and pilloried, he would, nevertheless, strut about with a serene

brow and an erect head, and without being in the least degraded in the eyes of

his people.

Laziness, lying, and stealing are their hereditary vices and principal moral

defects. They are not a people upon whose word any reliance can be placed,

but they will answer in one breath six times "yes" and as many times "no,"

•withoat feeling ashamed, or even perceiving that they contradict themselves.

They are averse to any labor not absolutely necessary to supply them with the

means of satisfying hunger. If any work occurred in the mission, it was

necessary to drive and urge them constantly to their task, and a great number

complained of sickness during the week-days, for which reason I always called

the Sunday a day of miracles, because all those who had been sick the whole

week felt wonderfully well on that day. If they were only a little more indus-

trious, they might improve their condition, to a certain extent, by planting

some maize, pumpkins, and cotton, or by keeping small flocks of goats, sheep,

or even a few cattle ; and, having now learned to prepare the skins of deer,

they could easily,supply themselves with garments. But nothing of this kind

is to be expected of them. They do not care to cat pigeons, unless they fly

roasted' into their mouths.* To work to-day and to earn the fruit of their

labor only three or six mouths afterwards seems to be incompatible with their

character, and for this reason there is little hope that they will ever adopt a

different mode of life.

Books could be filled with accounts of their thefts. They will not touch

gold or silver ; but anything that can be chewed, be it raw or cooked, above

the gr.nind or below, ripe or unripe, is not more safe from them than the mouse

from the cat, if the eye of the owner be only diverted for a moment. The
herdsman will not even spare the dog that has been given to him to watch the

flock of sheep or goats intrusted to his care. While one day observing, un-

seen, my cook, who was engaged in boiling meat, I noticed that he took one

piece after another out of the kettle, bit off a part, and threw it again into the

vessel. The meal on the missionary's table, when he is suddenly called away,

is not safe from their thievery, and even the holy wafers in the sacristy are in

danger of being taken by them. Yet they sometimes lay their hands on things

of which they can make lao use whatever, in a way really surprising, which

shows to what degree stealing has become a habit with them.

For eight years I kept, ranging at large, from i'onr to five hundred head of

cattle, and sometimes as many goats and sheep, until the constant robberies of

the Indians of my own and the neighboring mission compelled me to give up
cattle-breeding, t In the bodies of nineteen cows and oxen, that had been

killed in one day in the mission, there were found, after the removal of the skin,

more than eight flint-points of arrows, the shafts of which had been broken off

by the wounded animals while passing through the rocks and bushes. I

believe that more of these animals were killed and eaten by the natives than

wei-e brought to the mission for consumption, and horses and asses suffered in

like manner.

* German proverb.

t The cattle, as well as the goats and sheep, are described as small and lean, owing tt) the

scanty pasturage. The horses, though small, were of a good breed and enduring, but thcj;

did not sufficiently multiply, and fresh animals had to be imported every year to mount the

soldiers and cowherds. "The ass alone," says the author, "which is nowhere choice, but

always contented, fares tolerably well in California. He works but little, and feeds on the

prickly shnibs with as much relish as if they were the most savory oats." The number of

hogs on the whole peninsula hai^dly amounted to a dozen.
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In order to be exempt from labor, or to escape the punishment for gross

misdeeds, the Californians sometimes counterfeit dangerously sick or dying

persons. Many of those who were carried to the mission in such a feigned state

by their comrades received a sound flogging, which suddenly restored them to

health. Without mentioning all the cases that fell under my notice, I will

speak of two individuals who represented dying persons so well that I did not

hesitate to give them extreme unction. Another really frightened me by pre-

tending to be infected Avith the smallpox, which actually raged in the neighboring

mission, causing its priest for three months, day and night, a vast deal of trouble

and care, and keeping him almost constantly on horseback. A fourth, whose

name was Clement, seemed also resolved to give up the ghost. With him,

however, the difficulty was that he had never seen a dying person, not even his

wife, whom I had buried, and often visited diiring her sickness, without ever

finding the husband at home. But having witnessed the death of many cows

and oxen, which his arrows had brought down, he imitated the dying beast so

naturally, by lolling out his tongue and licking his lips, that he went afterwards

always by the name of Clementc vacca or Cow Clement.

Nothing e&cites the admiration of the Californians. They look upon the

most splendid ecclesiastic garments, embroidered with gold and silver, with as

much indiflPerence as though the material consisted of wool and the galoons of

common flax. They would rather see a piece of meat than the rarest manu-

factures of Milan and Lyons, and resemble, in that respect, a certain Canadian

who had been in France, and remarked, after his return to Canada, that nothing

in Paris had pleased him better than the butcher-shops.*

They are not in the least degree susceptible of disgust, but will touch and

handle the uncleanest objects as though they were roses, killing spiders with

their fists, and taking hold of toads without aversion. They use as a covering

the filthiest rag, and wear it until it rots on their bodies. In person they are

exceedingly dirty, and waste hardly any time in decorating and embellishing

themselves. I must mention here, also, that they are in the habit of washing

themselves with urine, which renders their persons very disagreeable, as I have

often experienced when I had to confess them. I was informed by reliable

people that they eat a certain kind of large spiders, and likewise the vermin

which they take from each other's heads; but I never saw them doing it:

whereas I saw them frequently fetch their maize porridge at noon in a half-

cleaned turtle-shell which they had used the whole morning to carry the dung

from the folds of the sheep and goats.

Concerning their improvement by the introduction of the Christian religion,

I am unable to bestow much praise upon those among whom I lived seventeen

years, during which period I had sufficient opportunity to become thoroughly

acquainted with their character; but I must confess, to my greatest affliction,

that the seed of the Divine Word has borne but little fruit among them
;

for

this seed fell into hearts already obdurated in vice from their very infancy by

seduction and bad example, which all pains and exertions on the part of the

missionary were unavailing to remove. The occasions for evil-doing, among

young and old, are of daily occurrence, and numberless. The parents them-

selves give the worst example, and the Spanish soldiers, cowherds, and a few

others who come to the country for the purpose of pearl-fishing and mining,

contribute not a little to increase vice among the native population. The mo-

* Mr. Catliu relates a similar circumstance of a party of Iowa Indians that were exhibited

in London. After their first drive Ihroug-h the city, "they returned to their lodgings m
great glee, and amused us at least for an hour with their first impressions ot London, he

leading, striking feature of which, and the one that seemed to afford them the greatest sati>,-

faction, was the miantity of fresh meat that they saw in every street hanging up at the doors

and windows."--Cat/iM's Notes of Eight Years' Travels and Residence m Europe. New

York, 1848 : vol. ii, p. 9.
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tives, on the other hand, which act elsewhere as checks upon the conduct of

the people, and keep them within the bounds of decency, are not at all under-

stood or appreciated by the Californians, for which reason the teachings of

religion can make but little impression upon their unprepared minds ; and being

thus unrestrained by any considerations, they easily yield to the impulses of

their character, in which a strong passion for illegal sexual intercourse forms a
prominent feature. In all bad habits and vices the Califomian women fully

equal the men, but surpass them in impudence and want of devotion, contrary

to the habit of the female sex in all the rest of the world. There were certainly

some among the Californians who led edifying lives and behaved in a praise-

worthy manner after having embraced the Christian faith; but their number
was very small ; the reverse, on the contrary, being the general rule to such a

degree that the wicked and vicious formed the great majority' of the natives.

CHAPTER VI.—THEIR CHARACTER, CONTINUED. AN ACCOUNT OF THE ASSASSI-

NATION OF THE JESUIT FATHERS TAiMARAL AND CARRANCO.*

To all Other bad qualities of the Californians may be added their vindictive-

ness and cruelty. They care very little for the life of man, and ^n insignificant

cause will stimulate them to commit a murder. Among other cases which

happened while I lived in their country, I will mention that of the master of a

small ship loaded with provisions for two poor missions. This man had scolded

a number of natives for some cause or other, which they resented by breaking

his skull with a heavy stone, while he was eating his supper on the shore. His

ship they abandoned to wind and waves. In the year 1760, a boy of about

sixteen years stabbed another of the same age with a knife in the abdomen, and
struck him on the head with a heavy club, almost within sight of the whole

tribe, and only a stone's throw from the church and the house of the missionary.

The murderer had already selected a horse on which to escape, and intended to

save himself within a church thirty leagues distant from the place where the

crime was committed ; but he failed to effect his flight, t

Up to the year 1750 the Californians had revolted at different times and
places, and compelled several missionaries to abandon their stations, and to seek

safety in other quarters. The natives were stirred up to these insurrections

either by then* conjurers or sorcerers, whose influence had been considerably

reduced, or because it was requested of them to keep those promises which they

had made when receiving the holy baptism.

The most extensive and dangerous revolt of all began in the year 1733, in the

southern part of the peninsula, among two tribes called the Pericues and Coras,

who are to this day of a veiy fierce, unruly, and untractable character, and who
gave much trouble to Father Ignatius Tirs, from Kommotau, in Bohemia, the

last Jesuit missionary who resided in their district.^

In the year 1733 there existed in that part of the country, which was inhab-

ited by several thousand natives, four missions, with three priests, who had in

all only six soldiers for their protection. The missions were the following:

La Paz, without a resident priest, and guarded by one soldier ; St. Rosa, under

Father Sigismuud Taraval, a Spaniard, born in Italy, protected by three sol-

diers ; St. Yago, over which Father Lorenzo Oarranco, a Mexican, of Spanish

* This episode in tlie missionary history of Cahfornia forms a separate chapter in the third

part of our author's work ; but as it throws much light on the temperament of the natives, I

have inserted it iu this place.

t This church was probably considered as an asylum or place of safety.

X He was one of those who shared with the author, in 1767, the fate of banishment. At
that time there were in all sixteen Jesuits in Lower California—fifteen priests and one lay

brother. Six of them were Spaniards, two Mexicans, and eight Germans. The names of

the latter are given on page 312 by the author, who omits, however, his own name in order

to preserve his anonymous character.
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parentage, resided, with two soldiers ; and St. Joseph del Cabo, nnder Father
Nicolas Tamaral, from Sevilla, in Spain, without any guard.
The motives leading to this insurrection, which were afterwards freely diviilged

by the natives, consisted in their unwillingness to content themselves with one
wife, although they had promised to renounce polygamy, and their displeasure

at being reprimanded for certain transgressions deserving the censure of their

spiritual advisers. The ringleaders and principal movers of the rebellion were
two individuals, Boton and Chicori by name, who exerted a great influence

among the natives, and prepared everything in secret for the outbreak. Their
object was to kill the three priests, to exterminate all traces of Christianity,

which most of them had adopted ten years before, and to resume their former
loose and independent manner of living. Their design became, however, known,
and the fire was' extinguished before it could blaze up in full flames. The In-
dians feigned a friendly disposition, and a kind of peace was established towards
the beginning of the year 1734. But as this peace was not concluded with
sincerity, it could not be of a long duration. The treacherous rebels soon again
made attempts to carry out at all hazards the objects they had in view, and
really succeeded in the following October, though not so completely as they
wished, since Father Taraval found the means to escape their murderous hands.

The six soldiers were their principal obstacle. Meeting in the field with one
of them of the mission of St. Rosa, they assassinated him, and sent word to the

mission that he was very ill, requesting the priest either to come to the place in

order to confess him, or to order the two remaining soldiers to transport the

patient to the station, their intention being to decoy the one or the others, and
to take their lives. But fortunately the messenger delivered his commission in

such an awkward manner that the crime they had already perpetrated, as well

as their further designs, could be easily divined, for which reason neither the

priest nor the soldiers complied with their request. A few days afterward they

killed also the only soldier belonging to the mission de la Paz.

The mmor of these two murders, and other indubitable signs of an impending

mutiny and general uprising in the south, were spread abroad, and soon reached

the ears of the Superior of the missions, who was then at that of the Seven
Dolors, nearly ninety leagues from the place where these events had occurred.

He sent orders immediately to the three priests whose lives were endangered to

save themselves by flight, but the letters fell into the hands of the mutineers,

and would, besides, at any rate have ai-rived too late to avert the peril.

It was the intention of the conspirators to strike the first blow against the

mission of St. Joseph and Father Tamaral; but learning that Father Carranco

had already received intelligence of their plans, they rushed with all speed

upon his mission before he could make any preparations for defence, or efiect

his escape from the place. It was on a Saturday, and the 2d of October, when
they aiTived at the mission of St. Yago. The father had just said mass, and

had locked himself in his room to perform his private devotions. Most unfor-

tunately the two soldiers, who formed his whole body-guard, had left the place

on horseback in order to bring in some head of cattle for the catechumens and

other people of the mission. After a while the returned messengers, whom
Father Carranco had despatched to the mission of St. Joseph to warn Father

Tamaral of the danger to which he was exposed, entered the room. Father

Carranco was reading his ans wer, when the murderers entered the house and

fell upon him. Some threw him on the ground and dragged him by his feet to

the front of the church, while others pierced his body with many an-ows, and

beat him with stones and clubs till he expired.

A little native boy, who used to wait upon the father when he took his meals,

was a witness to the act, and shed tears when he beheld his benefactor's

mournful fate ; upon which one of the barbarians seized the boy by the legs

and smashed his head against the wall, saying, that since he showed so much
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regret at tlie death of his master, he should also serve him and bear him com-

pany in the other world. Among the murderers were some whom the father

had considered as the most reliable of his flock, and whose fidelity he never had
doubted.

Having torn the garments from the lifeless body, they treated it in a most
abominable manner in order to wreak their vengeance, and they finally threw

it on a burning pile. After this they set the church and the house on fire, and
burned to ashes the utensils of the church, the altar, the representations of our

Saviour and of the Saints, and everything else that they could not apply to

their own use. In the mean time the two unarmed soldiers, who had been sent

after cattle, returned. They were compelled to dismount and to kill the cows
for the malefactors, after which the savages despatched them with a shower of

arrows.

On the following day, the same fate befell Father Tamaral, the priest of the

mission of St. Joseph, twelve leagues distant from that of St. Yago, for as soon as

the villains had committed their crime at the one place, they directed their

march to the other. Father Tamaral, not believing the report of his colleague,

was quietly sitting in his house, when the savage crowd, considerably increased

by members of his own parish, made their appearance in the mission. In their

usual manner, they demanded something from the missionary, for the pui'pose

of finding a pretext for quarrelling and commencing their hostilities, in case the

priest should disappoint them in their wishes. But their behavior, and the

arms which they all carried with them, soon convinced the missionary that they
had other designs, and he consequently not only complied with their requests,

but gave them even more than they demanded. Being thus baftled in their

attempt, and full of eagerness to carry out their bloody plan, they put aside all

dissimulation and attacked the missionary without further delay. They threw
him on the ground, dragged him into the open air, and discharged their arrows
upon him. One of their number, whom the father had a short time before pre-

sented with a lai-ge knife, added ingratitude to cruelty by bmying the weapon
in his body.

Thus the Fathers Tamaral and Carranco were led to the shambles by their

own flock, and closed their days in California, after they had spent many years
in that country, and, by a blameless life and great zeal, proved themselves
worthy to die the death of martyrs. The abuses to which the savages sub-

jected the body of the deceased priest were greater, in this instance, and they
exhibited more wantonness in the destruction of the church and other property
than on the preceding day, because the crowd was larger and had become more
infuriated by previous success.

Father Taraval, of St. Rosa, the third priest of whom they intended to make
a victim, succeeded in making good his flight. He sojourned for the moment
on the western coast of California, at the station of All Saints, which formed an
adjunct to his own mission, and was a two days' journey distant from St. Joseph.
Being warned in due time by some faithful Indians of the danger that threat-

ened him, he packed up in great haste his most needful things and rode at full

speed, in company with his two soldiers, during the night of the fourth of Octo-
ber towards the opposite shore of the peninsula, where he embarked near the
mission of La Paz in a small vessel, which had been despatched to that place
when the first news of the impending rebellion became known. He landed in

safety at the mission of the Seven Dolors, then situated near the sea ; leaving
behind him the smoking ruins of four mi.-;sions that had been totally destroyed
in less than four days, but which could only be rebuilt and raised to their former
importance with great sacrifices of time, labor, and human life.

The rebels, however, fared badly, and had no cause to glory in their triumph.
The southern tribes, whose number was four thousand souls at the outbreak of
the revolt, are now reduced to fom- hundred, for not only was war waged against
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tbem by the Californian and foreign militia, but tbey bad also qnarreli? amon*'
tbemselves.* Yet tbese causes were less effective in tbeir destruction tban the
loatbsome diseases and ulcers by wbicb tbey were visited, and among tbe four
hundred that now remain, only a few are free from tbe general malady and
enjoy tbe blessing of sound health.

On tbe other band, be that grace of Heaven a thousand times praised, which,
in our day also, inspires among tbe members of tbe Catholic priesthood, and
especially in the Society of Jesus, men of superior courage who,, without the
slightest self-interest and for the sole purpose of propagating the Christian faith,
not only brave all dangers to wbicb tbey are exposed in wild countries and
amidst barbarous tribes, but who also v/illingly give up tbeir lives Avhcn occa-
sion demands such sacrifices ! For besides these two Californian missionaries,
many others belonging to tbe same society have suffered death in tbe course
of this century, while engaged in tbe conversion of heathen nations. Among
the great number of these victims, I will only mention Father Thomas Tello,
a Spaniard, and Father Henry Ruben, a German from Westphalia, both Jesuits,
who were killed as late as 1751, by tbe mutinous Pimas, on the other side of
tbe Californian gulf. With Father Ruben, I had crossed the Atlantic ocean a
year before, and we made also in company the journey overland as far as tbe
Pimeria, where he closed bis days six months after bis arriyal.

CHAPTER VII.—THEIR TREATMENT OF THE SICK.—FUNERAL CUSTOMS.

With all tbeir poor Hiet and hardships, tbe Californians are seldom sick.

They are in general strong, hardy, and much healthier than tbe manytbousands
who live daily in abundance and on the choicest fare that the skill of Parisian
cooks can prepare. It is very probable that most Californians would attain a
considerable age, after having safely passed through tbe dangers of tbeir child-

hood; but they are immoderate in eating, running, bathing, and other matters,
and thus doubtless shorten their existence. Excepting consumption and that

disease which was brought from America to Spain and Naples, and from thence
spread over various countries, they are but little subject to the disorders com-
mon in Europe; podagra, apoplexy, dropsy, cold and petechial fevers being
almost unknown among them. There is no word in tbeir language to express
sickness in general or any particular disease. "To be sick," they signify by
tbe phrase atemha-tic, which means " to lie down on tbe ground," though all

those in good health may be seen in that position the whole day, if tbey are

not searching for food or otherwise engaged. When I asked a Californian what
ailed him, he usually said, "I have a pain in my chest," without giving further

particulars.

For the small-pox tbe Californians are, like other Americans, indebted to

Europeans, and this disease assumes a most pestilential character among them.

A piece of cloth wbicb a Spaniard, just recovered from the small-pox, had given

to a Californian communicated, in the year 1763, tbe disease to a small mission,

and in three months more tban a hundred individuals died, not to speak of many
others who had been infected, but were saved by the unwearied pains and care

of the missionary. Not one of them would have escaped the malady, had not

tbe majority run away from the neighborhood of tbe hospital as soon as they

discovered the contagious nature of tbe disease.

In tbe mouth of April of tbe same year, 1763, a young and strong woman
of my mission was seized with a very peculiar disorder, consisting in eructa-

* This is the only instance in which the author alludes to wars among tlie natives in the

body of his book, though the first appendix contains, ou page 328, the following remark in

refutation of a passage in the French translation of Venegas's work: "All that is said in

reference to the warfare of the Californians is wrong. In their former wars tliey merely

attacked the enemy unexpectedly during the night, or from an ambush, and killed as many
as they could, without order, previous declaration of war, or any ceremonies whatever."

25 S
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tions of sucli violent cbaracter that the noise almost resembled thunder, and
could be heard at a distance of forty and more paces. The eructations lasted

about half a minute, and followed each other after an interval of a few minutes.

The appetite of the patient was good, and she complained of nothing; else. In this

condition she remained for a week, when she suddenly dropped down in such a
manner that I thought she would never rise again ; but I was mistaken, for the

. eructations and the peculiar fits continued for three years, until she became at

last emaciated and (Med in the month of July, 1766. A few days after the

outbreak of her malady, her husband was attacked by the same disorder, and
on my departure, in 1768, I left him without hope of recovery. Subsequently

the woman's brother and his wife suffered in like manner, and after these

several other Californians, principally of the female sex. Neither the oldest of

the natives, nor missionaries living for thii-ty years in the country, had hitherto

been acquainted with this extraordinary and apparently contagious disease.

The patience of Californians in sickness is really admirable. Hardly a sigh

is heaved by those who lie on the bare ground in the most pitiable condition

and racked with pain. They look without dread upon their ulcers and wounds,

and submit to bm-uiug and cutting, or make incisions in their own flesh for ex-

tracting thorns and splinters, with as much indifference as though the operation

were performed on somebody else. It is, however, an indication of approach-

ing death when they lose their appetite.

Their medical art is very limited, consisting almost exclusively, whatever
the character of the disease may be, in the practice of binding, when feasible,

a cord or coarse rope tightly around the affected part of the body. Sometimes
they make use of a kind of bleeding by cutting with a sharp stone a few small

openings in the inflamed part, in order to draw blood and thus relieve the

patient. Though every year a number of Californians die by the bite of the

rattlesnake, their only remedy against such accidents consists in tightly bind-

ing the injured member a little above the wound towards the heart; but if the

part wounded by the reptile is a finger or a hand, they simply cut it off, and I

knew severalwho had performed this cure on themselves or on individuals of their

families. Xow-a-days they beg in nearly all cases of disease for tallow to rub
the affected part, and also for Spanish snuff which they use against headache
and sore eyes. Excepting the remedies just mentioned, they have no appli-

ances whatever against ulcers, wounds, or other external injuries, and far less

against internal disorders; and though they may repeatedly have seen the

missionary using some sifliple for removing a complaint, they will, either from
forgetfulness or indolence, never employ it for themselves or others, but always
apply to the missionary again.

They do not, however, content themselves wnth these natural remedies, but

have also recourse to supernatural means, which certainly never brought about

a recovery. There are many impostors among them, pretending to possess the

po's^er of curing diseases, and the ignorant Indians have so much taith in their

art that they send for one or more of these scoundrels whenever they are indis-

jjosed. In treating a sick person, these jugglers employ a small tube, which
they use for sucking or blowing the patient for a while, making, also, various

grimaces and muttering something which they do not understand themselves,

until, finally, after much hard breathing and panting, they show the patient a
flint, or some other object previously hidden about their persons, pretending to

have at last removed the real cause of the disorder. Twelve of these, liars

received one day, by my orders, the punishment they deserved, and the whole
people had to promise to desist in future from these practices, or else I would
no more preach for them. But when, a few weeks afterwards, that individual,

who first of all had engaged to renounce the devil, fell sick, he sent imme-
diately again for the blower to perform the usual jugglery.
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It is to be feared that some of those who are seized with illness far from the
mission, and not carried thither, are buried alive, especially old people, and
such as have few relations, for they are in the habit of digging the grave two
or three days before the patient breathes his last. It seems tedious to them to

spend much time near an old, dying person that was long ago a burden to them
and looked upon with indifference. A person of my acquaintance restored a
girl to life that Avas already bound up in a deer-skin, according to their custom,

and ready for burial, by administering to her a good dose of chocolate. She lived

many years afterwards. On their way to the mission, some natives broke the

neck of a blind, sick old woman, in order to be spared the trouble of carrying

her a- few miles further. Another patient, being much annoyed by gnats, which
no one felt inclined to keep off from him, was covered up in such a manner
that he died of suffocation. In transporting a patient from one place to

another, they bind him on a rude litter, made of crooked pieces of wood, which
would constitute a perfect rack for any but Indian bones, the carriers being in

the habit of running with their charge.

Concerning their consciences and eternity, the Californians are perfectly

quiet during their sickness, and die off as calmly as though they were sure of

heaven. As soon as a person has given up the ghost, a terrible howling is

raised by the women that arc present, and by those to whom the news is com-
municated, yet no one sheds tears, excepting,, perhaps, the nearest relations,.

and the whole proceeding is a mere ceremony. But who would believe that

some of them show a dislike to be buried according to the rites of the Catholic

religion 1 Having noticed that certain individuals, who were dangerously sick^

yet still in possession of their fliculties, objected to being led or carried to the-

mission, in order to obtain there both spiritual and material assistance, I in-

quired the cause of this strange behavior, and was informed they considered it

as a derision of the dead to bury them with ringing of the bells, chanting, and.

other ceremonies of the Catholic church.

One of them told me they had formerly broken the spine of the deceased,

before burying them, and had thrown them into the ditch, rolled up like a ball,

believing that they would rise up again if not treated in this manner. I saw
them, however, frequently putting shoes on the feet of the dead, which rather

seems to indicate that they entertain the idea of a journey after death ; but

whenever I asked them why they observed this probably very ancient custom,

they could not give me any satisfactory answer. In time of mourning, both

men and women cut off their hair almost entirely, which formerly was giveil

to their physicians or conjurers, who made them into a kind of mantle or large

wig, to be worn on solemn occasions.

When a death has taken place, those who want to show the relations of the

deceased their respect for the latter lie in wait for these people, and if they

pass they come out from their hiding-place, almost creeping, and intonate a

mournful, plaintive, hu, Im, hu ! wounding their heads with pointed, sharp

stones, until the blood flows down to their shoulders. Although this barbarous

custom has frequently been interdicted, they are unwilling to discontinue it..

When I learned, a few years ago, that some had been guilty of this trans-

gression after the death of a certain woman, I left them the choice either to

submit to the fixed punishment or to repeat this mourning ceremony in my
presence. They chose the latter, and, in a short time, I saw the blood trick-

linsr iown from their lacerated heads.

CHAPTER Vlfl. THEIR QUALIFICATIONS AND MANNERS.

From what I have already said of the Californians, it might be inferred that

they are the most unhappy and pitiable of all the children of Adam. Yet

such a supposition would be utterly wrong, and I can assure the reader that,

as far as their temporal condition is concerned, they live unquestionably much
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happier than the civilized inhahitants of Europe, not excepting those who seem

to enjoy all the felicity that life can afford. Habit renders all things endurable

and easy, and the Californian sleeps on the hard ground and in the open air

.just as well and soft as the rich European on the curtained bed of down in his

splendidly decorated apartment. Throughout the whole year nothing happens

that causes a Californian trouble or vexation, nothing that renders his life cum-

bersome and death desirable; for no one harasses and persecutes him, or car-

ries on a lawsuit against him ; neither a hail-storm nor an army can lay waste

his fields, and he is not in danger of having his house and barn destroyed by
fire. Envy, jealousy, and slander embitter not his life, and he is not exposed

to the fear of losing what he possesses, nor to the care of increasing it. No
creditor lays claim to debts ; no officer extorts duty, toll, poll-tax, and a hun-

dred other tributes. There is no woman that spends more for dress than the

income of the husband allows ; no husband who gambles or drinks away the

money that should serve to support and clothe the family ; there are no children

to be established in life ; no daughters to be provided with husbands ; and no

prodigal sons that heap disgi-ace upon whole families. In one word, the Cali-

fornians do not know the meaning of meum and tuum, those two ideas which,

according to St. Gregory, fill the few days of our existence with bitterness and

uncountable evils.

Though the Californians seem to possess nothing, they have, nevertheless,

all that they want, for they covet nothing beyond the productions of their

poor, ill-favored country, and these are always within their reach. It is no

wonder, then, that they always exhibit a joyful temper, and constantly indulge

in merriment and laughter, showing thus their contentment, which, after all, is

the real source of happiness.

The Californians know very little of arithmetic, some of them being unable

to count further than six, while others cannot number beyond three, insomuch

that none of them can say how many fingers he has. They do not possess

anything that is worth counting, and hence their indifference. It is all the

same to them whether the year has six or twelve months, and the month three

or thirty days, for every day is a holiday with them. They care not Avhether

they have one or two or twelve children, or none at all, since twelve cause

them no more expense or trouble than one, and the inheritance is not lessened

by a plurality of heirs. Any number beyond six they express in their lan-

guage by miich, leaving it to their confessor to make out whether that number

amounts to seven, seventy, or seven hundred.

They do not know what a year is, and, cotasequently, cannot say when it

begins and ends. Instead of saying, therefore, " a year ago," or " during this

year," the Californians who speak the Waicuri language use the expressions,

it is already an amhia past, or, during this ambia, the latter word signifying

the pitahaya fruit, of which a description has been given on a previous page.

A space of three years, therefore, is expressed by the teim "three pitahayas;"

yet they seldom make use of such phrases, because they hardly ever speak

among themselves of years, but merely say, "long ago," or, "not long ago,"

being utterly indifferent whether two or twenty years have elapsed since the

occurrence of a certain event. For the same reason they do not speak of

months, and have not even a name for that space of time. A week, however,

they call at present amhuja, that is, " a house," or " a place where one resides,"

which name they have now, ^?e?- antonomasiam, bestowed upon the chifi-ch

They are divided into bands, which alternately spend a week at the mission,

where they have to attend church-service, and thus the week has become

among them synonymous with the church.

When the Californians visit the missionary for any purpose, they are per-

fectly eilent at first, and when asked the cause of their visit, their first answer

is vara^ which means "nothing," Having afterwards delivered their speech,
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tliey sit clown, unasked; in doing whicli the women stretch out their legs, while
the men cross them in the oriental fashion. The same habits they observe
also iu the church and elsewhere. They salute nobody, such a civility beino-
unknown to them, and they have no word to express greeting. If something
is communicated to them which they do not like, they spit out sideways and
scratch the ground with their left foot to express their displeasure.

The men carry everything on their heads ; the women bear loads on their
backs suspended by ropes that pass around their foreheads, and in order to
protect the skin from injury, they place between the forehead and the rope a
piece of untanned deer-hide, which reaches considerably above the head, and
resembles, from afar, a helmet, or the high head-dress worn by ladies at the
present time.

The Californians have a great predilection for singing and dancing, which
are always performed together ; the first is called amhera did, the latter agenari.
Then- singing is nothing but an inarticulate, unmeaning whispering, murmur-
ing, or shouting, which every one intonates according to his own inclination, in

order to express his joy. Their dances consist in a foolish, irregular gesticu-

lating and jumping, or advancing, retreating, and walking in a circle. Yet, they
take such delight in these amusements that they spend whole nights in their

performance, in which respect they much resemble Europeans, of whom cer-

tainly more have killed themselves during Shrovetide and at other times by
dancing, than by praying and fasting. These pastimes, though innocent in

themselves,' had to be rigidly interdicted, because the grossest disorders and
vices were openly perpetrated by tlie natives during the performances

; but it

is hardly possible to prevent them from indulging in their sports. While
speaking of these exercises of the natives, I will also mention that they are

exceedingly good runners. I would gladly have yielded up to them my three

horses for consumption if I had been as swift-footed as they ; for, whenever I

travelled, I became sooner tired with riding than they with walking. They
will run twenty leagues to-day, and return to-morrow to the place from whence
they started without showing much fatigue. Being one day on the point of

setting out on a journey, a little boy expressed a wish to accompany me, and
when I gave him to understand that the distance was long, the business press-

ing, and my horse, moreover, very brisk, he replied with great promptness :

"Thy horse will become tired, but I will not." Another time I sent a boy of

fourteen years with a letter to the neighboring mission, situated six leagues

from my residence. He started at seven o'clock iu the morning, and when
about a league and a half distant from his place of destination, he met the mis-

sionary, to whom the letter was addressed, mounted on a good mule, and on his

way to pay me a visit. The boy turned round and accompanied the missionary,

with Avhom he arrived about noon at my mission, having walked within five

hours a distance of more than nine leagues.

With boys and girls who have arrived at the age of puberty, with pregnant

women, new-born children, and women in child-bed, the Californians observed,

and still secretly observe, certain absurd ceremonies of an unbecoming nature,

which, for this reason, cannot be described in thia book.

There existed always among the Californians individuals of both sexes who
played the part of sorcerers or conjurers, pretending to possess the power of

exorcising the devil, whom they never ^aw; of curing diseases, which they

never healed; and of producing pitahayas, though they could only eat them.

Sometimes they went into caverns, and, changing their voices, made the people

believe that they conversed with some spiritual power. They threatened also

with famine and diseases, or promised to drive the small-pox and similar plagues

away and to other places. When these braggarts appeared formerly in their

gala apparel, they wore long mantles made of human hair, of which the mis-

sionaries burned a great number in all newly established missions. The object
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of tliese impostors was to obtain their food without the trouble of gathering it

in the fields, for the silly people provided them with the best they could find,

in order to keep them in good humor and to enjoy their favor. Their influence

is very small uow-a-days; yet the sick do not cease to place their confidence in

them, as I mentioned in the preceding chapter.

It might be the proper time now to speak of the form of government and

the religion of the Californians previous to their conversion to Christianity;

but neither the one nor the other existed among them. They had no magis-

trates, no police, and no laws ; idols, temples, religious worship or ceremonies

were unknown to them, and they neither believed in the true and only God,
nor adored false deities.* Th«y were all equals, and every one did as he
pleased, without asking his neighbor or caring for his opinion, and thus all vices

and misdeeds remained unpunished, excepting such cases in which the offended

individual or his relations took the law into their own hands^ and revenged

themselves on the guilty party. The diflPerent tribes represented by no means
communities of rational beings, who submit to laws and regulations and obey
their superiors, but resembled far more herds of wild swine, which run about

according to their own liking, being together to-day and scattered to-morrow,

till they meet again by accident at some future time. In one word, the Cali-

fornians lived, salva tenia, as though they had been freethinkers and materi-

alists.!

I made diligent inquiries, among those with whom I lived, to ascertain

whether they had any conception of God, a future life, and their own souls, but

I never could discover the slightest trace of such a knowledge. Their language

has no words for "God" and "soul," for which reason the missionaries were
compelled to use in their sermons and religious instructions the Spanish words
Dlos and alma. It could hardly be otherwise with people who thought of .

nothing but eating and merry-making and never reflected on serious matters,

but dismissed everything that lay beyond the narrow compass of their concep-

tions with the phrase aipt'lceriri, which means "who knows that?" I often

asked them whether they had never put to themselves the question who might
be the creator and preserver of the sun, moon, stars, and other objects of nature,

but was. always sent home with a f^Va, which means "no" in their language.

CHAPTER IX. HOW THEY LIVED BEFORE AND AFTER THEIR CONVERSION.

I will, now proceed to describb in a few words in what manner the unbap-
tized Californians spent their days.

In the evening, when they had eaten their fill, they either lay down, or sat

together and chatted till they were tired of talking, or had communicated to

each other all that they knew for the moment. In the morning they slept until

hunger forced them to rise. As soon as they awakened, the eating recom-

menced, if anything remained; and the laughing, talking, and joking Avere

likewise resumed. After this morning-prayer, when the sun was already some-

Avhat high, the men seized their bows and arrows, and. the women hitched on

their yokes and turtle-shells. Some went to the right, others to the left; here

six, there four, eight, or three, and sometimes one alone, the difi'erent bands,

always continuing the laugliing and chattering on their way. They looked

around to espy a mouse, lizard, snj^e, or perhaps a hare or deer; or tore up
here and there a yuka or other root, or cut off some aloes. A part of the day

* Accovdiug to Father Piccolo, the Californians worshipped the moon ; and Venegas
mentions the belief iu a good and bad principle as prevailing among the Pericuos and
Cotchiuiies.

—

{IVaitz, Antliropologic dcr Naturvdlker, vol. iv, p. 250.) These statements
are empliatically refuted by Baegert iu his first appendix, p. 315, whero he says: ''It is not
true that they worshipped the moou, or practiced any kind of idolatry."

t This is literally his expression.
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tlius spent, a pause was made. They sat or lay down in the shade, if they
happened to find any, without, however, allowing their tongues to come to a
stand-still, or they played or wrestled with each other, to find out who Avas tlie

strongest among them and could throw his adversaries to the ground, in Avhich
sport the women likewise participated. Now they either returned to the camp-
ing-place of the preceding night, or went a few leagues further, until they came
to some spot supplied with water, where they commenced singeing, burning,
roasting, and pounding the captures they had made during the day. They ate

as long as they had anything before them and as there was room in their sto-

machs, and after a long, childish or indecent talk, they betook themselves to

rest again. In this manner they lived throughout the whole year, and their

conversation, if it did not turn on eating, had always some childish trick or
knavery for its subject. Those of the natives who cannot be put to some use-

ful labor, while living at the mission, spend their time pretty much in the same
way.
Who would expect, under these circumstances, to find a spark of reli-

gion among the Californians 1 It is true, they spoke of the course taken by a
deer that had escaped them at nightfall with an arrow in his side, and which
they intended to pursue the next morning, but they never speculated on the

course of the sun and the other heavenly bodies ; they talked about their pita-

hayas, even long before they were ripe, yet it never occurred to them to think
of the Creator of the pitahayas and -other productions around them.

I am not unacquainted with the statement of a certain author, according to

which one Californian tribe at least was found to possess some knowledge of

the incarnation of the Son of God and the Holy Trinity; but this is certainly

an error, considering that such a knowledge could only have been imparted by the

preachers of the Gospel. The whole matter doubtless originated in a deception

on the part of the natives, who are very mendacious and inclined to invent

stories calculated to please the missionary ; while, on the other hand, every one

may be easily deceived by them who has not yet found out their trixiks. It is,

moreover, a very difficult task to learn anything from them by inquiry; for,

besides their shameless lies and unnecessarily evasive answers, they entangle,

from inborn awkwardness, the subject in question in such a pitiable manner, and
contradict themselves so frequently, that the inquirer is very apt to lose his

patience. A missionary once requested me to find out whether a certain N.

had been married before his baptism, which he received when a grown man,

with the sister of M. A simple "yes" or "no" would have answered the

question and decided the matter at once. But the examination lasted about

three-quarters of an hour, at the end of which I knew just as little as before.

I wrote down the questions and answers, and sent the protocol to the missionary,

who was no moi-e successful than myself in arriving at the final result, whether

N. had been the husband of the sister of M. or not. So confused are the minds

of these Californian Hottentots.

Of baptized Indians, there resided in each mission as many as the missionary

could support and occupy with field-labor, knitting, weaving, and other work.

Where it was possible to keep a good number of sheep, spinning-wheels and

looms were in operation, and the people received more frequently new clothing

than at other stations. In each mission there were also a number of natives

appointed for special service, namely, a sacristan, a goat-herd, a tender of the

sick, a catechist, a superintendent, a fiscal, and two dirty cooks, one for the

missionary and the other for the Californians. Of the fifteen missions, how-

ever, there were only four, and these but thinly populated, which could support

and clothe all their parishioners, and afford them a home during the whole

year. In the other missionary stations, the whole people were divided into

three or four bands which appeared alternately once in a month at the mission

and encamped there for a week.
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Every day at sunrise they all attended mass, during: which they said their

beads. Before and after mass they recited the Christian doctrine, drawn up

for them in questions and answers in their own language. An address or ex-

hortation delivered by the missionary in the same language, and lasting from

half an hour to three-quarters of an hour, concluded the religious service of

the morning. This over, breakfast was given to those who were engaged in

some Avork, while the others Avent where they pleased in order to gather their

daily bread in the fields, if the missionary was unable to provide them with

food. Towards sunset, a signal with the bell assembled them all again in the

church to say their beads and the litany of Loretto, or to sing it on Sundays

and holidays. The bell was not only rung three times a day, as usual, but

also at three o'clock in the afternoon, in honor of the agony of Christ, and also,

according to Spanish custom, at eight o'clock in the evening, to pray for the

faithful departed. When the week was over, the parishioners returned to their

respective homes, some three or six, others fifteen or twenty leagues distant

from the mission.

On the principal holidays of the year, and also during passion-week, all

members of the community were assembled at the mission, and they received

at such times, besides their ordinary food, some head of cattle and a good sup-

ply of Indian corn for consumption ; dried figs and raisins were also given them
without stint in all missions where such fruit was raised. On these occasions,

articles of food and apparel were likewise put up as prizes for those who were

winners in the games they played, or excelled in shooting at the target.

Fiscals and superintendents, appointed from among the diflferent bands, pre-

served order within and without the mission. It was their duty to lead all

those who were present to the church when the bell rung, and to collect and

drive in to the mission that portion of the community which had been roaming

for three weeks at large. They Avere to prevent disorders, public scandals and

knaveries, and to enforce decent behavior and silence during church-serA'ice.

It was further their duty to make the converts recite the catechism morning

and evening, and to say their beads in the fields ; to punish slight transgres-

sions, and to report more serious offences at the proper place ; to take care of

those who fell sick in the Avilderncss, and to convey them to the mission, &c.,

&c. As a badge of their oflice they carried a cane which was often silver-

headed. Most of them were very proud of their dignity, but only a few per-

formed their duty, for Avhich reason they received their flogging oftener than

the rest, and had to bear the blows and cuffs, which it was their duty to admin-

ister to others.* There were also catechists appointed upon Avhom it Avas in-

cumbent to lead the prayers, and to give instruction to the most ignorant of

the catechumens.

Every day, in the morning, at noon, and in the evening, either the mis-

sionary himself, or some one appointed by him, distributed boiled Avheat or

maize to the pregnant women, the blind, old and infirm, if he was unable to

feed them all ; and for those Avho Avere sick, meat Avas cooked at least once

every day. When any work was done, all engaged in it were fed three times

a day. Yet their labor was by no means severe. Would to God it had been

* On a preceding page the author gives, not exactly in the proper place, the following
particulars concerning the penal law established among the Calilomians : "In cases of
extraordinary crimes, the punishment of the natives was fixed by the royal officer who com-
manded the Californian squadron ; common misdeeds fell within the jurisdiction of the

corporal of the soldiers stationed in each mission. Capital punishment, by shooting, Avas

only resorted to in cases of murder ; all other transgressions were either punished by a
number of lashes administered with a leather Avhip on the bare skin of the culprit, or his

feet put in irons for some days, weeks, or months. As to ecclesiastical punishments, the
Roman pontiffs did not think proper to introduce them among the 'Americans, and fines were
likewise out of the question, in accordance Avith the old German proverb: 'Where there is

nothing, the emperor has no rights.'
"
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possible to make them work like tlie country people and mechanics in Germany

!

How many knaveries and vices would have been avoided every day ! The
work always commenced late, and ceased before the sun was down. At noon
they rested two hours. It is certain that six laborers in Germany do more
work in six days than twelve Californians in twelve days. And, moreover, all

their labor was for their own or their countrymen's benefit ; for the missionary
derived nothing but care and trouble from it, and might easily have obtained
elsewhere the few bushels of wheat or Indian corn which he needed for his

own consumption.

For the rest, the missionary was the only refuge of the small and grown,
the sick and the healthy, and he had to bear the burden of all concerns of the

mission. Of him the natives requested food and medicine, clothing and shoes,

tobacco for smoking and snuffing, and tools, if they intended to manufacture
anything. He had to settle their quarrels, to take charge of the infants who
had lost their parents, to provide for the sick, and to appoint watchers by the

dying. I have known missionaries who seldom said their office while the sun
shone, so much were they harassed the whole day. Fathers Ugarte and Druet,

for instance, worked in the fields, exposed to the hot sun, like the poorest

peasants or journeymen, standing in the water and mire up to their knees.

Others carried on the trades of tailors and carpenters, masons, brick-burners

and saddlers ; they acted as physicians, surgeons, organists, and schoolmasters,

and had to perform the duties of parents, guardians, wardens of hospitals,

beadles, and many others. The intelligent reader, who has so far become
acquainted with the condition of the country and its inhabitants, can easily

perceive that these exertions on the part of the missionaries were dictated by
necessity, and he will, also, be enabled to imagine in what their rents and reve-

nues, in California not only, but in a hundred other places of America, may
have consisted.

CHAPTER X.—THEIR LANGUAGE.

The account thus far given of the character and the habits of the Califor-

nians will, to a certain extent, enable the reader to form, in advance, an esti-

mate of their language. A people without laws and religion, who think and
speak of nothing but their food and other things which they have in common
with animals, who carry on no trade, and entertain no friendly intercourse with

neighboring tribes, that consist, like themselves, only of a few hundred souls

and always remain within their own small district, where nothing is to be seen

but thorns, rocks, game, and vermin, such a people, I say, cannot be expected

to speak an elegant and rich language. A man of sixty years ran away from

my mission with his son, a boy of about six years, and they spent five years

alone in the Californian wilderness, when they were found and brought back to

the mission. Every one can imagine how and on what subjects these two her-

mits may have conversed in their daily intercourse. The returned lad, who
had then nearly reache'd his twelfth year, was hardly able to speak three words

in succession, and excepting water, wood, fire, snake, mouse, and the like, he

could name nothing, insomuch that he was called the dull and dumb Pablo, or

Paul, by his own countrymen. The story of this boy may almost be applied

'to the whole people.

Leaving aside a great many dialects and offshoots, six entirely different

languages have thus far been discovered in California, namely, the Laymona,

about the mission of Loreto ; the Gotshiml, in the mission of St. Xavier, and

others towards the north ; the Utshiti and the Pericua in the south ;
the still

unknown language spoken by the nations whom Father Linck visited in 1766,

during his exploration of the northern part of the peninsula ; and, lastly, the

Walcuri language, of which I am now' about to treat, having learned as much

of it as was necessary for conversing with the natives.
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The "Waicuri language* is of an exceedingly barbarous and rude description,

by which. rudeness, however, I do not mean a hard pronunciation or a suc-

cession of many consonants, for these qualities do not form the essence of a

language, but merely its outward character or conformation, and are more or v

less imaginary, as it were, among those who are unacquainted with it. It is

well known that Italians and Frenchmen consider the German language as

barbarous, while the Germans have the like opinion of the Bohemian or Polish

languages ; but these impressions cease as soon as the Frenchmen or Italians

can converse in German, and the Germans in the Bohemian or Polish tongues.

In the Waicuri alphabet the letters o,yi^,Z, a:, are wanting, also the s, except-

ing in the ts/i ; but the great deficiency of the language consists in the total

absence of a great many words, the want of which would seem to render it

almost impossible for reasonable beings to converse with each other and to

receive instruction in the Christian religion. For whatever is not substantial,

and cannot be seen or touched or otherwise perceived by the senses, has no

name in the Waicuri language. There are no nouns whatever for expressing

virtues, vices, or the diflPereut dispositions of the mind, and there exist only a

few adjectives of this class, namely, merry, sad, lazy, and angry, all of which

merely denote such humors as can be perceived in a person's face. All terms

relating to rational human and civil life, and a multitude of words for signi-

fying other objects, are entirely wanting, so that it would be a vain trouble to

look in the Waicuri vocabulary for the following expressions : I'ife, death,

weather, time, cold, heat, toorld, rain, understanding, will, memory, knowledge,

honor, decency, consolation, jpeace, quarrel, member, joy, imputation, mind,

friend, friendship, truth, hashfulness, enmity, faith, love, hope, wish, desire, hate,

anger, gratitude, patience, meekness, envy, industry, virtue, vice, beauty, shape,

sickness, danger, fear, occasion, thing, punishment, doubt, servant, master, vir-

gin, judgment, suspicion, happiness, happy, reasonable, bashful, decent, clever,

moderate, pious, obedient, rich, poor, young, old, agreeable, lovely, friendly,

half, quick, deep, round, contended, more, less, to greet, to thank, to punish, to

he silent, to promenade, to complain, to worship, to doubt, to buy, to flatter, to

caress, to persecute, to dwell, to breathe, to imagine, to idle, to insult, to console,

to live, and a thousand words of a similar character, t

The word living they have neither as a noun nor as a verb, neither in a

natural nor a moral sense ; but only the adjective alive. Bad, narrow, short,

distant, little, &c., they cannot express unless by adding the negation ja or

ra\ to the words good, wide, long, near, and much. They have particular

words for signifying an old man, an old woman, a young man, a young woman,
and so forth ; but the terms old or young do not exist in their language. The
Waicuri contains only four words for denoting the different colors, insomuch

that the natives cannot distinguish in their speech yellow from red, blue from

green, black from brown, white from ash-colored, &c.

Now let the reader imagine how difficult it is to impart to the Californians

any knowledge of European affairs ; to interpret for them some article from a

* Waicuri. Father Begert's very curious account of the language is contained on pages
177-194 of the "Nachnchten." It comprises, besides the general remarks ou the char-

acteristic features of the language, the Lord's Prayer and the Creed, both with literal and
free translations, and the conjugation of a verb.—W. W. T.

—

The Literature of American
Aboriginal Languages, by Hermann E. Ludeteig, with Additions and Corrections, by Professor
William. W. Turner. London, 1858, p. 245.

It may be remarked in this place, that the author's name is printed in three different ways,
viz: Beger, Begert, and Baegert. In writing ^^ Baegert,^' I follow Waitz, who probably
gives the correct spelling of the name.

t The author adds: "And all nouns in general that end in German in heit, keit, niss,

ung, and schaft." •

X It will hardly be necessary to mention that the Waicuri words must be pronounced as

German. Excepting the tscli, which is replaced by the equivalent Enghsh sound tsh, tho

orthography of the author has strictly been preserved.
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Madrid newspaper, if one happens to be seen in California a year or more after
its appearance ; or to enlarge upon the merits of the Saints, and to explain, for
instance, how they renounced all vanity, forsaking princely possessions and
even kingdoms, and distributed their property among the poor ; how their lives
were spent in voluntary poverty, chastity, and humility ; and, further, that
they subjected themselves for years to the severest penances, conquered then-
passions and subdued their inclinations; that they devotgd daily eight and
more hours to prayer and contemplation ; that they disregarded worldly con-
cerns and even their own lives ; slept on the bare ground, and abstained from
meat and Aviue. For want of words, the poor preacher has to place his finger
to his mouth in order to illustrate eating ; and concerning the comforts of life,

every Californian will tell him that he never, as long as he lived, slept in a
bed; that he is entirely unacquainted with such articles as bread, wine, and
beer ; and that, excepting rats and mice, he hardly ever tasted any kind of
meat.

The above-mentioned and a great many other words are wanting in the
Waicuri language, simply because those who speak it never use these terms;
their almost animal-like existence and narrow compass of ideas rendering the
application of such expressions superfluous. But concerning heat or cold, rain
or sickness, they content themselves by saying, it is warm, it rains, this or
tJiat person is sick, and nothing else. Sentences like the following : " The
sickness has much weakened a certain person;" or, "cold is less endurable
than heat;" or, "after rain follows sunshine," &c., are certainly very simple
in themselves and current among all peasants in Europe, yet infinitely above
tlie range of thought and speech of the Californians.

They cannot express the degrees of relationship, for instance, ya^/^er, mother,

son, brother, nor the parts of the human body, nor many other words, such as

word or speech, breath, pain, comrade, Sfc, singly and without prefixing the

possessive pronouns mij, thy, our, Sfc. They say, therefore, beddre, eddre, tidre,

kepeddre, Sfc., that is, mi/, th//,his, our Jather ; and becue, ecuc, ticue, kepecue,

that is, my, thy, his, our mother. So also viapd, etapci, tapd, that is, my, thy,

Jifis forehead. ]\Xi?ia7nu, cinamii, tinamib, that is, my, thy, his nose ; betania,

etania, tishania, my, thy, his word; mencmbcu, enembeit, tencmbeu, my, thy, his

pain, S^. But no Californian who speaks the Waicuri is able to say Avhat the

words are, cue, apd, namii, tania, and ncmbeu, express, for fother, forehead,
word, or pain are significations which they never thoiTght of using in a general

sense, and far less has it ever entered their minds to speak, for instance, of the

duties of a father, of a gloomy, a serene, a narrow or large forehead, or to make
a long, a flat or an aquiline nose the subject of their conversation.

The Waicuri language is exceedingly deficient in prepositions and conjunc-

tions. Gf the first class of words, there exist only two that have a definite ap-

plication, namely, tina, on or upon, and deve or tipitshcH, which is equivalent

to the phrase on account of or for (propter.) The prepositions out, in, before,

through, with, for (pro,) against, by, h^c, are either represented by the words

me,pe, and te, which have all the same meaning, or they are not expressed at

all. The article is entirely wanting, and the nouns are not declined. The
conjunction tshie, and, is always placed after the words which it has to connect

;

the other conjunctions, such as that, but, than, because, neither, nor, yet, as,

though, Sfc, are all wanting, and likewise the relative pronouns which and ivho,

so frequently occurring in other languages. They have no adverbs derived

from adjectives, and hardly any of the primitive class. The comparative and

superlative cannot be expressed, and even the words more and less do not exist,

and instead of saying, therefore, Peter is taller and has more than Paul, they

have to use the paraphrase, Peter is tall and has much, Paul is not tall and

lias not much.
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Passing to tlie verbs, I will mention tliat these have neither a conjunctive

nor a mandative mood, and only an imperfect optative mood, and that the pas-

sive form is wanting as well as the reciprocal verb, which is used in the Spanish
and French languages. The verbs have only one mood and three tenses, viz.,

a present, preterit, and future, which are formed by affixing certain endings

to the root of the verb, namely, in the present re or relit ; in the preterit rikiri,

rujere, raupe, or raupere ; in the future me, ineje or erieme*

Sometimes the ifktives prefix the syllable hu or a k alone to the plural of the

verb, or change its first syllable iato ku ; for example, piahake, to light, umutu,
to remember, juke, to chat ; but kupidbake, kumuta, and kudke, when they
will indicate that there are several persons fighting, remembering, or chatting. A
few of their verbs have also a preterit passive participle ; for example, tshipake,

to beat, tsJiipitshitrre, a person that has been beaten, plural kutipau. Some
nouns and adjectives are likewise subject to changes in the plural number, as,

for instance, dual, woman, kdna'l, women; entuddu, ugly or bad, and entudi-

tdmma,\ bad or ugly women. Be expresses I, me (mihi,) ywe (me)andw3r;
ei means thou, thee (tibi,) thee (te) and thij, and so on through all the personal

and possessive pronouns. Yet hecun or beticun signifies also my, and ecun or
eiticun, thy.

They know nothing of metaphors, for which reason the phrase blessed is the

fruit of thy tvomb in the "Ilail Mary" has simply been replaced by thy child.

On the other hand they are very ingenious in giving names to objects with
which they were before unacquainted, calling, for instance, the door, mouth ;

bread, tlie light ; iron, the heary ; wine, bad water ; a gun, bow ; the function-

aries of the mission, bearers of canes ; the Spanish captain, wild or cruel ; oxen
and cows, deer ; horses and mules titshenu-tshd, that is, child of a wise mother

;

and the missionary, in speaking of or to him, tid-pa-til, which means one who
has his house in the north, &fc.

In order to converse in such a barbarous and poor language, a European has
to change, as it were, his whole nature and to become almost a Calforaian him-
self; but in teaching the natives the doctrines of the Christian religion in their

own language, he is very often compelled to make use of paraphrases which,
when translated into a civilized language, must have an odd and sometimes
even ridiculous sound to Europeans; and as the reader may, perhaps, be curi-

ous to know a little more of this peculiar language, I will give as specimens
two articles from the Waicuri catechism, namely, the Lord's Prayer and the

Creed, each with a double interpretation, and also the whole conjugation of the

verb amukiri. |
Concerning this Californian Lord's Prayer and Creed and their interpreta-

tions, the reader will take notice of the following explanatory remarks :

1. The first translation, which stands immediately under the Californian text,

is perfectly literal and shows the structure of the Waicuri language. This
version must necessarily produce a bad ellect upon European ears ; whereas the

second translation, which is less literal and therefore more intelligible, may serve

to convey an idea how the Waicuri text sounds to the natives themselves as

well as to those who understand their idiom, and have become accustomed, by
long practice, to the awkward position of the woi-ds, the absence of relative

pronouns and pi-epositions, and the other deficiencies of the language.

* From the conjugation of the verb amukiri, given at the end of this chapter, it is evident
that these endings have no reference to the person or number of the tenses, but may be iudif-

feiently employed.
t This compound word ilhistrates well the polysynthetic character of theWaictiri language.

X We cannot be too thankful to Father Baegert, who, with all his oddity and eccentricity,

has had the philological taste to preserve and explain a specimen of the Waicuri—a favor
the gieater, as neither Veuegas nor the polished Clavigero has preserved any specimen of
a Californian language, much less a verb in full.
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2. The words holy, clmrcli, God, gJiost, communion, grace, will, cross, virgin,

name, hell, kingdom, bread, trespass, temptation, creator, forgiveness, life, resur-

rection, Lord, daily, Almighty, third, Sfc., are wanting in the Wa'icuri language,
and have either been paraphrased, when it was feasible, or replaced by corre-

sponding Spanish words, in order to avoid too lengthy and not very intelligible

sentences. Some words that could be omitted Avithout materially changing the
sense, such as daily in the Lord's Prayer, and Lord in the Creed, have been
entirely dropped.

3. The sentence " he shall come to judge the living and the dead" could not
be literally translated, because the Californians are unable to comprehend the
moral and theological sense of that passage and others of similar character.

Nor could they be taught in the Creed that the flesh will live again, for by
"flesh" they understand nothing but the meat of deer and cows. They would
laugh at the idea that men were also flesh, and consequently be led to believe in

the resurrection of deer and cows, when they were told that the flesh will rise

again on the day of judgment.
4. In the Waicuri language Heaven is usually called ae«a, that is, the above i

and also, but less frequently, tekerekddatemba, which means curved, or arched
earth or land, because the firmament resembles a vault or arch. Hell they have
been taught to call the fire that never expires ; but this expression is not era-

ployed in the Waicuri Creed.

7'Ae Lord's Prayer in the Wa'icuri language, with a literal translation, showing the exact

succession of the words.

Kep^-diire tekerekddatemba dai, ei-ri ak^tuik^-pu-me, tsh^karrake-

Our Father arched earth thou art, thee O ! that acknowledge all will, praise

pu-me ti tshie; ecuu gracia—ri atiime cate tekerekddatemba tshie; ei-

all will people and : thy grace O ! that have will we arched earth and ; thee

ri jebarrakeme ti pvi jaupe datemba, pde ei jebarrakere, aena 'kea ; kepeciin buo
O ! that obey will men all here earth, as thee obey, above are ; our food

kepe ken jatupe untiiiri ; cate kuitsharrakd tei tshie kepecuu atacdoiara, pae kuitsharrakere

lis give this day; us forgive thou aud our evil, as forgive

cate tshie cdvape atukiara kepetujake ; cate tikakamba tei tshie cuvximerc\ cate ue
we also they • evil us do; us help thou and deske will not we anything
atukiara; kepe kakunja* pe atacdra tshie. Amen.

evil; us protect from evil aud. Amen.

The same in a less literal translation.

Our Father, Thou art in the Heaven ; O that all people may acknowledge and praise Thee

!

O that we may have Thy grace and Heaven! O that all men may obey Thee here in the

world as obey Thee who are above! Our food give us on this day, and forgive u.s our sins,

as we also forgive those who do us harm ; and help us that we may not desire anything
sinful, and protect us from evil. Amen.

The twelve articles of the Creed literally translated.

Irimdnjure p6 Dios Tiare tireti-pu-pudu6ne, t^upe me buaril in-etlriklri

I believe in God his Father make all can, this of nothing has made
tekerekadatemb^ atemb^ tshie. Irim.lnjure tshie pe Jesu Christo titshanu ibe te

arched earth earth and. I believe also in Jesus Christ his son alone —
tidre, 6te pnnj6re pe Espiritu Santo, pedara tshie me Santa Maria virgen.

his father's, man made by Holy Ghost, born and of Saint Mary virgin.

Irimanjure tshie tau-verepe Jesu Christo hibitsherildri tenembeil apdnne icbitshene

I believe also this same Jesus Christ suft'ered has his pain great commanding
t6mme pe Judea Pontio PUato; kutikUrre rikiri tiua cruz, pibikiri, kejeujilta riklri

being in Jitdea Pontius Pilate ; extended been on cross, has died, itnder earth buried is

tshie ; kSritsheu atemba bunju ; meakuuju untdiri tipe-tshetshutip^ rikiri ; tshukiti

also ; gone down earth below ; three days alive again has been ; gone up
tekerekddatemba, peneka tshie me titshuket^ te Dios tiare ureti-pu-puduenc,

arched earth, sits also his right hand of God his father make all can,
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aipiireve tenkie uteiiri-ku-meje atacimma atac^lmmara ti tshie. Irimdnjure pe
from thence reward give come will good bad men also. I believe iu

Espiritu Santo; irimdnjure epi Santa Iglesia cutholica, communion to kunjukardtt

Holy Ghost; I believe there' is Holy Catholic Church, communion — washed
ti tshie. Irimdnjure kuitsharakeme Dios kumbdte-didi-re, kuteve-didi-re ti tsliie

Eeople also. I believe forgive will God bate well, confess well men and
icun atacdmmara pdnno pu. Irimanjure tshie tipd tsbetshutipe me tibikiu ti pvl

;

their bad great all. I believe and alive again will be dead people all

:

enjeme tlpe dei meje tucdva tshie. Amen.
then alive ever will bo the same also. Amen.

The same less literally translated.

I believe in God the Father, who can make everything ; he has made of nothing Heaven
and earth. I believe also iu Jesus Christ, the only Son of his Father ; was made man by
the Holy Ghost ; was born of the Virgin Mary. I believe also this same Jesus Christ
suffered great pain while Pontius Pilate was commanding in Judea: he was extended on
the cross ; lie died and was bm'ied ; he went below the earth ; he became alive again in three

days ; he went up to Heaven ; he sitteth at the right hand of God his Father, who can make
everything; he will come from thence to give rewards to the good and bad. I believe in the

• Holy Ghost ; I believe there is a Holy Catholic Church and communion of the baptized. I
believe God will forgive those men "who thoroughly hate and thoroughly confess all their

great sins. I believe also all dead men will become alive again, and then they will be
always alive. Amen.

CONJUGATION OF THE VERB AMUKIrI, TO PLAY.

Present. »

Sinff. b5

tutau
Plur. cat6

petfe

tucdva

I^ play, &c.
thou

he
we
you
they J

> amukiri—re

Preterit,

Sins. b&

tutail

Plur. cald

petd

tucdva

thou
he
we
you
they J

have played, &c.

amukiri—rikiii

-rujere

-raupe

-ratipere

Future.

Sins.

Plur.

ei'

tutau
cat^

pet5

tucdva

I "^ will play, &c.
thou

I

he I amukiri—me
we

[
( —meje

you ^
\ —6neme

they J

Imperative.

Sing, amukiri tei, play thou.
Plur. amukiri tu, play you.

Sing,

Plur.

b6—ri^

ei—ri

tutau
, cate—

:

pete

tucava—ri J

Ui—n I

te—ri
J

te—ri
1

Optative.

amukiri—rikirikdra

or—rujerdra

Would to

God, I,

thou, he,

we, you, they
had not
played!
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APPENDIX.

Note on the Cora and JFaMcuri languages, by Francisco Pimentcl,*

Father Ortega refers in various places to the grammar of the Cora language which he in
tended to write ; but the work, if it was ever written, has been lost, since there is no mention
of it, and it is iinknown to bibliographers.

The Cora dialect is known also by the names of Chora, Chota, and Nayarita. This last
name comes from the fact that it was spoken, and is still so, in the mountains of Nayarit in
the State of Jalisco. There is another idiom called Cora in California, which is a dialect of
the Guaicura or Vaicm'a, ditfering from that spoken in Jalisco. I have compared various
words of the Guaicura and the Cora of Jalisco, and have found them entnely different.

Examples.

Vaicura.

Father
Thou art

All

Man
And
Here
Earth or world
Above
Food
To give - • - •#

Day ."

To pardon
How „

Obedient
No
Something
I
Thou
He
We
You
They
My
Thy
His
Our
For
Upon
Game
Son
Nose

Tiyaoppa
Petehbe
Manaicmic a.

Tevit :.

Acta
Yye
Chianacat .,

Mehtevi
Gueahti
Ta
Xeucat
Ataouniri
Eupat
Teatzahuateacame
Ehe
Titac
Neapue, nea
Apue, ap
Aehpu, aehp
Ytean
Ammo, an
Aehmo, aehm
Ne
A
Ana, hua
Ta
Kcme
Apoan
Muaitec
Tiperie, tiyaoh

Tzoriti

Are.
Dai.
Pu.
Ti.

Tschie.

Taupe.
Datemba.
Aena.
Bue.
Ken.
Untairi.

Kuitscha.
Pae.

Tebarrakere.
Ra.
Ue.
Be.
Ei.

Tutau.
Gate.

Peti.

Tucava.
Be, me, mi, m.
Ei, e, et.

Ti, te, t.

Kepe.
Deve.
Tina.
Amukiri.
Tschanu.
Namu.

Note relative to the Author.—The only facts concerning the author, which I was
'able to obtain while engaged in translating his work, are contained in Dc Backer^s Biblio-

thcque des Ecrivains de la Compagnie de Jesus, Liege 1859. Vol. v, p. 28.

The author, whose name is given here as Jacob Begert, was born (17] 7) at Schlettstadt

(Upper Khine.) He went to California in 1751 and preached the Gospel there till the decree

of Charles III tore the Jesuits from their missions. On returning to Europe, he retired to

Neuburg in Bavaria, where he died in the month of December, 1772. Clavigero stands as

authority for ascribing the " Nachrichten" to him, and it is also mentioned that the "Berlin-

'sche litterarische Wochenblatt," (1777, vol. ii, p. 625,) contains an extract of the work.

Meusel's large work on German authors, entitled "Das gclehrte Deutschland," is given as

the source from which these statements are derived.

The "Nachrichten" appeared lirst in print in 1772, the same year in which the author died,

who consequently could have survived the publication of his work only a short time. The
copy in my hands, which was printed in 1773, is not properly a second edition, but merely a

reprint, in which the most glaring typographical errors are corrected.

* Boletin de la Sociedad Mexicana de Geografia y Estadistica. Mexico, 1862, tomo viii,

num. 11, p. 603, &c.



THE FIRST STEPS

IN THE

STUDY OF HIGH ANTIQUITY IN EUROPE.

BY A. MORLOT,

FOR THE SMITHSONIAN INSTITUTION.

It is well known that in most countries of Europe there are found axes,

wedges, hammers, knives, arrow-heads, &c., all of stone. The axes and wedges
of stone are often called by the common people "thunderbolts," (a designation

which has also been applied to certain fossils, such as the belemnites;) and it is

curious to meet with that notion, not only in Brazil, where it was probably
introduced by the Portuguese, but even among the Malays* and the Javanese,

whilst the Japanese and the Chinese revere these objecra as relics of their

ancestors.t The truth as to their meaning seems to have dawned but later in

Europe. Thus when, in 1734, the antiquary and numismat, Mahudel, read to

the Acaderpy of Paris a paper "on the so-called thunderbolts," showing that

they were the first instruments used by man, he appears to have been reproached
for " not giving the reasons, which prove the impossibility of such stones being

formed in the clouds." In 1758 there appeared a remarkable work by Goguet,
on the origin of the laws, arts, and sciences, in which the matter is treated in a
perfectly rational manner.| In the preface the author lays down a principle

which deserves to be given textually :
" When I met with an almost total

absence of facts and historical monuments, particularly for the first ages, I con-

sulted what the authors tell us of the customs of savage nations. I thought

that the habits of those people would furnish sure and correct information con-

C'crning the state of the first tribes." Further on, (chap, iv, book ir,) Goguet,
pointing to the stone axes and other objects of the same sort found in Europe,
recognizes them as similar to those of the savages, and as having been used by
our ancestors, before the latter had become acquainted with metal. He then
goes on to speak of the weapons, instruments, and ornaments of copper (bronze)

met in certain old graves in England, Switzerland, Germany, and chiefly in the

north, and he comes to the conclusion that copper (bronze) has been used
instead of iron, (a tenu lieu du Jer,) which he finds confirmed hy the most
ancient historical traditions. Lastly, he points out that iron could only havo
been known and used later, because its common ores are not distinguished by
any striking appearance, and because this metal is much more difiicult to pro-

duce tban copper, which is easily smelted. But Goguet was in advance of his

age, and his valuable archaeological remarks were lost to his contemporaries.

Later came M. de Caumont, who treated the matter in a first-rate manner.

He perceived that stone implements had been the earliest in use, and that copper

* George Windsor Earl. "The Native Races of the Indian Archipelago," London, 1853-
and ' Journal of the Indian Archipelago," vol. v, p. 84.

t Von Siebold. *' Aichief vor Beschiijving of Japan," quoted by Earl.

X A. Y. Goguel. "Del'Ongiue des Lois, dt-s Arts et des Sciences," sixth edition:
Paris, 1820.
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and bronze had been introduced before iron. BoiTOwing, according to his own
acknowledgment, from the language of geologists, lie introduced the happj
expression of chronological horizons, to indicate " the periods in the history of
art remarkable for revolutions or for notable changes in the forms and the
character of the monuments." Without pretending to lay down a general rule,

allowing of no exception, and acknowledging that he owed the idea to Sir R.
Hoare, M. de Caumont also pointed out the following order of succession in the
mode of burial : In the most ancient graves the body of the deceased has been
doubled up, so as to bring the knees in contact with the chin, (as if to take up
as little room as possible.) Later (during the bronze age) the dead were usually
burnt, (which leads to infer the worship of fire.) Lastly, the body was often
laid in the grave, stretched out at fall length. But, tak^n up by his vast
researches on the Roman remains, M. de Caumont treated of the older periods
only in the first volume of his lectures on monumental antiqvxities—a work
which is in itself a monument of fame for its author.*

It was reserved to the Scandinavian North definitely to open the proper track.

Denmark and the south of Sweden teem with antiquities strewed in the
ground, and with ancient barrows or tombs, raised like hillocks above the sur-

rounding level. These drew attention the more readily, as Roman civilization

had not penetrated so far, and had not left those traces which, for a long time,

exclusively fastened research in the mox-e southern regions of Europe.
At Copenhagen, the Athens of the Scandinavian North, many began already, in

the past century, to collect those axes and wedges of flint, which attract the

eye by their perfect state of preservation, and by their natural lustre. It was
a current idea among men of learning that these objects were sj^mbols and
implements used in the religious ceremonies and practice of the ancient heathens.

It was not ill-conceived. But imagination cannot replace induction. Hence it

was an event of note when a simple merchant, M. Thomsen, whose talent of

observation and rare practical tact, revealed by his ability in collecting coins,

published in 1832 a paper on the antiquities of stone in the north, t showing
that these objects had been the tools and weapons of a people very like the

modern savages, who are not acquainted with the use of metal.

The activity of Mr. Thomsen remained concentrated on the improvement of

the museum, (Oldnordisk Museum,) which was confided to his care. Thanks
to him, that establishment has grown to be what the Danes may well claim as a

monument of national fame. With the view of furthering the interests of that

museum, Mr. Thomsen published in 1836, again anonymously, a small practical

guide for the study and preservation of northern antiquities.| The book deserves

particulai- notice, as being the first in which the chronological classification,

formerly indicated by Goguet, and even hinted at by the Latin poet Lucretius,

(De Rerum Natura, lib. v,) is expressly laid down and actually carried out.

In a chapter on the different periods to which the Pagan antiquities may be

referred, Mr. Thomsen begins by sspeaking of the implements of stone, of v.'hich

he had already treated in his first paper. He then shows that certain sepulchral

chambers, formed of huge boulders, and in which the dead were deposited with-

out being burned, contain the same stone implements, without any traces of

metal. This furnishes him with his first period, which he calls the stone age.

The author then goes on to show, as Goguet;^ had already done, that copper and

bronze must have been in use before the iron, and he points out how cutting-

* De Caumont. " Coursd'Antiquit^s Monumentales, profess^ a Caen," 6 vols., with atlas

of plates : vol. 1 : Paris, 1836.

+ "Nordisk Tidsskrift for Oidkyndighed," vol. 1 : Copenhagen, 183:2. Eighteen pages in

octavo, with three plates. Anonymous.

t "Ledetraad til Nordisk Oldkyudight'd." Copenhagen, 1836. German edition : "Leit-

faden zur Nordischen Atterthumskuude." Copenhagen, 1337. English edition, by Lord

EUesmeie: "A Guide to Northern Antiquities." London, 1848.

2Q S
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implements aiid weapons of bronze alone, witliovit any iron, are found in certain

gi'aves, differing from those of the preceding period, both by their structure

and also by their dead having been burned. Hence he deduces a second period,

which he calls the bronze age. Next comes the iron age, distinguished also by
a new system of burial and by the first appearance of silver, which was wauting

in the bronze age, though the latter already worked gold. Thus, what iron is

now, and has long been, for industry and civilization in general, bronze was
formerly, and stone was still earlier. Mr. Thomsen also points out, in his Gruide,

that no traces of alphabetical inscriptions occur before the appearance of iron,

and that each of the three periods is distinguished by its peculiar style of orna-

ment.

While these labors were being prosecuted in Denmark, others not less import-

ant were undertaken in Sweden. Wm. S. Nilsson, professor of zoology at the

flourishing University of Lund, began the publication of a great work on the

fauna of Scandinavia. Considering his subject from a comprehensive point

of view. Professor Nilsson included in it man himself and his origin. This
called his attention to the flint implements, and he formed a collection of

them, constituting now the chief ornament of the museum of Lund. He
published his archajological researches first as a chapter on the history of

the chase and fishery in the Scandinavian North, inserted in the first volume
of his Fauna, (Lund, 1835,) and later, with more ample details, in a separate

quarto volume, entitled " The Aborigines of the Scandinavian North, a
treatise of Comparative Ethnography and a contribution towards the History
of the Development of Humanity." This work, comprising 280 figures,

appeared at Lund, in four parts, from 1838 to 1843. The author handles his

subject with all the superiority of real genius, expressing thought, deep and
rich, in a style characterized by noble simplicity, often verging on the sublime.

The illustrious Swede begins by showing that the comparative method of the

naturalist must be applied to the study of the prehistoric ages, just as has been
done, when the geologist compared the extinct creations with our present organic

world. He then applies that method, not in a general manner, as had been done
before, but entering into all the details required by serious scientific research.

He compares, one by one, the flint implements of the North with those of the

savages. He also points out the striking analogy between the most ancient

gi-aves in Sweden and the modern huts of the Greenlanders, with a view to

prove that the abodes of the dead were imitated from the dwellings of the living,

the primitive type of which seems to have been preserved to this day in Green-
land. Remarking, that an ancient race cannot be determined by the shape of

its weapons and tools, nor even by the style of its graves, but only by its osteo-

logical characteristics, Professor Nilsson takes a review of the skulls, and he
shows that the type of the aborigines is still reproduced by the Laplanders,

whose ancestors seem to have once held the whole North. He finally confirms

this by a very curious inquiry into the traditions and myths of the North, apply-

ing here, also, the principle of comparison, and showing, for example, how the

arrival of the first Europeans had given rise, among the Esquimaux, to similar

tales.

The work in question, as its title proclaims, treats only of the primitive period,

marked by the total absence of all metal, and it contains only a few passing

allusions to the later periods.

In 1844 Professor Nilsson published at Lund a paper " On the successive

periods of human development in Scandinavia, during the prehistorical ages."

In this treatise, which is quite as remarkable as the first, although of much less

extent, the three ages—of the stone, the bronze, and the iron—are at once
recognized as established, and the author enters, respecting each of them, into a

series of details, which constitute the main body of the archceological principles,

since then current in the North. Thus, when speaking of the bronze age, the
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author points out tlie striking uniformity of the bronze weapons in different
parts of Europe, and this leads him to the conclusion that the civilization of
that period must have spread from one and the same centre, situated, probably,
somewhere on the borders of the Mediterranean. The author further remarks,
that the introduction of bronze, as also, later, the introduction of iron, coinciding
with an essential change in the mode of burial, betrays a profound change, each
time, in the religious system. Hence the conclusion, that each of those periods
was marked by the invasion of a new race, or, to use the author's own terms,
by a fresh wave of population ; for we can hardly imagine that nations would be
brought to change their religion, simply because they had acquired a new metal.
The considerable amount of labor required by the publication of his Scandi-

navian fauna obliged Professor Nilsson to abandon the field of archceological
inquiry. But he had laid the broad and solid foundations of that combination of
researches into the past and present state of mankind, which deserves to be
acknowledged as a science of its own, under the denomination he proposed, of
Comparative Ethnographi/. Nilsson has achieved in this branch what Cuvier
has done for palaeontology, when he applied his principles of comparative anatomy
to the study of fossil bones.* These two great men have both developed and
applied the true method ; and this is much more important than any brilliant

discovery, a good method being the most powerful instrument of discovery, as

Cuvier himself remarked.

To the Swede Nilsson and to the Dane Thomsen, happily both still among
the living, we are thus indebted for a good method, bringing archaeology within
the pale of natural science, and for a practical classification, based on the form
and matter, and on the use of the relics of the past—that is, on positive facts,

relative to industry and arts.

The classification into three ages—of the stone, the bronze, and the iron—recalls

to mind the distinction established by Werner and his contemporaries of the

geological formations, into Primary, Secondary and Tertiary. It has been equally

useful, for it began to introduce order into the chaos of antiquities of all ages,

thrown indiscriminately together in the museums, so as to cause these to look

more like curiosity-shops than like scientific establishments.

* Eetired from his professorship, Mr. Nilsson has again taken up archaeology. He is now
publishing a new and much enlarged edition of his Scandinavian Aborigines. A German
translation of this new edition is appearing at Hamburg.



PRIZE QUESTIONS.

EXTEACT FROM THE PROGRAMME OF THE HOLLAND SOCIETY OF
SCIENCES AT HARLEM, FOR 1865.

The Society held its 113th annual session 20th May, 1865. Since the annual
session of 1864 the society has published the following volumes of its acts :

1. Vol. xix, 2d part, H. R. Goppert, JJber EinscMusse im D'tamant.

2. Vol. XX, 1st part, P. Bleeker, Description dc quclques cspecesde Cobitioides

et de Cyprinoides de Ceylon.

3. Vol. XX, 2d part, P. Bleeker, Description des especes de Silures de Suri-

name, conservees aux Musees de Leide et de Amsterdam.
4. Vol. xxi, 1st part, Dr. Hermann Vogelsang, Die Vulkane der Eifel in

Hirer Bildungsweise erldutert.

5. Vol. xxi, 2d part, P. Duchassaing de Fonbressin et Giovanni Michelotti,

Spongiaires de la mer Cara the.

6. Vol. xxii, 1st part, Joseph Barnard Davis, On Synostotic Crania among
Aboriginal Races of Man.

It has been decided that the memoir presented by M. J. Beissel de Borcette,

Die Bryozoen der Aaclmer Kreidebildung, shall form part of the acts of the

society.

In order to give greater publicity to the scientific labors of the savants of the

Netherlands, the Society have decided to publish, at its own expense, in the

French language, (or in Latin, for descriptive systematic memoirs,) the Nether-

land Archives of the Exact and Natural Sciences, published by the Holland
Society of Sciences at Harlem.

The publication of this journal, which will contain as well original memoirs

in extcnso as translations or summaries of the memoirs of learned Netherlanders

which have appeared elsewhere, will not be periodical, but will be regulated

according to the number of memoirs presented. It will be edited by the per-

petual secretary, M. E. H. von Baumhauer, assisted by MM. R. von Rees, J. von
der Iloeven, II. J. Halbertsma, and D. Bierens de Haan.

The Society thinks proper to repeat the following questions, and requests that

they be answered before the first of January, 1867 :

1. The fishes of the Indian Archipelago have engaged the researches of a

learned Hollander. The Society desires that the other vertebrata of those

islands, especially those of Borneo, Celebes, and the Moluccas, and, above all,

those of New Guinea, should be the subject of a like examination. It will

award its gold medal to the naturalist who shall send it either the description

of some new species of mammifers, birds or reptiles of those islands, or a memoir

containing new and remarkable facts regarding the structure and mode of life of

some of those animals.

'2. The Society desires as exact a determination as possible of the errors of

the tables of the moon which we owe to M. Hansen, by the occultations of the

Pleiades, observed during the last revolution of the node of the lunar orbit.

3. The celebrated mechanician Ruhmkorff has obtained sparks of extraordi-

nary length by the machines of induction which bear his name. The Society

desires to obtain a determination, by theoretical and experimental researches, of

the laws which govern the length and intensity of the sparks in machines of

different size and construction.
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4. What diflFerence is there between the perception of sounds with one and
with both ears ? Precise researches are requested regarding this difference, and
on the influence in general of the duality in the organ of hearing.

6. According to the researches of M. Pasteur and other savants, fermentation
is owing to the development of cryptogams and infusoria. The Society wishes
new and positive researches to be made on this subject, and, if necessary, an
exact description to be given of these plants and animals, and their mode of
action.

6. What is the best construction for steam vessels designed to clear rivers of
the masses of ice which obstruct the course of the water 1 It is expected that
in answering this question notice will be taken of all that practice has decided
upon this subject, as well in our own country as abroad.

7. With the exception of some formations on the eastern frontier of the king-
dom of the low countries, the geolgoical strata of that region covered with
deposits of alluvium and diluvium are still but little known. An account is

desired of all that has been brought to light with certainty, whether by borings
executed at different places or by other observations, respecting the nature of
those formations.

8. It is known, chiefly by the labors of M. Roemer, at Breslau, that many
of the fossils which are found near Groningen belong to the same species with
those occurring in the silurian formations of the island of Gothland. This has
led M. Roemer to the conclusion that the diluvium of Groningen has been
transported from the island just named ; but such an origin appears to comport
but little with the direction in which this diluvium is deposited—a direction

which would rather indicate a transportation from the southern part of Norway.
The Society desires to see this question decided by an exact comparison of the
fossils of Groningen with the minerals and fossils of the silurian and other
formations of that part of Norway, with a regard at the same time to the modi-
fications which the conAbeyance from a remote country and its consequences
may have caused those minerals and fossils to undergo.

9. The combustion of steel, iron, and other metals in oxygen is accompanied
by the apparition of a multitude of incandescent particles thrown off from the

surface of the body in combustion, and which are found after the phenomenon
at the bottom of the vessel in which the combustion is effected. The same
fact is observed in the luminous electric arch of a strong battery between two
metallic rheophores, one of which at least is of iron or steel. The Society

asks an explanation, based upon new and decisive researches, of the cause of

this phenomenon.
10. We request a continuation of the remarkable researches of M. Brewster

on the liquids and gases which fill the small cavities sometimes found in crys-

tallized minerals.

11. The Society invites an exact anatomical comparison between the skeleton

of the CryptohrancJms japonicus and that of the fossil salamanders of Oeningen,

as well as that of the salamander of Roth.

12. An exact description, with figures, of the skeleton and muscles of the

Sciurus vulgaris, compared with what is known on this subject of the Lemurides

and Chiromys, is requested, in order that the place to be assigned to this last

species in the natural classification may be determined with more certainty than

has been heretofore possible.

13. The Society wishes an anatomical description, with figures, of the Ameri-

can Potto,
(
Cercoleptes lUigcr, Vivera caridivolvula Pallas,) compared with the

structure of other mammifers, as the Nasua aud Procyon, and with that of the

quadrumana. The attention of the author is especially directed to the commu-
nication of Mr. Owen, (Proceedings of Zoological Society 1835, p. 119-124.)

14. The physiological action of carbonic acid on the animal organism, espe-

cially that of man, is recommended aa the object of new and decisive experiments.
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15. It is desirable that exact researclies should be instituted respecting the

distribution of plants and animals in the coal strata of different countries.

16. A memoir of Savart, communicated as an extract in the Journal of the

Institute, No. 313 and 314, by M. Masson, contains the account of exp-^riments

on the simultaneoiis movement of two pendulums. The Society would wish

these experiments to be repeated and explained, if their result be confirmed.

17. Late researches on beats and the resulting sounds do not seem to lead

necessarily to an abandonment of the principle of Daniel Bernouilli, of thf^ coex-

istence of small oscillations for vibrations, which are propagated in an indefinittt

medium. The case is wholly different when the question relates to vibrations

with fixed modes and centres in a circumscribed medium. The Society invites

n<^w researches, as well experimental as theoretical, on the resulting sounds and
the vibrations of stretched cords and membranes which produce them by their

combinations and their interference.

18. It seems that the phenomenon, known as Porrets's, of the electrical trans-

lation of matter across a porous diaphragm, is not an isolated fact, but that by
considering it in its relations with other phenomena it will be found to be a par-

ticular case of a general action. New researches therefore are invited respect-

ing this phenomenon, especially with reference to those of M. Hittorff, on the

translation of elements in the electrolysis.

19. Recent researches have evinced an important analogy between the con-

ducting power of bodies for heat and for the electric current. The substances

compared in this respect were all good conductors of electricity. The Society

desires researches on the conducting power as regards heat of certain isolating

or slightly conducting substances, as glass, marble, &c., and a discussion of the

results obtained, in reference to what has been disclosed by the remarkable

researches of M. Gaugain respecting the conducting power and inductive capacity

of such substances for electricity. •

20. New experimental researches are requested respecting the interior friction

or viscosity of liquids in movement, and on their friction against the walls of

the channel or tube in which they are moving. It is particularly desirable

that a viscid liquor, for instance a thick oil, should be experimentally studied

under this point of view.

21. The Society solicits farther exact researches upon the remarkable phe-

nomena of dissociation discovered by M. Sainte-Olaire-Deville.

For this year the following questions, whose term expires the Jirst of January,
1867, have been proposed :

1. An exact determination of the heat produced by the combustion of the

glycerides is desired.

2. The fractional distillation and fractional precipitation, extolled as means
for separating from one another bodies homologous in their mixtures, are, as

such, very insufficient. The Society invites a research for better means of ob-

taining that result.

3. It seems that the diminution of temperature in the successive strata of the

atmospheric air is not equal under different latitudes ; it is desirable to have
this point so interesting for meteorology elucidated by new researches.

4. The Society wishes an illustrated memoir containing very exact micro-

scopic researches on the formation and development of the ^^'^ in the ovary of

fishes and birds.

/). A monography as complete as possible of the lichens of the Netherlands.

6. We possess very exact determinations of the density and of the dilatation

of mixtures of sethylic alcohol and water by Gilpin, Gay Lussac, and M. von
Baumhauer. Determinations not less exact are requested for mixtures of water,

and methylic alcohol.

7. We only know with sufficient exactness the density of very few bodies

soluble in water which might not be found by the ordinary hydraulic balance
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Society requests the. exact determination, at different temperatures, of at least
fifty bodies soluble in water.

8. Of several plants, for instance, Aesculus bippocastanum, Amygdalus com-
munis, Quercus pedunculata, Tilia parvifolia et grandifolia. Geranium, &c., a
certain quantity of the ovules do not become developed. It is desirable that
the cause of this constant anomaly should be explained by microscopic re-
searches, illustrated by figures. These researches should comprise at least ten
species of plants.

9. In volumetric researches the condensation of gases on surfaces exercises
an embarrassing influence, inasmuch as the deficiency of precise data of such
condensation at different temperatures and different pressures does not permit
us to apply the necessary corrections. The Society solicits new researches on
this important question.

10. D.'terminations of the temperature of deep stagnant waters (lacs) at dif-
ferent depths.

11. A minute description, based on new experiments, of fecundation in the
family of the Gramineag. An exact answer is sought to the following questions :

a. Do the anthers open before, after, or at the moment of the separation of
the glumellse (palese?)

h. Is the pollen strewn upon the stigmas before, after, or at the moment of
the separation of the glumellse ?

c. Does thi'fe separation of the glumellse influence the descent of the pollen
upon the stigmas'?

d. What exterior causes may facilitate or prevent this descent of the pollen
upon the stigmas ?

e. Do the stigmas secrete a matter qualified to retain the grains of pollen ?

f. By what route do the polleuary tubes descend towards the embryonic
sack \

These researches should comprise, in the first place, wheat, barley, rye, oats,

and next as large a number as possible of other plants pertaining to different

classes of the family of Graminese.

The Society would recall to mind that last year it proposed the following
questions to be answered before thefirst of January 1866 :

1. A complete embryology of the Squalus spinax and the Squalus acanthias,

from the egg in the ovary to the complete formation of the young fish.

2. A critical nomenclature of the Annulata and TurbeUaria, which are found
in the interior and on the coasts of the Netherlands, based upon new researches.

3. A comparative myology of the anterior members of reptiles and of birds,

with reference to the denomination of the corresponding or homologous muscles
in mammifers, and especially in man.

4. The form of the figures, named after Lichtenberg, whether produced by
positive or negative electricity, being different, a new and satisfactory explana-

tion of that difference is requested.

5. Researches are invited on the molecular change produced in the wires of

different metals by the sustained action of an electric current as strong as is

possible without producing fusion.

6. A complete embryology of the Lepas anatifora.

7. A comparative anatomical description of the remains of birds which are

found in different geological formations.

8. The origin of several rocks being still unknown to us, the Society wishes

that at least one rock, at the choice of the author, should be examined with a

t^icAV of deciding whether it has been deposited from a solution in water, or

formed by the solidification of a mass melted by heat.

9. The preparation of solid carbonic acid presenting no longer any difficulty,

or danger, a complete examination is needed of its physical properties.

10. A microscopic and chemical examination is requested of the matter, dif-
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fusing a strong odor of musk, which is secreted by glands placed near the jaw-
bones of crocodiles.

11. An exact anatomical description of the sturgeon, {Accipenser sturio,) with

a monography of its development from the e^^ to the adult animal.

12. A comparison of the remains of castors and emydes found in the peat

moss, in localities where those animals no longer live, with the living species

of those animals.

13. If there be earthquakes which are only attributable to subsidence of

strata situated at a greater or less depth, by what distinctive characters can
they be recognized 1

14. It has been observed that oxygen does not conduct the currents of in-

duction of the apparatus of RuhmkorfP, except when its tension has been reduced

to the pressure of 6 mm. of mercury; and that, from that point, its conducting

power augments, when the diminution of tension is continued until it reaches

0.5 mm., when its powers appear to have attained a maximum. It is desirable

that this phenomenon should be conQrmed by new experiments, and that, by
comparing it with what is analogous in regard to other gases, its cause should

be made known.
15. New experimental researches on the velocity of propagation of electricity.

16. A methodical description of the remains of plants of the tertiary forma-

tion in the Netherlands.

17. Should metallic masses in a building protected by a lightning conductor

be placed in communication with the latter or not 1 On this subject new re-

searches, both experimental and theoretical, are requested.

18. A series of new experimental researches on the influence of mechanical

forces upon chemical actions.

19. What are the constituent elements of the fatty body in the larvse of

insects, and what are its functions ]

20. An anatomical description of the Monitor (bivittatus) of the island of

Java,

21. The Society desires that the corpuscles of the blood in diflferent orders of

reptiles should be described and delineated after new and original researches.

22. The density of the vapors of substances is one of their most important

physical characters ; it is therefore to be regretted that it has as yet only been
determined with respect to so few inorganic bodies. The method indicated by
M. Sainte-Claire-Deville for that determination seems calculated to extend our

knowledge upon this point. Hence the Society solicits the determination of

the density of the vapors of different substances in regard to which that fact has

remained undetermined till the present time.

23. Instruments and experimental methods having been sufficiently improved
of late to enable us to undertake with success experiments on the diffraction of

sound, the Society requests that those experiments be made, and that there be
deduced from them a determination of the velocity of sound,

24. Researches are desired on the modifications in the spectral lines of divers

substances, produced by different temperatures and densities,

2o. An analytical catalogue (ra'tsonne) is needed of the geographical distri-

bution of mollusks.

The ordinary prize for a satisfactory answer to each of these questions is a

gold medal of the value of 150 florins, and a further gratuity of 150 florins if

the answer is deemed wortiiy thereof. The answers, legibly written in Dutch,
Fi'ench, English, Italian, Latin or German, (Roman letters,) and free of charge,

with billets in the manner usually adopted in like cases, must be addressed to

Professor E, H. VoN Baunhauer, Perpetual Secretary of the Holland Society

of Sciences, at Harlem,
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IMPERIAL SOCIETY OF NATURAL SCIENCES OF CHERBOURG.

PROGRAMME OF COMPETITION FOR 1868.

The Society oflPers for competition the following question

:

The varecJis (sea-wrack, fuc%is) in the two-fold point of view of agricullure
and of industry.

Full latitude is given to the competitors to treat this question as they shall

think proper
;
yet it is thought that their attention should be more particularly

called to the following points :

1. What time is the most suitable for gathering the varechs fixed on rocks,

and best reconciles the requirements of reproduction with the wants and usages
of agriculture ? Should we make two harvests in each year, or but a single

one ? Ought the varech to be plucked or cut ?

2. By what means is it practicable to conciliate to the greatest possible ex-

tent the interests of agriculturists and those of the manufacturers of iodine and
of alkaline salts ?

3. What are the most proper modes of application to augment the effects of

manuring with the varechs 1 Might not the employment of a mixture in suit-

able proportions of the residuum of the lixiviation of kelp with the common
varech be attended with good economical results 1 By what methods of pre-

vious stratification and maceration might we succeed in profitably uniting the

mineral matters contained in tliat residuum with the organic substances indis-

pensable for completing the elements of vegetable nutrition, and in obtaining the

maximum of useful effect ?

The answers to these different questions, and to all others which the competi-

tors may themselves propose, should be founded not on theoretical considerations,

but on new and solid experiments, devised by the authors of the memoirs, and

carefully described. The prizefor competition is a gold medal offive hundred

francs. The Society may, moreover, award medals of silver to the authors of

memoirs which, without completely resolving the proposed questions, shall have

furnished, nevertheless, useful indications of a nature to merit that distinction.

The right is reserved of publishing in the memoirs of the Society, either in

whole or in part, the manuscripts which shall be presented.

The memoirs must be written in French, Latin, or English, and be addressed,

free of charge, before the first of July, 1868, to the archivist of the Society,

Dr. A. Le Jolis, rue de la Duchee, 29, at Cherbourg. Each manuscript will

be preceded by a motto or epigraph, repeated in a sealed billet which contains

the name and domicile of the author, as well as a declaration, signed by himself,

that the production is unpublished, and has not before been submitted to com-

petition. This billet will not be opened unless a prize shall have been awarded

to the work, or it be judged worthy of publication in the memoirs of the Society.

The manuscripts will remain the property of the Society.

Cherbourg, June 8, 1865.

MEMBERS OF THE BUREAU.

Secretary, L. Fleury. Perpetual Archiviste, Dr. A. Le Jolis.

Treasurer, Levieux. Vice-President, Gteufroy, Senior.
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PRIZE QUESTIONS OP THE PHYSICAL-MATHEMATICAL CLASS OF
THE ROYAL PRUSSIAN ACADEMY OF SCIENCES FOR

THE YEARS 1866-7-

PUBLISHED AT THE PUBLIC SESSION UPON THE LEIBNITZ FESTIVAL, JULY 7, 1864.

( From the Steiner Legacy.

)

In one of the monthly reports of the Academy, for January, 1856, as well as

in an essay published in vol. LIII of Crell's Journal, Steiner communicated

a series of the fundamental properties of the surfaces of the third order, arriving

at the means for a purely geometrical theory of the same.

The Academy desires that this remarkable labor of the distinguished geometer

be carried out further, according to its synthetic methods, and be perfected in

several essential points.

For this purpose it would be necessary, first, to give proofs, which are for

the most part merely indicated or even omitted for the principal propositions
;

but the investigation must be extended beyond the cases treated by Steiner to

those surfaces in which the elements serving for the geometrical construction

are in part imaginary. Beside this, the Academy would regard it as an import-

ant perfection of Steiner's theory, although not absolutely indispensable, if a

complete characterizing of the different kinds of cones in space formed by the

intersection of two of the surfaces here alluded to were given.

Essays contending for the prize may be written in the German, Latin, or

French languages, and the time during which they can be received will expire

upon March 1, 186G. Every essay must be accompanied by a motto, which
must also be placed upon the outside of a sealed envelope containing the author's

name.
The prize of six hundred thalers will be conferred at the public session of the

Leibnitz festival in the month of JiUy, 1S6G.

IL

The theory of the elliptic and Abel's functions, which has already enabled

the solution of problems in nearly every branch of mathematics, and for which
former means for the analysis were insufficient, is without doubt susceptible of

numerous additional applications, and, therefore, the Academy offers the follow-

ing prize questions :

" For any important problem in algebra, arithmetic, integral calculus, geom-
etry, mechanics, and mathematical physics, which can be perfectly solved by
aid of the elliptic or Abel's transcendentals."

The essays may, at the will of the author, be written in the German, Latin,

or French languages, and the time of their reception expires upon the 1st of

March, 1867. Every essay must be accompanied with a motto, which must
also be written upon the outside of a sealed envelope containing the author's

name. -

'

The prize of one hundred ducats will be conferred at the public session on

the Leibnitz festival in July, 1867.
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GEOLOGICAL PRIZE.

ANKOUNCED ON MAY 30, 1864, BY THE IMPERIAL ACADEMY OF SCIENCES AT VIENNA.

The great majority of tlie most accurately studied eruptive rocks, both in and
outside of Austria, belong either to the older palaeozoic formations or to the later
tertiary and quite modern periods.

In the Austrian alps, however, still more in the Carpathian mountain?, and
also partially in Bohemia, there are masses of rocks in great quantity and variety,
which break through the stratified rocks or stand in relation to the same, but
of which the period of eruption falls within the epoch of a middle age, begin-
ning with the dyas formation to that of the eocene.

To name only a few of these, we have the metaphyre of the
(Rothliegende) in Bohemia and the red sandstones of the Carpathians, which
belong probably to the same formation ; the red porphyry and metaphyre of the
trias of the southern Alps ; the so-called augite-porphyry and amygdaloids of
the east Carpathians standing in connexion with the Jurassic limestone ; the
teschinite of the chalk and eocene formation of the Sileskn Carpathians, &c.
Many of these rocks have been named heretofore generally and from mere

external analogies. An accurate mineralogical and chemical investigation of
the same, a comparison of the platonic rocks of the higher and younger periods,

constitutes a problem, the solution of which would fill a gap, in the true sense
of the word, in our knowledge, and would appear alone to be of vast importance
to science. The Imperial Academy can with right expect this solution, because,

as far as is yet known, no other country in the world possesses eruptive rocks

of the period alluded to in equal quantity and abundance.
The mathematical-natural history class of the Imperial Academy of Sciences

has therefore determined to offer a prize for the answer to the following prob-
lem, viz :

" An accurate mineralogical, and, asfar as may he possible, chemical inves-

tigation oj" the largest number of eruptive rocks in Austria oj" the middle period,

from the dyas formation to that oJ" the eocene, and the comparison of these with

the more accurately known older and younger eruptive rocJcs of Austria and of
other countries."

The period for closing the reception of the prize essays has been fixed for

December 31, 1866 ; the announcement and reception of the prize of two hun-

dred royal imperial mint ducats will follow at the commemorative sessiDn of the

Academy on May 30, 1867.

The following paragraphs relating to prize essays, from the order of business

of the Imperial Academy, are published for the benefit of the contestants :

§ 5Q. All prize essays should be furnished without the name of the author,

but, as usual, with an accompanying motto and with a sealed envelope contain-

ing the author's name in the inside and his motto upon the outside.

At the commemorative session of May 30, the president shall open the sealed

envelope inscribed with the motto of the successful essay, and shall announce

the name of the author. The other envelopes shall be burned unopened, but

the essays shall be preserved subject to the call of their authors, announcing

each his motto.

§ 57. The division of a prize between several contestants is prohibited.

§ 58. Every crowned prize essay remains the property of its composer.

Should he so desire, it will be published by the Academy.

§ 59. The members of the Academy shall not strive for this prize.

§ 60. Essays which have not received a prize may, if worthy, be published

by the Academy, with the consent of the author.



EXPLORATIONS.

SCIENTIFIC EXPEDITION TO MEXICO.

A REPORT ADDRESSED TO THE EMPEROR BY THE MINISTER OF PUBLIC

INSTRUCTION.

TRANSLATED FOR THE SMITHSONIAN INSTITUTION.

Sixty-six years ago 40,000 men of the army of Italy and our most illustrious

chief lander] at Alexandria, The young general was followed not only by the

bravest soldiers in the world, but by a whole colony of savants, who achieved,

after their own manner, the conquest of Egypt by tearing away the veil in

which its ancient civilization had, for fifteen centuries, been enveloped. By the

researches of the Institute of Cairo the archaeological sciences were renovated

in Europe. Without the publication of the great work of the Description of
Egypt, Champollion would never have conceived the design nor possessed the

means of commencing the interpretation of the hieroglyphs which science had
pronounced an inexplicable enigma, and France would have wanted the honor

of having found the key to those inscriptions which have already explained so

many symbols and doctrines, and revealed so many ideas concerning the religion,

the history, and the chronology of that ancient world.

It was on the banks of the Nile that Geoffroy Saint Hilaire conceived the

first thought of his great system of anatomical philosophy ; and if the levellings

effected by his colleagues on the Isthmus of Suez, under the fire of the Arabs,

were not exact, their idea of a communication between the two seas has not the

less maintained its popularity to the day when, thanks to another Frenchman,
it might become a reality.

To the conquests of abstract science were added those of art. In the draw-

ings which the expedition brought away our artists saw enlarged resources for

the expression of the beautiful placed at their disposal.

The labors of the Institute of Cairo were even attended with consequences

of practical utility. The study of the climate and of the geographical condi-

tions of the valley of the Nile led to the discovery of means for promoting the

salubrity of the country and securing to its inhabitants a better hygiene. At
this day the plague has almost disappeared, and, notwithstanding the frequency

and facility of commercial intercourse, this scourge no longer arrives on our

coasts to decimate our population, and, as in 1720, to snatch from Provence

alone 85,000 of its inhabitants. It is to the medical investigations of the In-

stitute of Egypt that we should refer the commencement of this great ameliora-

tion.

And while learned Europe was enriched with scientific facts, with ideas and
forms of art, which the great work on Egypt threw into general circulation, Egypt
itself, reanimated by the contact with our soldiers and savants, emerged from its

lethargy. Several of its youth were consigned to a member of the Institute to

be initiated in our European civilization; a number of our engineers were invited

to the work of Egyptian regeneration ; and if there is found to-day on the



SCIENTIFIC EXPEDITION TO MEXICO. 413

banks of the Nile an association which asserts its place among modern societies,
and plays an important part, through production and commerce, in the general
interests of the world, it is in great part because the hand of France was
stretched forth to rescue this people from their state of torpor.

Prepossessed by these memories, your Majesty has determined that what
was done on the banks of the Nile by him who was to become Napoleon I,

should be accomplished in Mexico under the auspices of Napoleon III. The
results obtained sixty years ago are the guarantee of the results in reserve for

the new expedition. Mexico, it is true, does not offer the historic interest pre-
sented by that land of Egypt, where Herodotus placed the origin of the religion,

the arts, and of a portion of the inhabitants of Greece. Nevertheless Mexico,
too, has many secrets to disclose to us : a peculiar civilization which science
should revive, races whose origin eludes us, unknown languages, mysterious
inscriptions, and imposing monuments. But if the expedition be contemplated
in relation to the natural and physical sciences, what comparison can be made
between the two countries 1 On the one hand, a long valley of scarcely 260
leagues, with a width at certain points of but a few hundred toises, where the
sky, the earth, and the waters are of an admirable but wearisome uniformity

;

on the other, a vast region bathed by two oceans, traversed by large rivers

and lofty mountains—which, situated near the equator, possesses every climate,

because it has all altitudes; where the redundant vegetation of the tropics

shelters innumerable tribes of animated creatures ; where, in fine, the internal

wealth corresponds to that of the surface, for the millions which, during three

centuries, Mexico has poured into the lap of Europe are but the first fruits of

the treasures which it yet has in store.

The Mexico of Montezuma comprised but about six degrees of latitude, from

the 15th to the 21st. Outside of its frontiers there remained, to the south,

Yucatan and the entire isthmus ; to the north, all Sonora and the great valley

of the Rio del Norte. But the history of these regions, the races which people

them, is too closely associated with the history and the i-a(^ of Mexico to be

neglected by a scientific expedition. The field of exploration, then, extends

from the sources of the Rio del Norte and the river Colorado to the Gulf of

Darien, over about 32° of latitude.

It is true that a great number of documents relative to this wide tract have

been already collected by the scientific men of the country—by some of the

functionaries sent thither by France, and by travellers, who have followed in

the traces of the most illustrious of their number, William von Humboldt. But

information thus gained at points widely separated requires to be coiSipared,

digested, and submitted to scientific verification. In view of the details and

rigor of method which science now exacts, Mexico offers, in regard to many
sciences, a field of culture almost untouched. We have, for example, numerous

charts of this region, but the best of them leave much to be desired. In the

provinces to the south and west of Mexico the course of the largest rivers is

traced in a very uncertain manner, and it is not necessary to diverge far from

the frequented routes to make the most unexpected discoveries. At a short

distance from Perote, on the highway between Vera Cruz and Mexico, the

maps indicated, four or five years since, a lagoon, where M. de Saussure encoun-

tered hills. To the north the region of the Sierra Madre and the Sierra Verde,

to the south Guatemala, Honduras, and Darien, include vast tracts as little

known as the centre of Africa.

These researches, useful alike to commerce and to science, will promote, per-

haps, the solution of the problem propounded twenty years ago by I'rince Louis

Napoleon for piercing the American isthmus with an interoceanic canal. The

Emperor might in this, as in so many other instances, witness the realization of

the hardy and prolific visions of the exile.

In regard to the geologic constitution of this part of the New World we have
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glimpses rather than any general view ; two studies, among others, are here to

be cieatecl or resumed—paleontology and the examination of volcanic phenomena,
which, in Mexico, present themselves in colossal proportions.

What has been done by mining associations is worthy of praise, but what is

known as yet of the mineralogical wealth of Mexico is undoubtedly the smallest

part of that which exists. The sites thus far turned to profit are those for the
most part which hazard has presented. A truly scientific exploration would
disclose to this branch of industry a future of unexpected prosperity.

A country of so bold and broken an outline, and submitted to the powerful
and varied action of extremes of climate as well as to that of the forces proceed-

ing from the interior of the earth, holds out large promise to the physics of the

globe and to meteorology.

Nor will botany be less fortunate. Those endlessly diversified formations,

those elevations where all climates present themselves, enable Mexico and
Central America to spread before the eyes of the traveller a magnificent and
multiform flora, such as is offered by no other region of the globe. The science

has here ali-eady made many acquisitions, but a full harvest is yet to be gath-

ered, and our gardens, our parks, our forests, and our fields will be enriched

with new plants for ornament and use.

In these regions where nature scatters life under all forms, the animal king-

dom is not less rich nor less curious than the vegetable. Agassiz thinks that

he has found living in the Gulf of Mexico certain antediluvian polyps which
occur imbedded in the soil of Florida, and the encrinites are extant only here

:

a mysterious link between the world of primeval times and our own.
The almost new science of anthropology cannot fail to derive great light from

the calm study of the races buried in the gi-ottoes of Central America, or from
those which still live on the plateau of Anahuac or in the neighboring regions.

The mixed breeds, resulting from the intercourse of the indigenous and foreign

races, will furnish suggestions for a study associated with questions of the highest

import, at once physiological, moral, and social.

Mexico is still rich in promise for another science—comparative philology.

Though hardly of a man's age, this science has already detected the origin of

races of men, reunited the broken ties of nations, and prepared the solution

of the great problem of the variety or unity of our species ; a question which
seemed to possess no interest but for scientific curiosity, yet one which, for three

years. North America has been seeking to decide in the furious conflicts of a

more than civil war. The study of Mexican idioms was commenced, it is true,

long since, but there is room for pursuing it on a wider scale. The ruins of

Paleuque cover mysteries comparable, perhaps, to those which the expedition

of Egypt found on the banks of the Nile, and which, thanks to that expedition,

Champollion was finally enabled to penetrate.

The Mexico of Montezuma has almost wholly disappeared ; the expedition

will aff'ord the means of its rediscovery. Perhaps our explorers will bring to

light some of those rare Mexican manuscripts or yukateques which have escaped

recurring devastations. They will certainly collect those oral traditions of

which modern criticism so well knows how to avail itself.

In 1855, M. de Saussure discovered, within a few leagues of Perote, an entire

city of which, before him, no one had any knowledge. An American traveller,

passing directly from the sea to Mexico, by a route traced by himself, encoun-

tered from eighteen to twenty considerable monuments, of which the memory
was lost. The Mexican solitudes have similar surprises in reserve for our

savants. It will be theii's to renovate this great and curious page of the world's

annal;*, which centuries have effaced, and our generation, so arid of the noble

emotions of history, will see a wider horizon opened for its contemplation.

When our soldiers quit this country, leaving glorious memories behind them,

our savants will complete the conquest of it for science. There is no room to
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doubt but that, by virtue of tbeir labors, certain branclies of our knowledge will
be stimulated and extended—others, perhaps, created, and that new facts will
produce new and fruitful ideas which shall give to our comprehensive studies a
salutary impulse.

In order to assure to the scientific expedition of Mexico every guarantee of
success, I have the honor to propose that your Majesty will be pleased to con-
stitute, by decree, a commission which shall hold its sessions at the department
of public instruction. Composed of men eminent in science and in the state, or
of savants who have already explored Central America, this commission will

give to travellers the necessary instructions, will follow the progress of the ex-
pedition, and will prepare for the scientific world the publication of a work
which will prove, I trust, a monument of the patronage which your Majesty
condescends so directly to accord to this noble enterprise.

I flatter myself that the public offices will cordially associate themselves with
the designs of the Emperor ; and, consequently, I have also the honor of praying
your Majesty to cause to be laid for examination before the council of state the

draught of a law for opening a credit of 200,000 francs in behalf of the ministry

of public instruction in order to defray the expenses of the expedition.



A JOURNEY TO THE YOUCAN, RUSSIAN AMERICA.

BY VV. W. KIRBY.

I left home on the 2d of May in a canoe paddled by a couple of Indians be-

longing to my mission. We followed the ice down the noble McKenzie, staying

awhile with Indians wherever we met them, and remained three or four days at

each of the forts along the route. On the 11th of June I left the zone in which
my life had hitherto been passed, and entered the less genial arctic one. Then,
however, it was pleasant enough. The immense masses of ice piled on each

side of the river sufficiently cooled the atmosphere to make the travelling en-

joyable, while the sun shed upon us the comfort of light nearly the whole
twenty-four hours. And as we advanced further northward he did not leave us

at all. Frequently did I see him describe a complete circle in the heavens.

BetAven Point Separation and Peel's river we met several parties of Esqui-

maux, all of whom, from their thievish propensities, gave us a great deal of

trouble, and very glad were we to escape out of their hands without loss or in-

jury. They are a fine-looking race of people, and from their general habits and
appearance, I imagine them to be much more intelligent than the Indians. And
if proof were wanting I think we have it in a girl who was brought up from the

coast little more than three years ago, and who now speaks and reads the English

language with considerable accuracy. The men are tall, active, and remarkably
strong, many of them having a profusion of whiskers and beard. The women
are rather short, but comparatively fair, and possess very regular and by no
means badly formed features. The females have a very singular practice of

periodically cutting the hair from the crown of their husband's head, (leaving a

bare place like the tonsure of a Roman Catholic priest,) and fastening the spoil

to their own, wear it in bunches on each side of their face, and a third on ihe

top of their head, something in the manner of the Japanese who recently visited

the United States. This custom, as you will imagine, by no means improved
either their figure or appearance, and as they advance in life, the bundles must
become to them uncomfortably large. A very benevolent old lady was most
urgent for me to partake of a slice of blubber, but I need hardly say that a

sense of taste caused me firmly but respectfully to decline accepting her hos-

pitality. Both sexes are inveterate smokers. Their pipes they manufacture
themselves, and are made principally of copper; in shape, the bowl is very
like a reel used for cotton, and the hole through the centre of it is as large as

the aperture of the pipe for holding the tobacco. This they fill, and when
lighted will not allow a single whifi" to escape, but in the most unsmoker-like

manner swallow it all, withliolding respiration until the pipe is finished. The
effect of this upon their nervous system is extremely great, and often do they
fall on the ground completely exhausted, and for a few minutes tremble like an
aspen leaf. The heavy beards of the men, and the fair complexions of all, as-

tonished my Indians greatly, and in their surprise called them "Manooli Conde,"
like white people. They were all exceedingly Avell dressed in deer-skin clothing,

with the hair outside, which being new and nicely ornamented with white fur,

gave them a clean and very comfortable appearance. Their little Kyachs were
beautifully made, and all the men were well armed with deadly-looking knives,

spears, and arrows, all of their own manufacture. The Indians ai*e much afraid

of them, and so afraid of my safety were two different parties that I saw on my
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way down that a man from each of them, who could speak a little Eskimos
volunteered to accompany me, without fee or reward, and invaluable did 1 find

their services. Poor fellows ! they will never see this ; but I cannot refrain from

paying them here my tribute of gratitude and thanks.

At Peel's river I met with a large number of Loucheux Indians, all of whom
received me most kindly, and listened attentively to the glad tidings of salva-

tion I brought unto them. As these are a part of the great family who reach

to the Youcan and beyond, I need not dwell upon thefti here, as their habits

will be included in a general description that I shall give of the whole by-and-
by. I may, however, remark that from their lunger association with 'the whites

mauy of the darker traits that belong to their brethren on the Youcan apply,

if at all, in a much milder form to the Indians there and at Lapiene's House.
I left my canoe and Indians, as well as those who accompanied me, at the

fort, and taking two others who knew the way, walked over the Rocky mount-
ains to Lapiene's House. This part of the journey fatigued me exceedingly—not

so much from the distance (which was only from 75 to 100 miles) as from the

badness of the walking, intense heat of the sun, and myriads of the most
voracious mosquitos that I have met with in the country. The former, I think,

would justly defy competition. There were several rivers to ford, which from
the melting snows and recent rains were just at their height. Fortunately they
were neither very deep nor Avide, or my size and strength would have been
serious impediments to my getting over them.

At Lapene's House I was delighted to meet Mr. Jones, who was my com-
panion on (ravel from Red river to Fort Simpson. He had come up in charge
of the Youcan boat, and at once kindly granted me a passage down with him.

I had fortunately a bundle of Canadian newspapers in my carpet-bag, some of

them containing some speeches on educational subjects by his venerable grand-

father, the bishop of Toronto. Five days of drifting and rowing down the

rapid current of the Porcupine river brought us to its confluence with the You-
can, on the banks of which, about three miles above the junction, the fort is

placed. My friend Mr. Lockhart was in charge, and all who know the kind-

ness of his heart need not to be told of the cordial reception that I met with
from him. Another hearty grasp was from the energetic naturalist Mr. R. Ken-
nicott, who, under the auspices of the Smithsonian Institution, came into the

district with me, and passed the greater part of his first winter at Fort Simpson.
He delighted me with the assurance that he had met with a vast field, and that

his efforts had been crowned with much success, especially in the collection of

eggs, many rare and some hitherto unknown ones having been obtained by
him ; so that the cause of science, in that department, will be greatly benefited

by his labors. Among many others I noticed the eggs and parent birds of the

American widgeon, the black duck, canvas-back duck, spirit duck, [Bucephala
abeola,) small black-head duck, {Fulix affinis,) the waxwing, {Ampelis gar-

rulus,) the Kentucky warbler, the trumpeter swan, the duck4iawk, i^Falco

anatum,) and two species of juncos. With the exception of the waxwing, how-
ever, there were few that have not been obtained in other parts of the district by
the persevering zeal of Mr. Ross, the gentleman in charge, and it, I have since

learned, nested numerously in the vicinity of my out-station at Bear lake.

On my arrival at the Youcan there were about 500 Indians present, all of whom
were astonished, but appeared glad, to see a missionary among them. They
are naturally a fierce, turbulent, and cruel race, approximating more nearly to the

Plain tribes than to the quiet Chipewyans of the McKenzie valley. They com-
mence somewhere about the 65th degree of north latitude, and stretch westward
from the McKenzie to Behring's straits. They were formerly very numerous, but
wars among themselves and with the Esquimaux have sadly diminished them.

They are, however, still a strong and powerful people. They are divided into

many petty tribes, each having its own chief, as the Ta-tlit-Kutchin. (Peel's

27 S
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River Indians,) Ta-Kiith-Kutcbiu, (Lapiene's House Indians,) Kutcb-a-Kutcliin,
(Youcan Indians,) Toucbou-ta-Kutchin, (Wooded Country Indians,) and many
otbers. But tbe general appearance, dress, customs, and habits of all are pretty

mucb tbe same, and all go under tbe general names of Kutcbin (tbe people) and
Loucbeux, (squinters.) Tbe former is tbeir own appellation, wbile tbe latter was
given to tbem by tbe wbites. Tbere is, bowever, anotber division among tbem
of a more interesting and important cbaracter tban tbat of tbe tribes just men-
tioned. Irrespective o^ tribe, tbey are divided into tbree classes, teimed, respect-

ively, Cbit-sa, Nate-sa, and Tanges-at-sa—faintly representing tbe aristocracy,

tbe middle classes, and tbe poorer orders of civilized nations, tbe former being
the most wealthy and tbe latter tbe poorest. In one respect, bowever, tbey
greatly differ, it being tbe rule for a man not to marry in bis own, but to take a

'

wife from either of the other classes. A Cbit-sa gentleman will marry a Tangea-
at-sa peasant without the least feeling infra dig. The offspring in every case

belong to the class of tbe mother. This arrangement has had a most beneficial

effect in allaying the deadly feuds formerly so frequent among tbem. I wit-

nessed one this summer, but it was far from being of a disastrous nature. Tbe
weapons used were neither tbe native bow nor imported gun, but the unruly
tongue, and even it was used in the least objectionable way. A chief, whose
tribe was in disgrace for a murder committed tbe summer before, met the chief

of tbe tribe to which the victim belonged, and in the presence of all commenced
a brilliant oration in favor of him and bis people, while he feelingly deplored

his own and bis people's inferiority. At once, in the most gallant way, the

offended chief, in a speech equally warm, refuted tbe compliments so freely

offered, and returned tbem all, with interest, upon his antagonist. This lasted

for an hour or two, when the offender, by a skilful piece of tactics, confessed

himself so thoroughly beaten that he should never be able to open his lips again
in tbe presence of bis generous conqueror. Harmony, of course, was tbe in-

evitable result.

The dress of all is pretty mucb the same. It consists of a tunic or shirt

reaching to the knees, and very mucb ornamented with beads, and Hyaqua
shells from the Columbia. The trousers and shoes are attached, and orna-

mented with beads and shells similar to tbe tunics. Tbe dress of the women is

the same as tbat of tbe men, with the exception of the tunic being round in-

stead of pointed in front.

The beads above mentioned constitute tbe Indian's wealth. Tbey are strung

up in lengths, in yards and fathoms, and form a regular currency among
tbem, a fathom being the standard, and equivalent to tbe "made beaver" of

tbe company. Some tribes, especially the Kutcb-a-Kutcbin, are essentially

traders, and, instead of bunting themselves, they purchase their fui'S from dis-

tant tribes, among whom tbey regularly make excursions. Often tbe medicine-

men and chiefs have more beads than they can carry abroad with tbem, and
when this happens tbe company's stores are converted into banking establish-

ments, where tbe deposits are invested for safe keeping. Tbe women are much
fewer in number and live a much shorter time than the men. Tbe latter arises

from their early marriages, harsh treatment they receive, and laborious work
they have daily to pei'form, wbile the former is caused, I fear, by tbe cruel acts

of infanticide which to female children have been so sadly prevalent among
them. Praiseworthy efforts have been made by the company's officers to prevent

it, but tbe anguished and hardened mothers have replied that tbey did it to

prevent tbe child from experiencing the hardships tbey endured.

Tbe men mucb reminded me of Plain tribes, with their "birds and feathers,

nose jewels of tin, and necklaces of brass," and plentiful supply of paint, which
was almost tbe first time I had seen i^used in tbe district. Instead of tbe nose

jewels being of " tin" tbey were composed of tbe Hyaqua shells which gave

tbe expression of tbe face a singular appearance. Tbe women did not use



JOURNEY TO THE YOUCAN, RUSSIAN AMERICA. 419

irmch paint, its absence was atoned foi- by tatooing, Avhich appeared universal

among them. This singular custom seems to be one of the most widely diffused

practices of savage life; and was not unknown among the ancients, as it, or

something like it, seems to be forbidden to the Jews, " ye shall not print any
marks upon you," Lev. xix, 28.

Polygamy, as in almost all other barbarous nations, is very prevalent among
them, and is often the source of much domestic unhappiness among them. The
New Zealander multiplies his wives for show, but the object of the Kutchin is

to have a greater number of poor creatures whom he can use as beasts of bur-

den for hauling his wood, carrying his meat, and performing the drudgery

of his camp. They marry young, but no courtship precedes, nor does any
ceremony attend the union. All that is requisite is the sanction of the mother
of the girl, and often is it a matter of negotiation between her and the suitor

when the girl is in her childhood. The father has no voice in the matter what-

ever, nor any other of the girl's relatives.

The tribes frequenting Peel's river bury their dead on stages, the corpse

being securely enclosed in a rude coffin made of hollowed trees. About the

Youcan they were formerly burnt, the ashes collected, placed in a bag, and sus-

pended on the top of a painted pole. Nightly wailings follow for a time, when
the nearest relative makes a feast, invites his friends, and for a week or so the

dead dance is performed, and a funeral dirge sung, after which all grief for

the deceased is ended. I witnessed their dance at the fort, and have been told

by others that the dead song is full of wild and plainitive strains, far superior

to the music of any other tribes in the country.

Altars, or rites of religion, they had none, and before the traders went
there not even an idea of a God to be worshipped. Medicine men they had,

in whose powers they placed implicit faith; and whose aid they dearly pur-

chased in seasons of sickness or distress. They were, emphatically, a people

'without God in the world." Knowing their prejudices, I commenced my
labors among them with much fear and trembling; but earnestly looking to

God for help and strength, and cannot doubt that both were granted. For,

before I left, the medicine men openly renounced their craft, polygamists freely

offered to give up their wives, murderers confessed their crimes, and mothers

told of deeds of infanticide that sickened one to hear. Then all earnestly

sought for pardon and grace. Oh ! it was a goodly sight to see that vast num-
ber, on bended knees, worshipping the God of their salvation, and learning

daily to syllable the name of Jesus. Since my return I have read a glowing
picture of savage life, when left to its native woods and streams, and heartily

as I feel that I could be a friend of him who is, in truth, the friend of the

aborigines, yet sadly do I feel that between theory and fact there is often a
gaping discrepancy. To draw a picture of savage life is one thing, to see "the
heathen in his darkness" is another. To speak of the Indian roaming through
his native woods, now skimming over the glassy lake, or floating down the silent

current, may be to show the poetry of his life; but there is the sterner chapter

of reality to place over against it. From that chapter the above remarks have
been gathered, they present the heathen as they are in themselves. For twenty
years have not yet elapsed since the white man planted his foot in the Youcan
valley, and since he has been there his influence has been to improve, and not

to contaminate. And if a testimony be valuable, more from the cause to which
it is given than from the source whence it proceeds, most heartily do I bear

mine to the humane and considerate treatment that the Indians of the Macken-
zie river district receive from the officers of the company. In many instances

that I could mention, the officer is more like the parent of a large family of
adult children than what his position represents. The undoubted fact is, that

the whole tendency of heathenism is to brutalize and debase, while it remains
with civilization and the Gospel to elevate and to bless.
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Should you desire, I shall be happy next season to give you a few of the
Indian legends, as well as some account of the geology and fauna of my journey.
The flora, I do not sufficiently understand to say anything about, although,
from the great variety of plants that I saw, there must have been many inter-
esting to botanists. When at Red river, I read a paper by Mr, Barnston, oa
the growth of the onion on the banks of the Porcupine river, and I have much
pleasure in being able to confirm his statements, that it is not the real onion,
But the chive that grows in such abundance there.



EXPLORATION IN UPPER CALIFORNIA IN 1800,

UNPER

THE AUSPICES OF THE SMITHSONIAN INSTITUTION.

BY JOHN FEILNER, U. S. A.

Having been requested by the Smithsonian Institution to make collections of
birds, eggs, nests, &c., in the vicinitj of Rhett and Klamath lakes, in the north-

ern part of this State, I applied to Captain John Adams, 1st United States
dragoons, coraraanding Fort Crook, California, for permission to visit the lakes,

and was granted a furlough of twenty days for this purpose, and was also fur-

nished with two pack animals to transport whatever collections I might secure.

Captain Adams not deeming it prudent for me to venture among the Indians
entirely alone, and wishing to render all assistance in his power for the prose-

cution of the object in view, allowed private Alexander Guise, company F, 1st

dragoons, to accompany me. The following is the itinerary of oui* journey :

May 13.—Left this post en route for Klamath lake, via Yreka; camped at

Bear creek ; distance, 20 miles.

May 14.—After re-arranging our traps, continued our way along the Yreka.
road, which we found exceedingly rough. Very few birds have at this early-

part of the season made their appearance; for, although a spring mouth, every-
thing wears an aspect of winter, and travelling through a thickly timbered,

country and over rocky roads, one has not the same chance for observation that

a clear and more level country would afford. Of the birds seen to-day I ob-
served Picas albolarvatMs, Pious harrisii, Sitta aculeata, Sitta canadensis,

and Junco oregonus ; but Spymijyicus wiJliamsonii, which heretofore I have
found abundant in this section of country, seemed to have wholly disappeared..

I did not see even one specimen. At the station-house on McCloud river I saw
for the first time, in large numbers, the species marked No. 511, of which I
collected several, but lost all? save one, when attacked by Indians. Camped at

Pilgrim's camp, on northwest branch of McCloud river; distance 30 miles.

After having left the station-house about two or three miles behind, we suddenly
struck a desert of about six miles in extent, entirely of sand, and not a particle

of snow to be seen. -This sudden change from deep snow to a barren sand
level, from cold to heat, was very surprising. The desert is between station-

house on McCloud river and Pilgrim's camp on the same stream, and although:

a desert itself, has the appearance of an oasis in a snow desert.

May 15.—Left Pilgrim's camp early, deeming it more advisable to travel for

warmth than to remain shivering in camp. The winter in this section of the-

country being very severe, the springs are necessarily backward, and one wilt

often find snow on this road in June; in fact, "Shasta butte,"in our immediate-
vicinity, is covered with snow the whole year, presenting a very picturesque-

appearance. The height of the mountain is very great, and it can be seen a
long distance off. To-day, saw large numbers of the Canada jay, {Perisnreus
canadensis.) I collected several, but could save one only, (No. 508.) Gym-
nokitta ryanocephala, not noticed by me at Fort Crook, California, for the

past year, were seen in numbers to day. The country passed over was, with
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very few exceptions, a barren waste. The soil does not admit of cultivation to

a sufficient extent to repay the laborer, with the exception of a few fertile spots

on the road, station-house being one ; but the intense cold of a single winter

would induce almost any one to seek a more genial region. The mercury at

Pilgrim's camp ranges from 19° to 25°, and snow falls to the depth of fifteen

feet. Distance travelled, 25 miles; camp. Sheep Rock.

May 16.—From Sheep Rock to Yreka the country presents a very unpre-

possessing appearance, and is almost entirely destitute of birds. The great shrike

(
Collyrio horeaUs) might be said to be numerous about the cedar bushes near

Sheep Rock. The only thing of interest I observed was the myriads of locusts

which swarm this section of country, destroying every green thing, even to the

foliage of the tallest trees. The mountain tops appear alone to have escaped

this plague. Their encroachment on the gardens of Yreka compelled the owners

to find some means of protecting their produce, and I believe the following de-

scribed method has proved successful:* A narrow board, six inches wide, is

placed on the ground on its edge; another narrow board, having one edge

guarded by a strip of tin tacked on so as to project slightly beyond the edge,

is nailed on at right angles to the first board, forming, as it were, a rectangular

gutter. A succession of these gutters fastened together forms the " locust " or

"cricket" fence. The smooth surface presented by the tin causes the cricket

to drop ofi", and after many fruitless efforts to " scale the fence," they abandon
the project. I have spoken at length of the habits of the crickets in my ap-

pended "list- of birds, &c." Arrived at Yreka early in the afternoon; dis-

tance, 20 miles. Yreka is one of the principal mining towns of California.

Having a letter of introduction to Judge Rosenborough, formerly Indian agent,

I presented myself to him, hoping that through his assistance I might procure

the services of some Indian guides. Judge R. endeavored to dissuade me from

continuing my tour, and even warned me against the probable hostility of the

Indians on KJamath river ; but thinking that probably I might purchase peact

by distributing a few trinkets among the Indians, I provided myself with such arti-

cles as I thought they would fancy, and determined to make the attempt at all

events. Therefore, after remaining in Yreka one day, I was obliged to start for

the lakes without guides, and accompanied by Quise only.

May 18.—Started for Bogus mountains; travelled all day; camping at night

on Big Bogus creek ; distance, 20 miles ; collected largely of birds and nests
;

but as the species of the former differ from those already collected by me on
Tall river, their names are uukuown. The country around here is well adapted

to agricultural purposes, and a slight labor would insure large produce.

May 19.—After striking the Klamath river, I travelled on it for eight miles

until I came to Hot Springs, where we encamped. I learned, afterwards, from

tl:e Indians, that these springs are held in high estimation on account of their

medicinal properties. The springs are on both sides of the river, some of them
so close to it that a person can stand on the bank and put a hand in each at the

same time. It was wilhin one mile of these springs that I first had intimation

of the hostility of the Indians, who, as soon as they saw us, made off to the

mouutains. After having been in camp some few minutes, I saw a smoke at no

great distance from us, and upon approaching to ascertain its cause, found a

rancheria which had but recently been abandoned and set on fire. This act,

indicative of hostile intentions on the part of the Indians, caused me to change

my course of travel.

May 20.—Made a detour to northeast, crossing some very high and steep moun
tains; found the "dusky grouse" quite numerous, but could not find any nests.

About noon, arriving insight of Butte Valley lake, I metatribe of Indians, headed

by their chief, "Ike." We had a long talk together, the result of which was not

* This nietliotl is more fully described with woodcuts iu the Smithsoniau report for I860.



EXPLORATION IN UPPER CALIFORNIA IN 1860. 423

at all favorable to the further continuance of my trip. " Ike" was exceedingly
inquisitive, and was as thorough in his surveillance as would have been a custom-
house oflScer; he declined affording me any assistance, and by pointing in the
direction whence we came, intimated that discretion on our side would be the
better part of valor. Accordingly, I directed my course towards the south side

of the valley, and came across some white cattle-herders. I endeavored to

find Butte creek, marked on Lieutenant Williamson's map, but could not, though
I should have been in its immediate vicinity. I was informed by the herdea's

and some friendly Lil-lac Indians that no creek or river leaves the valley, the
stream forming a lake and sinking. Distance to-day 20 miles.

The country passed over to-day was well watered and timbered, and indicated
fine agricultural capabilities. As the tide of emigration flows to this section of

the country, so will it rise in wealth and importance, and the only drawback at

present is the presence of the hostile Indians. During a conversation held with
the herders abov^e mentioned, I learned that the Indians had recently killed sev-

eral head of cattle, and had manifested a desire to annoy the whites to such an
extent that they would be obliged to leave the country. The Indians are very
jealous, and consider every emigration of white's into their country a« an encroach-
ment upon their rights.

May 21.—To-day I was quite successful in collecting specimens, and as the

fruit of my labor I can enumerate several varieties of water-fowl eggs, nests, &c.,

but I regret that our engagement with the Indians (spoken of hereafter) de-

prived me of most of them. The "brown curlew" [Numenius longirostris] was
very abundant here; but from the several collected, I have been able to preserve

but one nest, containing three eggs. . When found, all the nests contained four

eggs, and as nicely arranged as if placed by hand. Large numbers of " mud
hens," or coots, [Fulica amcricana,) were seen; in fact, they were the most
abundant bird breeding; they lay from nine to eleven eggs; some of them I

saved ; they build their nests of tales, and select the edge of the tale course,

and by .breaking them down and building on them, their nests have the appear-

ance of floating baskets. The friendly Indians, who are living with the herders,

promised to assist me on the following day, and with their aid I anticipated great

success.

May 22.—The three Indians who yesterday promised me their assistance

disappointed me, and assigned as a reason for refusing to accompany me, that

the Indians of Ike's band having recently stolen cattle from the whites, they
feared a general fight. The herders also said that the Indians had stolen sev-

eral head of cattle, and that Ike's band were the perpetrators of the theft, and
asked me if I would accompany them in visiting the chief and talk with him;
if they could exact a promise of good faith on his part for the future, they were
willing to overlook the past, and also make him some presents of cattle. Ac-
cordingly we went to Ike's camp, stated our object, and expressed a desire to

live at peace with him, and endeavored to impress upon him the idea that he
had acted wrongly in stealing cattle; that such acts would exasperate the white
men, who would come in great numbers and kill his whole tribe. Ike listened

very stoically, and replied that he had killed both men and cattle, and it was
his intention to do so again ; he said the country belonged to the Indians ; that

the whites had no business there, and that he would drive them off. Finding
that we could not come to pacific terms with Ike, we determined to return to the

herders' camp, there to consult as to the course to be pursued, and I to prepare

for the continuance of my trip ; but Ave had not gone more than three hundred
yards when the Indians fired on us; they numbered thirty or forty, we but four,

including one friendly Indian; we were obliged, therefore, to seek shelter in the

timber; but so hotly did they pursue us that we had but time to make good our

retreat to a deserted cabin some six miles distant, which we barricaded as best

we could, and made "loop holes," through which to discharge our pieces. Thus
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fortified, we could have withstood the assault of quite a large force; but one of

our party, a young married man, had a wife in a cabin some two miles distant,

and as he was apprehensive of her safety, he determined to go to her, which he
succeeded in doing, escaping the vigilance of the Indians. Our cabin was at-*

tacked several times, but we beat ofi" our assailants and took advantage of the

cover of night to make good our retreat to the cabin of the married man, where
I found my companion Guise, who had preceded me.

Mai/ 23.—To-day the three friendly Indians left us, but were forced to

return, as they were attacked by Ike's band. A re-enforcement of three white
men having arrived, we determinejl to leave the cabin and give the Indians
battle, which we did, and succeeded in driving them to the mountains, with a
loss on their part of their chief and several warriors. We captured some eighteen

horses, two fine rifles, saddles, &c. Our party escaped unharmed, which was
somewhat remarkable, as the Indians largely outnixmbered us, and were good
marksmen.

Learning from one of the men who just joined us that nearly all the troops

at Fort Crook had been ordered to Carson valley, on account of Indian out-

breaks, I was desirous of reaching home as soon as possible ; and as soon as I

could pack what few specimens the Indians had not destroyed, and make some
necessary preparation for the road, I started, and arrived at Fort Crook, Cali-

fornia, on the 27th instant. My collections were subsequently forwarded to the
Smithsonian Institution.

From observation and information received from the Indians, I am convinced

that a very interesting collection of nests and eggs of water-birds could be made
from the Rhett and Klamath lakes, May and June being the most fovorable

months for collecting. May, and first week or so of June, for water-fowls

;

latter part of June for land-birds. Having visited the lakes at too early a season

for obtaining nests and eggs of the mountain, or land-birds, I was able to observe

very little as to their manner of constructing their nests. On the Klamath river

I saw immense numbers of long-winged swallows (the name unknowa) building

on the sides of rocky cliffs. Clark's crow and wild pigeons were also engaged'

in building nests ; both of them are to be found in large numbers about that jiart

of the country; also, plover, snipe, and divers, but no nests could be found; yet

I am told thej will build about the middle of June.

NOTES UPON SOME ANIMALS OBSERVED DURING THE EXCURSION;

MAMMALS.

Little prairie dog.—I saw this little animal for the first time about four miles

north of Fort Tejon, California, on a small plain, and met with it again in Butte

Creek valley, on the south side, where they were quite numerous. It has the same

habits as the prairie dog found on the great western plains. The latter lives in

separate holes; the former associate together, several living in the same hole.

When approached, they give a signal, which "can hardly be called a bark, but a

single " zeck ;" this signal is repeated by all, and then a general scampering for

holes takes place ; arriving at which, and out of harm's way, they sit on their

haunches, like a squirrel, and look about to reassure themselves of their perfect

safety, all the time continuing their "zeck." Should they suspect danger, they

dart quickly into their holes, and there remain for about ten minutes, until all is

quiet, when, cautiously venturing out, they resume their gambols.

Moles.—Of this family I had two kinds, and, in fact, the finest I eyer saw;

one caught on Bogus creek, Avith glistening silver-gray fur, the other on Klamath

river, with black fur and velvet-like appearance. They were of the same size

as the common mole. Both of them I caught towards evening, when they

were digging in the ground. These two moles and five prairie dogs I lost in

the fight with the Indians.
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BIRDS.

. Picus albolarvafus, (wbite-lieaded woodpecker.)—This bird is abundant in
the high timber between Fort Crook, California, and Shasta Butte mountain.
I saw it very seldom about inhabited places. It hunts, like all woodpeckers,
in the bark of trees for insects, and generally in pairs, by commencing almost
on the foot of the tree, moving in spiral circles up on the trunk, keeping from
time to time a shrilling note to tell its companions its whereabouts. Its flight

is an up-and-down movement, like that of most woodpeckers. I never saw it

in pursuit of flies or insects in the air, like so many of its tribe.

PIcus karrisii, (Harris's woodpecker.)—This species, in its habits, is closely
allied to the first mentioned, except iu not avoiding inhabited places, as I have
often seen it in search of food on the pillar of my porch and adjoining fence.

It will frequently be seen moving downwards on a tree, keeping the body in

nn upright position and moving sideways and downwards—the head always
up, never down, in these movemeats. Its notes are similar to, but sharper than,

those of Picus albolarvafus, which it also resembles in flight. It seldom gives a
note while engaged in search after insects, but generally, when leaving a tree, it

repeats it until it has alighted on another place. It inhabits this country during the
whole year, and cares very little about bad weather. I have seen it in rainy and
snowy days, and late in the evening, busily engaged in the destruction of worms
and insects.

Collyrio borealis, (great shrike.)—This bird is generally to be seen on the
borders of timber, about brush, where it will always select the highest dry
branch. Very few are to be seen about Fort Crook, California, but in Shasta
valley, about the cedar brush, near Sheep Rock, I found it quite abundant,
and pugnacious as usual—at war with the larger birds to keep them away from
its haunts, and the smaller ones to kill them for food. Birds and grasshoppers
are its prey ; of both killing more than it can consume, and fastening the " sur-

plus" to a thorn or brush, there leaving it to decay. Judging from the num-
ber of crickets I saw transfixed to thorns, the sanguinary habits of this bird

should be commended rather than condemned, as they prove useful agents in

clearing the country of one of its greatest plagues.

Certhia Mexicana, (Mexican creeper.)—This bird is very abundant in spring
and fall about Fort Crook. I found it almost everywhere, and cannot say
whether it prefers the vicinity of pine or of oak trees. Busy in its solitary

movements, it would be seldom observed but for the frequent utterance of its

lonely three notes, the first sharper than the two following. Its color corre-

sponds very much with that of the bark of the trees. I always saw this bird

moving upwards, never head downwai-ds, and going in spiral circles or straight

lines up a tree; instead of a kind of jumping, like woodpeckers, their movement
on a tree is a kind of running. The approach of a man will not drive them oif.

I have often attempted to catch them with my hand. If accidentally seen by
them, or if a shot be fired close by, it will often stop on the same spot for some
time without giving a sign of life ; at other times it will turn on the trunk of a
tree on the same side, close to the intruder ; but once started, its flight is quick.

It is generally found in company with the titmouse and nuthatches.

Sitta aculeata, (western nuthatch.)—This bird inhabits this part of country
during the whole year, but is not so common or abundant as might be expected.

I often travelled in the forest for whole days without observing one. They
generally move in pairs, and will be noticed from a long distance by their

singular '' quak, quak." It is amusing to see this little bird, so full of life

and activity, moving upwards or downwards or sideways, on top or on the

lower side of a limb ; in fact, taking every imaginable position to secure ants

and insects in or upon the scaly bark of trees.
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Siffa canadensis, (red-bellied nuthatch.)—This bird resembles iu its habits

the Sif-la aculeata, always moving up or down in spiral circles on the trunk of

a tree, upon or on the lower side of a limb, in search of ants, insects, &c., fre-

quently repeating its note " quank," a good deal sharper than that of Sitta

aculeata, and keeping mostly in the dark, distant forest. I often saw it on the

point of a dead tree flapping the wings by turning in every direction and
making a whistling noise. I found this bird more cunning than the preceding

species ; their quick movements and great care to avoid the hunter's sight makes
it often troublesome to shoot one. It inhabits this part of country during the

whole year.

Sltta pygmcBa, (the pygmy nuthatch.)—(Xos. 5, 22, 33, 34, 102, 199, 200,

of my collection forwarded.) This bird is \&\-j abundant in this section of

country, and in color and habits almost like R'dta canadensis. When I first

observed it, I supposed it to be a young bird of the species just mentioned, but

by closer observation I soon found it to be distinct. More than one pair of

Sitta canadensis are seldom found together, whereas this species travels in

flocks numbering sometimes twenty and more, accompanied by titmice, Certhia

mexicana, Sitta canadensis, and Sitta aculeata, and instead of the note " quank
quauk," it has a chattering whistle. It usually searches for its food only on
branches and limbs ; seldom will it be seen moving on the trunk of a tree.

The pine nuts are very closely searcfied for their seeds ; when found, it alights

on a limb, where, holding it with one foot, it hammers with the bill until it has
broken it in such parts as to enable it to eat its seed. If it should happen to

one to drop such a seed, two or three will be seen diving after and catching it

before it can reach the ground ; another place will be found, and the hammer-
ing commences afresh. The scene presented by observing a party of these

little birds all in a bustle and activity, engaged in breaking pine nuts, and to hear

their chattering and hammering, is very interesting, and reminds one of an
immense machine shop, where all the mechanics are busily engaged at the

various divisions of their craft.

This bird is not so much afraid of the approach of a man as Sitta Canadensis,

and I have seen it almost every day on the trees about the post ; but at breeding

season—June, July—it removes to the thick forest.

Pipilio chlorura, (Blanding's finch.)—This bird generally inhabits mountains
barren of trees, and only covered with chaparral, always keeping close to the

sheltered thickets, where it searches among the dead leaves, &c., for its food.

About Shasta butte, (northeast side,) they might be called abundant, but I

never saw more than one pair together. Upon alighting on the top branches of

a bush it utters a short, sweet, and lively song ; if alarmed when so engaged, it

dives into the brush and disappears from sight, and is then very difficult to

shoot.

Junco oregonus, (Oregon snow-bird.)—I found this bird to be very abundant
throughout the whole of California. On my route to Rhett lake, &c., I met
with large flocks among the brush or underwood, searching on the ground
among the dead leaves for their food, uttering a chirping noi.se. When alarmed

they quickly take to the thickets or trees ; but if no further danger is appre-

hended they come out again and continue their search. When undisturbed

they are very familiar, sometimes coming almost close enough to the observer

to be touched with the hand.

Xanthocephalus icteroceplialus, (yellow-headed blackbird.)—This bird arrives

early in spring in this part of the country, where it remains until the breeding

season, in June ; then it removes further north, where it selects the margins of

the lakes or swampy valleys covered with tules, in which it builds its nest.

This is placed about six inches above the water, and is formed like a basket,

by twisting dry or swamp grass around several pieces of tule until it has formed

a nest. It generally lays four eggs. While the female is setting, the male,
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particularly in the morning and evening, does hia best to please his mate with

his song, which much resembles the creaking of a gate in want of oil. Should
a hawk approach their breeding place, the alarm is given and hundreds will be

seen fluttering about the intruder, less with intention to fight than to annoy him
with their noise, which they continue until he has left.

Several nests sent on by me are of another species of blackbirds, which breed

on the ground in little brushes or bunch-grass, but I am not able to give their

names.
Picicorvus coluinbianus, (Clark's crow.)—This species I first observed about

Pitt river, and on Stoneman's ridge, in very small numbers, but on the moun-
tains between Klamath river and Butte Creek valley I met with them in

abundance, flying from tree-top to tree-top, like a jay, emitting from time to

time a note or cry resembling very much that of a crow, and hammering on
the bark of trees and on pme nuts, upon which it very probably feeds. It is a

very shy bird and difficult to secure. On opening some of them, towards the

cud of May, I found quite large eggs formed in the female ; but 1 never saw a

nest.

Cyanura stelleri, (Steller's jay.)—This jay , the most cunning of its tribe, I

met with everywhere in the timber or brush along rivers or creeks. On the

approach of any intruder it utters a vehement outcry, jumping from limb to

limb, and from one tree to the next, until out of sight. In addition to this

single note, this bird has the faculty of mimicking other species with great

exactness. Jays, in general, are active, lively birds, but this species is superior

to all others in California, feeding indifferently on the ground or on trees.

During the summer season it keeps constantly in the forest, but heavy falls

of snow compel it to seek food and shelter about the settlements, and then it is

easily caught in traps. When caged it soon becomes tamed, and eats freely of

meat in preference to a vegetable diet.

GymnoJcitta cyanocephala, (Maximilian's jay.)—The first time I saw this bird

was at Fort Tejon, California. They generally fly in flocks, keeping on or

along the mountains, and, when so moving, their notes, which are almost pleasing,

are frequently given forth so as to guide the stragglers ; but when in search of

food they are perfectly quiet, and the start for a new flight is announced by
commencing their notes again. They generally fly very high, and feed mostly
on cedar-berries, but also search on the ground for food. It is difficult to ap-

proach and shoot them wherever they are, as they are always on the lookout

;

in fact, all that I killed were obtained by secreting myself under a tree, &c.,

on a place where I had previously seen some pass, those in the rear always
following in the same direction, guided by the notes of the party in advance.

One day I observed a flock drinking. The whole of them first alighted on a

tree near the creek, and finding all quiet, about four of them took to the ground
and satisfied their thirst. When these were done they returned to the tree; then

all the others followed their example. By this arrangement some were on guard
all the time. No sound or note was uttered until all had done, then the flight

and noise recommenced. In the winter of 1858 I caught several of them; iu fact

two came of their own accord into my room and made themselves quite at home,
which astonished me very much, because I had found this bird to be very wild.

The intense cold, however, and the covering up of their food by the snow,
compelled them to take refuge about our quarters until the snow had gone from
most of the country.

Perisoreus canadensis, (Canada jay.)—This bird I first saw in 1859, in small

numbers, when on an Indian scout, about Losseu's butte, hovering noiselessly

about the road, catching flies by darting from one tree or bush to another.

Their flight is light and easy. About Shasta butte (north and east side) I

found them in large numbers, up to twenty together, noiselessly and busily

engaged, and searching for insects on the ground. Here I shot and preserved
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several, but could only save one specimen. They appear to prefer the snowy
region, well suited to their long and downy feathers, and I never met any else-

where. Some of the jay tribe known to me I saw engaged in their habit of

catching insects in the air. They differ from any others of their tribe that I
ever met with.

No. 308 of my collection, (not identified.)—The first time I observed this

bird was at the station-house on McCloud's river, where it was in large num-
bers. At first sight I thought they were cross-bills, owing to their manner and
whistling note, but by closer observation found the difference in size and color.

The whistling noise of so large a party can be heard a considerable distance off.

Their flight is swift, and when flying their wings make a surprising noise. I
sat under a willow bush in Butte valley engaged in cleaning eggs, when I sud-

denly heard a noise in the air as if several hawks were diving at their prey, and
before I had a chance of leaving my place to see where the noise came from,

all the Avillows were covered Avith these birds, whistling and jumping in a very
lively and active manner, and feeding on the willow buds. I had previously

obtained two specimens only of this species, (shot at the station-house on Mc-
Cloud's river,) and here having so fine a chance for more, killed seven specimens

at one shot. All the others, with their usual noise, took flight to the mountains.

On opening the females I found quite large ^^%?i already formed.

Namenius longirostris, (long-billed or brown curlew.)—This bird is seen at

Fort Crook during the spring, but only while migrating north ; but in Butte

valley, particularly the western, portion of it, which is swampy, they appeared

to be numerous, eggs and nests being abundant. The nests are built of dry
grass, placed in a hollow previously made in the dry ground. The nests usually

contain four eggs, nicely arranged, with the pointed end towards the centre.

This bird makes a singular noise, something between the cooing of a dove and
the whistle of a quail. When driven from the nest by the hunting of the dog
it displays great sagacity by leading the dog a circuitous path from the nest for

some distance and then suddenly flying off. At first it hops or flutters along

like a young bird, and just when the dog is about to pounce upon it, off it flies,

uttering its note, cooi, cooi, sounding like a contraction of go away.

Fulica americana, (mud-hen, or coot.)—This bird, common throughout this

State, is particulary so in Butte lake, where there is no difficulty in procuring

immense quantities of eggs and nests. I have myself seen a canoe-load of eggs

collected in less than an hour's time. The nest of the bird is built on the water,

and, as its construction is somewhat novel, I will endeavor to describe it at

length. The tules bordering the waters are bent down, one towards another, so

as to form a base or foundation ; then other tules are interwoven, adding strength

to the structure, and the whole is finished off by an interlacing of the same
material. The whole, when finished, has the appearance of an inverted cone.

The nests generally contain from nine to eleven eggs, and present the appear-

ance of a floating basket.

l)uchs—I never paid much attention to the ducks, owing to the vast number
found over the whole country. During my trip to the lakes many opportunities

presented themselves for becoming acquainted with their manners, habits of

'

breeding, &c., but I was prevented from availing myself of them on account

of the Indian difficulty spoken of in my letter. The most favorable season for

collecting eggs and nests is the end of May and first of June. Ducks gener-

ally select high grass, or little brush, on the skirt of water, lakes, rivers, &c.

The nest will be easily found after detecting the trail leading from the water.

The duck never alights near the nest, but at some distance from it, in order to

avoid notice; after alighting in the water it swims to a spot near the nest, and

then, walking through the grass always from the same point, makes the trail
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spokeu of. Several eggs aud nests have already been forwarded, but 1 am un-
able to class them, as the bird was not seen on the nest.*

Humming-birds.—This family is well represented about Yreka and vicinity.

I found several nests, in all of which the eggs contained embryos. The nests

I had were of three kinds: those found on willow bushes (Atthis anna) were
lined with spider webs, those on oak trees ( Callothorax calliope) with small
scales of bark, and some found about Yreka on small bushes were coated on the
Dutside with a combination of small leaves and scales of bark, bound together with
spider webs. Of birds I only obtained two. The head and neck of one were
of a very brilliant fire-color, (Atthis anna,) the other resembling the Callothorax
calliope, but with a longer bill ; this latter one was abundant about the willow
brush at Butte Creek valley. Both nests and birds I lost in the difficulty with
the Indians.

INSECTS.

Grasshoppers.—These insects were first seen by me in Pitt River valley

during the summer of 1859, and in such number as actually to cover the ground.
They were confined to the west side of the river, which divides the valley, none
being seen on the opposite side save a few, which, having fallen into the stream,

were carried over. So numerous were they that vegetation was entirely destroyed
throughout the valley on the west side of Pitt and Fall rivers.

The eggs are laid in July and August. The insect deposits the eggs by
making perpendicular and oblique holes in the ground, to the depth of an inch,

by means of its tail, which is shaped like a bayonet, and is hollow. The eggs
are passed from the ovary into this tail, and are dropped one by one into the

holes. The localities selected for making these nests, or holes, is generally on
ground slightly undulating, the nature of the soil making little difference ; the

nests are generally made on the south side of the hillock or knoll. Some six

eggs are laid in each nest. The eggs resemble, in form, pieces of vermicelli of

one-fourth of an inch in length, and are of a milky-white color. After making
some three or four nests, or holes, in the manner described, the insect dies, sel-

dom living more than twelve hours after the last deposit. It appears to have
no particular food, but feeds upon all kinds of vegetation ; it will eat the dead
and crippled of its own kind, but I never observed them destroy one another.

When caught in the hand they bite, and emit a very disagreeable, dirty, dark-

green fluid from the mouth. It is remarkably tenacious of life; I cut the head
off one, and could distinctly see signs of animation some twelve hours after.

There is but little diilerence in size between the sexes. Immediately before

uniting sexually, the insect without the tail (which I presume to be the male)

utters a shrill, whistling sound, as if to call his mate. The sexual act lasts

about one or two minutes, and the peculiarity I observed at this union was, that

the one which I presume to be the female was over the male, instead of the

reverse. After the act a small bag—evidently the ovary—is attached to the

body of the female close to the tail ; this is extracted from the other without

the tail ; after a while the bag disappears. The time which elapses between the

sexual act and the deposit of the eggs I am unable to state, but after the eggs

are deposited it is my belief that they remain until the following spring before

being hatched. Their migratory flight extends but a few miles. When moving,

they start in the morning, and, from their precision of movement, they appear

like a vast army on parade. The course once marked out, they never deviate

from it on account of any obstacle, but move straight forward over houses and
all else. Clear and warm days are chosen for travel, but the too scorching rays

of the sun will cause them to seek shelter, as will also inclement weather; the

cover usually selected is bunch-grass or low brushwood, &c.

* Those identified belong to the red-breasted teal, ( ^uerquedula cyanoptera.)—S. F. B.
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In changing the skin the insect fastens itself on a tree or other object, head
downward, and after much exertion crawls out, head foremost, leaving, to all

appearance, its very counterpart behind ; they now present themselves in a suit

of light green, in exchange for the dark brown. The only effectual remedy
against the ravage of this insect is the " cricket-fence," and this structure,

simple as it is, has proved the only barrier.

The crickets were seen in numbers in the vicinity of Treka, and as far on my
route as Bogus mountain. Thus it will appear that they are not a universal

plague in this section of country, but visit certain localities only. From what
I could learn from the Indians, the cricket makes its appearance every three

years, and I was also informed by the Indians that Shasta valley is known as

" Cricket valley ;" hence it would seem that Shasta valley is their range.

[The intrepid explorer whose notes we have here published, and to whom the

Smithsonian Institution is indebted for a large number of valuable specimens of

natural history, fell a victim to the treachery of the Indians. The details of

his fate are given in the following report of General Sully, on whose staff he

served as engineer

:

"On the 28th June, 1864, we reached the Little Sbyenne. Captain Feilner,

1st United States cavalry, with two detailed men, proceeded ahead of the

column to the creek of the Little Shyenne, and reached it at the same time a

party of my friendly Indians and half-breeds did, but about half a mile below
where tliey were, and hidden from their view. The column had not yet arrived,

and as it had been raining hard the night before there was no dust visible. A
small war party of Minnesota Sioux were camping in a thick cluster of brush

and trees where the captain dismounted, and while he was in the act of getting

some water, three Indians fired about six yards from him. Two of the shots

took effect, and the captain died in great agony about two hours afterwai'ds. I

am thus deprived of my engineer officer, and the country of the services of one
of its most valuable and efficient officers. He had for many years servt^d in

the 1st United States cavalry—formerly Ist dragoons—as a non-commissioned
officer, had been in a great many battles, and it is sad that he should lose his

life in this way. It was all owing- to his enthusiastic desire to collect as many
specimens as possible for the Smithsonian Institution. I had cautioned him
several times about the risk he ran in going so far from the command, and on
the night previous to the day of his death I sent for him to my tent to talk to

him on the subject, and I offered him a party of my scouts to protect him, as I

was desirous that he should do all he could to forward the scientific researches

that he was sent here to attend to ; he promised me to accept them, but did not

do so." J. H.j
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April 4, 1854.—Left Racine, "Wisconsin, on the steamer Traveller. Tlie day
was fine, with a gentle breeze from the north. As the boat glided on, large
numbers of herring gulls, Larus argentatus, followed in her wake, picking up,

with clamorous cries, whatever would serve their gluttonous appetites. I no-
ticed one ring-billed gull, Larus zonorhyncJius, a lesser, more active, and grace-

ful species. Saw a scoter duck, Fuligula americana ; this marine species is

occasionally met on Lake Michigan during winter and early spring.

5th.—Stayed in Chicago last night. In the forenoon we had a pleasant ride

on the Galena railroad to Rockford, on Rock river. The train passed close by a
flock of wild geese, which appeared more surprised than frightened, arranged
soldier-like in a long line. They silently gazed with upstretched necks, look-
ing as if they would demand "What next?" From Rockford we went, in the
afternoon, by private conveyance, to the residence of Hon. S. Ruggles, near
Grand de Tour.

7th.—Rigged out our " traps " and went on a fishing excursion to Pine
creek, a small rocky mill-stream that empties its waters into Rock river.

Caught a number of fish, some of which were new to me ; captured a garter

snake, Eutcenia sirtalis. My son met with a hog-nose snake, Heterodon pla-
tyrhinos, but did not succeed in capturing it ; the harmless serpent succeeded,

by hisses and threatening attitudes, in intimidating the boy.

8th.
—

"Went on Rock river to-day ; caught several species of fish and a num-
ber of batrachians ; nothing, however, new. The Hylodes gryllus is an
abundant species here, keeping up almost a continual clicking rattle, which may
be readily imitated by striking together two small pebbles, commencing slowly
and increasing to a rapid chatter. I amused myself by " starting the tune," in

which these diminutive castanet performers did not fail to join right merrily.

Shot a coot, fFulica,) a marbled godwit, Limosafcdoa, and several field spar-

rows, Spizella pusilla. Saw large numbers of geese and ducks. My son col-

lected a fine lot of shells ; some of the uuios were most beautiful and perfect.

9th.—Shot many ducks, a swamp sparrow, and a grass finch. 1 saw a large

number—I should judge not less than a hundred—painted tortoises, Emys picta,

dead on the margin of a mill-pond, where they had been left by the melting of

ice and frozen mud which had been dislodged and driven on shore by the spring

freshet. A part of the pond was shallow and had frozen during the past unu-
sually severe winter to the bottom, including a considerable stratum of mud iu

which the tortoises had crept to hibernate. Can any reptile be revivified after

being thoroughlv frozen ? It is well known that fish will survive freezins:. but
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juclging from several experiments made on serpents, I am led to consider rep-

tiles too highly organized to recover after being completely congealed. In no
single instance have I succeeded in restoring snakes to life that had been per-

fectly frozen. Under these putrefying tortoises I foutid numbers of beetles,

Oiccoptoma marginata. Saw, to day, the first Sjjloicola coronata.

11th.—Had a pleasant drive of thirty miles over a most beautiful pi'airie

country to the " Junction," in La Salle county. Saw geese, ducks, sand-hill

cranes, and golden plover in abundance.

12th.—Left the Junction at half past three in the morning, and in fourteen

hours we were in St. Louis, distance 217 miles. At the Junction there was
but little evidence of spring, vegetation having scarcely started, but, as we ap-

proached Springfield, the influence of a more southern climate was strikingly

apparent, for the red-bud

—

Cercis canadensis—and peach tree were i»n blossom;

and at St. Louis the pears, cherries, and plums are in full bloom. Such a

change on the now smiling face of nature, since morumg, is more like magic
than reality. I noticed in a barber-shop window a hiack-belliedJox squirrel,

just such as we find in the vicinity of Racine; on inquiring I learned that it

had been obtained up the Wisconsin river.

13th.—Left St. Louis in the evening on the packet Honduras.
14th—Making four miles an hour, including detentions on sand-bars. I saw

this morning a number of cormorants ; they must seldom be met any great dis-

tance from the mouth of the Missouri river, for we saw none above this. Saw
a duck hawk fly to her eyrie in the face of an inaccessible cliff with a duck in

her claws on which to feast her young.
15th.—We find ourselves, this morning, only ninety miles from St. Louis.

Turkey vultures are nesting in the cliffs all along the river. The crows follow

the steamboats for the purpose of picking up whatever is acceptable to their

omnivorous craws, just like the gulls on the lakes. No gulls on the Missouri

river.

16th.—Arrived at the residence of E. Elliott, esq., on the river, ten miles

below Booneville, in Cooper county, where we propose spending a week.
17th.—Made a preliminary excursion to-day. The surface of the country

here is much broken ; soil on the hills good for wheat and most other small

grain ; corn and hemp raised pi-incipally on the river bottom. The timber

growing on the hills is composed of various species of oak and hickory inter-

spersed with sassafras of an unusually large growth ; on the bottom, lands, of

Cottonwood, sycamore, maple, elm, hackberry,( Ce/z/s,) honey-locust,
(
Gleditschia,)

coffee-bean, {GymnocloAus;) on the hdl-sides, of mulberry and redbud matted
together and overrun with grapevines. I was much surprised to find such fine

old fruit orchards as we saw here. The trees are remarkably vigorous and
healthy, free from the attacks of insects. One pear tree, 35 j-ears old, on the

"Elliot farm," produced the last season 45 bushels of excellent fruit. Peaches
seldom or never fail to yield an abundant crop. Apples are now plenty at 25
cents per bushel, delivered ; and better flavored, fairer, and more perfect fruit I

never saw at this season of the year. Grapes do well with but little cultiva-

tion. All things considered, the hilly country bordering on the Missouri ia

one of the ha^itfruit regions to be found anywhere. But few migratory birds

have yet arrived, while vegetation is as forward as it is in Wisconsin on the

15th of May, but the crested tits and cardinal birds by their merry whistle do
what they can to compensate for the deficiency of singing birds. Shot several

squirrels ; the gray squirrel here is no doubt distinct from the Wisconsin spe-

cies ; theyac squirrel found here appears different likewise. The want of un-

varying characteristics by which closely allied species of Sciuridce may be dis-

tinguished is to be lamented ; for after all that has been done by Bachman and
others in this department, it must be admitted that there is yet much confusion

and uncertainty ; we look with hope to the extensive collections Leiug made by
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the Smithsonian Institution for materials that will settle satisfactorily this per-
plexing matter. My son captured a number of insects, among which were
several Papilio ajax ; this species is numerous here, the papaw on which the
larvae feed being abundant.

18th.—Rigged out a team and went on a small branch of the Petite Saline

to fish. After following the stream three or four miles and wading a good deal

in the disagreeable muddy water, we had to return without even seeing a single

fish ; a sorry commencement in Missouri. We saw an abundance of the fol-

lowing species of frogs : Rana pipens, R.fontinalis, R. palustris, R. halecina,

R. sylvatica, and Hylodes gryllus. Shot a Canada goose and a number of
small birds. White-fronted and Canada geese are here remarkably abundant

;

they remain all winter and do much damage to the fall grain ; one field that

we saw, containing twenty acres of wheat, was quite ruined.

19th.—Went to Booneville; on the way we fished in a small brook and caught
several interesting little fish—among them one beautiful species of Etheostoma,
marked with bright blue and red bands.

21st.—Went on the river bottom
; got one parrakeet and a fine little sturgeon

;

caught a garter snake, which had a row of red spots on the side of the neck,
between the scales, such as I never saw before. In the afternoon we visited
" Sa/lie's Branch," a small tributary of the Little Saline ; water muddy and
brackish ; caught but few fish ; among them, however, were two species of

Pomotis that probably will prove new. Wild turkeys plenty ; came near getting

a shot at a fine old gobbler. I obtained to-day a Scotophis alleghaniensis, 11
inches in length, the largest I ever saw ; it was shot while basking in the top of

a large oak, some 50 feet from the ground ; there were two in company, appa-
rently of equal size ; the other escaped by crawling in a hole that was in the tree.

22d.—A black boy brought me a living Alleghany black snake, which we
released near the root of a tree. The serpent, seeing that it was surrounded,

commenced ascending the trunk, but before it got out of reach I pulled it down
and removed it some 15 feet, when I again let it go ; the snake finding itself at

liberty, elevated its head and took a survey of the enemy's position; retreat be-

ing cut off by the crowd of spectators, it started at full speed for the tree, as-

cended to the first horizontal branch, on which it ran out to the extremity, then
elevating its body succeeded in reaching the next branch above, and so on until

it had ascended over the small outer branches to the top. The ease and rapidity

with which this snake climbed the tree proved that such a feat was nothing un-
usual. In this instance the snake evidently took to the tree for the purpose of

escape. This species (Scotophis alleghaniensis) is common among the bluffs

along the Missouri river, in the timber only, while the blue racer (Bascanion
constrictor) was repeatedly found on the prairies a considerable distance from
any timber; hence we infer that the latter is less strictly arboreal in its habits

than the Scotophis alleghaniensis. I obtained here a most beautiful and un-

usually colored specimen of Celuta amczna (1)

;

—also specimens of Leptophis

cestivus. Mr. Judson caught for me, a few days after we left here, an Elaps
fulvus, (perhaps E. tenerus.) Is not this the most northern locality in which
this beautiful southern serpent has been discovered ? Shot a Vermivora penn-
sylvanica and V. solitaria. A few of the advance parties of Sylvicolince begin

to make their appearance.

25th.—Early this morning we went on board the Michigan, a splendid large

"lower river boat," bound for Lexington, distance 125 miles, where we expect

to arrive to-morrow noon.

27th.—We have been three days on the boat and only 75 miles on our way

;

river low; steamer too large; said to be the largest that ever ascended the Mis-

souri; and, judging. from the vexatious detentions on sand-bars, is likely to re-

main the largest.

28th.—Made eighteen miles to-day. Great numbers of geese on the islands,

28 s
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mostly the white-fronted species, here called " blants." Ducks not numerous;
those we saw were mostly wood ducks.

29th.—At Hill's Landing this morning ; took a stroll through the woods while
the boat was being " lightered " over the bar ; found a dead snake, about four

feet in length, such as 1 never saw before ; color above, greenish olive ; beneath,

reddish yellow ; scales on the sides smooth ; those on tbc back slightly cari-

nated. I regret that the head was so bruised and lacerated as to preclude an
examination.

30th.—Reached Lexington in the afternoon, glad enough ; drove directly to

the residence of my brother, J. D. Hoy, esq., who has been for many years a
resident of Missouri. He is to accompany us in all our excursions in Missouri
and Kansas.
May 1st.—Rainy day ; occupied in looking over the specimens from Cooper

county.

3d.—Fished to-day in a small " branch" near the town ; caught only a few
fish. Warblers are not yet abundant; mostly males; the females have not yet
come.

5th.—Drove 12 miles to the Tabo, a miserable, muddy, sluggish, fever and ague
stream. Suckers, catfish, shovel fish, and gars are about the only species that

can live in such villanous water. My son shot a fine male Vermivora protho-
notaria

7th.—Shot a mourning finch, Zonotrichia guerula. Lincoln's finch is a com-
mon species here.

9th.—Started for Utica ; had to return, as the wind was too high for the

ferry-boat to venture.

10th.—This morning we were enabled to cross ; had a charming drive of 40
miles over one of the most beautiful countries I ever saw, mostly high rolling

prairie in a state of nature; much of this rich land still remains subject to entry

at government price. The black-throated bunting is almost the only bird that

inhabits these prairies. Had a spirited chase after a blue racer, which finally

made good its escape by crawling into a "gopher mound." Night overtook us
before i-eaching Utica. We accepted an invitation to remain until morning with
Colonel Gregory, a gentleman of wealth, formerly from North Carolina.

11th.—At an early hour we arrived at Utica, a small thriving village pleasantly

situated near the forks of North Grand river, in Livingston county, directly on
the line of Hannibal and St. Joseph railroad, now in course of construction.

12th.—Fished with the minnow net in Grand river below the mill ; caught

great numbers of interesting specimens. Shot a Nerodia transversa, a rare

species of water-snake, heretofore only found in Arkansas ; it was basking on
some drift-wood when it was discovered by one of the ladies of our party, who
was wonderfully frightened, while I was greatly delighted. Such is education

that an object of fear, and even disgust, may be converted into a source of

delight, capable of exciting pleasurable and profitable reflections, thereby open-

ing new sources of rational enjoyment, one of the highest aims of education.

13th.—Crossed the river and drove to Chillicothe. Shot many birds, among
them a mourning finch; there were 15 or 20 in company, but it being near night

I only obtained a single specimen. The warblers are now here in their greatest

numbers ; it is remarkable that there is so little difference in the first appear-

ance of migratory birds here and at Racine, Wisconsin—certainly not more than

three days at most, while vegetation here is not less than three weeks in advance
of Racine. Made ax-rangements to have a large seine drawn in the river to-mor-

row.

14th.—Rained all last night, which puts an end to our fishing here ; this I

greatly regret, for there are several species of fish I am exceedingly anxious to

obtain, especially one species of salmo (?) called here salmon trout, a short-

billed gar, and the padde fish, which are represented as being abundant. Grand
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river is the first stream we have seen iu Missouri that is tolerably well supplied

with fish. A lad caught ou a hook to-day a catfish weighing 136 pounds.

Skinned a fine old gobbler shot by a friend ; wild turkeys are plenty in the

vicinity.

16th.—Went on the extensive "bottoms" of Grand river, so celebrated for

rich land and heavy timber ; we found th« principal forest trees to be black wal-

nut, burr oak, cottonwood, sycamore, hackberry, shagbark hickory, pecan,

coffee bean, honey locust, and black birch, all of which grow to an unusually

large size. We measured the trunk of a pecan, Carya oUvceformis, that was
13 feet in circumference, and held this size for at least 50 feet. Parrakeets are

abundant J^bout the large sycamores, Platanus occidentalis, in the hollows of

which they roost and nest. Here we found the liome of the Trichas Philadel-

phia, a locality where this bird is common; they frequent localities covered

with dense underbrush overrun with climbing roses and honeysuckles. Here,

too, in the same localities, is found the Kentucky warbler m great abundance; I

spent considerable time watching these active, restless little songsters, and I

must confess my surprise that any naturalist who had an opportunity of observ-

ing the behavior of these birds, especially during their nuptial season, should

hesitate a moment in placing them among the ground warblers. They live and
nest in the underbrush, the male occasionally hopping upon a low branch of a

tree to pour fnrth his whitteshee, whitteshee, repeated two or three times, then

again disappearing in the tangled brush. This song is so precisely like that of

the yellow-throat that it requires a practiced ear to distinguish the one from the

other. I listened to the song of the Trichas Philadelphia, T. marylandica, and

T.formosa, at the sam? time, and found them wonderfully alike ; the song of the

T. Philadelphia differing more than the Kentucky warbler's from that of the

Maryland yellow-throat, ihe color, the rounded tail, destitute of the white

marking constantly found on the lateral feathers of the true sylvicolas, the

flesh-colored feet and legs, all combine to establish the Kentucky warbler in the

genus Trichas. Specimens of Vermivora solitaria are common here ; they keep

much on the tops of trees ; their song, zee-z-z-zee, resembles closely that of

the Vermivora chrysoptera.

17th.—Went hunting salamanders ; turned over a "world" of old logs, but

found none. Is it not strange that we did not find a single specimen of this

animal in all our travels, notwithstanding we hunted diligently in every favora-

ble locality? Shot two woodchucks, Arctoimjs monax, as they were running full

chase through the woods. There is here a " gray prairie squirrel," Spennophilus ;

we did not obtain a specimen.

18th.—Started on our return to Lexington ; drove 29 miles, and put up with

the Rev. Mr. Grover, an intelligent, energetic " planter." He gave me much
information respecting the habits of the " gopher," Geomys, which are greatly

abundant here. On the prairie we passed at no great distance from a pair of

cranes, Gj-us canadensis. My brother waved his hat and shouted to them two

or three times, when the male bird commenced, by bowing and hopping in a

ludicrous manner,—a series of amusing antics, interluded with brief samples of

vocal powers that made ample compensation in strength for any lack of melody.

19th.—Early this morning, in company with the Rev. Mr. G rover, went a

short distance on the prairies to kill " gopher," but were disappointed in not

getting a shot. Arrived at Lexington iu the afternoon ; we halted on the road

to pick ripe wild strawberries.

24th.—Went six miles above Lexington to fish in the Sny ; caught but little.

A person accustomed to the beautiful clear streams of Wisconsin, literally filled

with fish, experiences great disappointment iu visiting the muddy saline streams

of Missouri. We got a fine old "timber rattlesnake," Crotalus durissus. If I

mistake not, it is generally believed this snake will not take food while in captivity.

Mr. S. Sercomb, at Madison, Wisconsin, has succeeded in feeding his "pet rat-
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tlesnakos" with Ilrifig birJx, which they kill aud swallow readily ; thoy will

not touch frogs, or even dead birds.

2oth.—This .tt'ternoon J D. Uoy, my sou, aud I started iu a two-horse carriage

to visit the head-waters of the Osage river. Drove twelve miles through a well

cultivated rich herap-growiug section, and put up with Willivara Hooks, a whole-

souled Mi^souriau, /wi/.tc aud //cart open. Caught two rare little frogs.

26th.—Travelled to-day through the rain ; luckily it cle^u'ed away just long
enough for us to get a good view of the great eclipse. Near Chapel Hill, iu

a dense thicket of thorns, I first heard that charming little songster Vt/ro heUii.

I had much difficulty iu procuring specimens, for the restless litth- birds kept
flitting from oue point to another continually, all the while warbling forth their

agreeable song. From this point south we heard this bird repeatedly. Put up
during th'^ night at Pleasant Hill, Jackson county.

27th.—This morning we went four miles to witness the drawing of a seine in

the north ftu-k of Grand river. Obtained several interesting tish. and a tine lot

of terrapins, embracing six species. Here we saw the rose bug, Mei'lontha sub-

sj)i/iosa, in immense numbers, the willows being literally stripped of everything

green by these pests of the agriculturist. In the afternoon we drove directly

south over the prairie ; stopped on Elm creek to lish. While engaged iu the

stream a number of our terrapins took to their legs aud made good th'ir escape;

to our sorrow three of the species left no representatives to be forwarded to the

Smithsonian Institution. Here we caught a species of Astacu^ different from any
I ever before saw. Put up at Dr. ^Maxwell's, three miles north of Harrisonville,

Cass county, formerly Van Buren county;) iu the evening I shot a Vespertilio

ncrehoracensis.

2Sth.—Remained with the doctor. I caught a straw-colored snake unknown
to me. We learned here that there are two species of "prairie squirrels'' in-

habiting the prairies in the vicinity—oue grai/, the other red, called " prairie fox

squirrel;" we did not get specimens.

29th.—Rain, rain—continual rain ! We hold a council of war, and decided

that the water in the streams was so high that it would be impossible tor us to

proceed on our contemplated route to the Little Osage, then down, ria Osceola

and Warsaw, to Versailles. Being thus headed off, we concluded to strike south-

west into Kansas. We crossed th-^ main Grand river at a mill, where I was told

bats inhabited the <>ld frame. After a deal of punching about the angles of the

braces, I dislodged an old acquaintance— Vespertilio subulatus. There is a larger

species inhabiting the woods here, with "prodigiously long ears," called mule
bat. This is the most northern point I heard of them. They are abundant
about Osceola, St. Clair county. From this we drove for twenty-tive miles over

a delightful prairie, covered with beautiful wild flowers, among which tlie gay-

colored Phlox glaberimum was particularly conspicuous. We drove by Jirection,

i-egardless of roads. I was many times apprehensive we should get into trouble;

but my brother's practiced eye never failed to pilot us to the desired point. We
reached the residence of 3Ir. Clymer. near the State line, late iu the afternoon.

30th.—Drove directly west six miles into Kansas, until we came to Sugar
river, a branch oi the Marie des Cygne. The land on this beautiful stream is

of a superior quality, and the fine sugar-maple groves gave a homelike appear-

ance to the landscape. We caught a number of dsh, uotNvithstandiug the stream

was rather large and flushed by the recent rains for our small nets to do good
service. We were told this stream was celebrated for the large number of line

fish its waters afford. Turkeys aud deer were abundant. We ate our lunch

under the ample shade of a sugar maple, cheered by the song of a mocking bird

and a Vireo bellii. From Sugar river we drove directly north, on the old military

trail, which leads over a well-watered, rich section of country. On the way I

saw the only prairie reed-bird [Dolichonijx bicolor) I ever met. I followed it, in

full chase, under a hot sun, at least two miles before I shot it. Although greatly
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fatigued, I was well satisfied at my final success in obtaining the much-coveted
bird. Arrived in the evening at Poge's, on the line, thirty miles from Clymer's

—

the first house we have seen since morning. We saw in several places where
the prairie wolves had recently been digging burrows in the gopher mounds.
At the time, I supposed they were after the gopher, but was informed by our
host that they were digging these burrows for the purpose of concealing their

whelps. A few days since there were two badgers caught in this neighborhood.
31st.—Heavy rain all night, accompanied with much lightning and thunder.

The storm made our otherwise uncomfortable quarters still more unpleasant.
Cranes are osly found here during fall and early spring, when vast flocks fre-

quently visit this locality. Poge told us he shot two tliat diff.-red much from
the common species, the head being covered entirely with feathers, instead of
the bare red skin always found on the common species. One of these was so
slightly wounded that they kept it alive for some time. When angry it would
erect the feathers on the crown. These were in all probability the Gru.s hoijaaus,

a new species recently found in Wisconsin. From Poge's we struck a bee-line

for Independence. The heavy rains have swelled every little rivulet into almost
an impassable stream.

June 1st.—Put up last night at Independence. Started at an early hour for

Lexington. I succeeded to-day in shooting a Geomys lursariu.s while he was
unloading his sacks at the mouth of his hole—the first I have been able to ob-
tain, notwithstanding we have been continually where their works were abundant.
As a natural history item, I record the measurement we took to-day of the
"Missouri giant ox," raised by II. S. Bellos, of Rochester, Andrews county,
Missouri: Length from elbow to top of withers, 3J feet; from knee to point of
shoulder, 3 feet; heel to point of hip, 4^ feet; from brisket to top of shoulder,

5 feet; around the knee, 22 inches; height, 19 hands, (6 feet 4 inches;) length
from point of nose to insertion of tail, 12 feet; age, 6 years; color, red; breed,

native. We saw the skins of two beavers that had been recently caught on an
island in the Missouri river, ten miles above Lexington. We had intended to

visit the spot to view their recent works, which were represented as being a
great curiosity. Arrived at Lexington in the evening. This day is the first

that it has failed to rain since we left. In our absence Mrs. Hoy caught a
second red-marked garter-snake.

2d.—Occupied in packing and forwarding our collection to the Smithsonian
Institution, our expedition being brought to a close.

4th.—Started home, where we arrived after a rapid and pleasant journey by
way of Ohio.

The following list embraces all the species of birds observed by me in western
Missouri

:

A list of birds noticed in Western Missouri, above Boonville, betiveen April 16

and June 15, 1854.

Cathartes aura.

Halisetus leucocephalus.
Pandiou haliaetus.

Falco auatum.
Tinnunculus sparverius.

Astur atricapillus.

Accipiter fuscus.

Accipiter cooperii.

Buteo borealis.

Buteo lineatu.s.

Archibuteo sancti johannis.
Nauclerus luicatus.

Circus hudsonius.
Bubo virgin! anus.

Syrnium nebulosum. ,

AntrostomiLS vociforus.

Cliordeiles virginianus.

Progne purpurea.
Cotyle riparia.

Cbaetura pelasgia.

Ce.ryle alcyon.

Lanius ludovicianus.

Tyrannus intrei)i<Jus.

Tyrannus criuitus.

Tyranuula vireus.

Tyranuula fusca.

Tyranuula acadica.

Setophaga ruticiila.

Setophaga wilsonii.

Culicivora cserulea.

Vireo flavifrons.

Vireo solitarius.

Vireo gilvus.

Viroo bellii.

Vireo olivaceus.

Icteria viridis.

Mimus polyglottus.

Mimus rufus.

Mimus felivux.

Turdus migratorius.
Turdus mustelinus.
Turdus wilsonii.

Sciurus aurocapillus.

Sylvicola coronata.

Sylvicola petechia.
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Sylvicola sestiva.

Sylvicola maculosa.
Sylvicola virens.

Sylvicola blackburuia;.

Sylvicola iclerocephala.

Sylvicola castanea.

Sylvicola striata.

Sylvicola auicricaua.

Sylvicola cauadensis.

Sylvicola ctei'iilea.

Tiicbas (Sj'lvicola) formosa.

Triclias marylandica.
Trichas Philadelphia.

Verniivora penu.sylvanica.

Vermivora peregrina.

Vermivora solitaria.

Vemiivora protonotarius.

Troglodytes sedou.

Troglodytes hyemalis.

Troglodytes ludovicianus.

Regulus calendula.

Regulus satrapa.

Sialia wilsonii.

Certhia auiericana.

Sitta carolinensis.

Parus atricapillus.

Parus scpteutrionalis.(?)

Lophophaues bicolor.

Bombycilla americana.
Zonotrichia iliaca.

Zonotrichia inelodia.

Zouotrichia ])eunsylvanica.

Zouotrichia leucophrys.
Zonotrichia passerina.

Zonotrichia pusilla.

Zonotrichia socialis.

Zonotrichia savanna.
Zouotrichia lincolnii.

Chrysoniitris tristis.

Choudestes grammacea.
Euspiza americana.
Spiza cyanca.
Pitylus cardinalis.

Cocoborus ludovicianus.
Pyrauga rubra.

Pyranga aestiva.

Sturnella ludoviciana.
Yphauti's baltimore.

Yphautes spurius.

Dolichonyx oryzivora.
Dolichouj-x bicolor.

Molothrus pecoris.

Agclaius phoeniceus.

Quiscalus versicolor.

Cj'anoeorax cristatus.

Corvus americanus.
Corv'us corax.

Trochilus colubris.

Picus pileatus.

Dendrocopus villosus.

Dendrocopus pubescens.
Dendrocopus varius.

Mehmerpes erythrocephalus.

Colaptcs iiuratus.

Ceuturus carolinus.

Coccyzus americanus.
Coccyzus erythrophthalmus.
Couurus carolinensis.

Ectopistes carolinensis.

Meleagris gallopavo.
Ortyx virgiuana.

Bouasa umbellus.

Tetrao cupido.

Rallus elcgans.

Rallus virginianus. v

Grus cauadensis.

Ardea herodias.

Botaurus leutiginosus.

Ardeola oxilis.

Charadrius marmoratus.
Charadrius vocilerus.

Tringa pictoralis.

Triuga maritima.
Tringa pusilla.

Totauus vocilerus.

Totauus flavipes.

Totanus solitarius.

Totauus macularius.
Totanus bartramius.
Numenius longrirostris.

Limosa fedoa.

Anser canadensis.

Auser albifeous.

Anas clypeata.

Anas boschas.
Anas strepera.

Querquedula discors.

Querquedula carolinensis.

Dendroncssa sponsa.
Fuligula niarila.

Fuligula ruHtorques.

Clangula albeola.

Mergus merganser.
Mergus cuculatus.

Sterna nigra.

Colymbus glacialis.

Podiceps cornutus.

Podiceps cristatus.
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SURFACE.

English value.

1.1960 square yard.
Centiare, (lOOtli of an are, or a square

metre)

Are, (square decametre aud uuit of

surface) 119.6033 square yards, or 0.0247 acre.

Decare, (10 ares) 1,196.033 square yards, or 0.2474 acre.

Hectare, (100 ares) 11,960.33 square yards, or 2.4736 acres.

CAPACITY.

Millilitre, (l,000tli of a litre, or cubic

centimetre)

Centilitre, (100th of a litre)

Decilitre, (lOtli of a litre)

Litre, (cubic decimetre aud uuit of

capacity)

Decalitre, (10 litres)

Hectolitre, (100 litres)

Kilolitre, (1,000 litres, or cubic metre)

Myrialitre, (10,000 litres)

0.06103 cubic incb.

0.61027 cubic incb.

6.10270 cubic inches.

610.2705 cubic inches, or 2.2010 galls.

61.02705 cubic inches, or 1.7608 pt.

3.53166 cubic feet, or 22.0097 galls.

35.31658 cubic feet, or 220.0967 galls.

353.1658 cubic feet, or 2,200.9667 galls.

Decistere, (10th of a stere) 3.5317 cubic feet.

Stere, (cubic metre) 35.3166 cubic feet.

Decastere, (10 steres) 353.1658 cubic feet.

WEIGHT.

Milligramme, (1,000th of a gramme)
Centigramme, (100th of a gramme)

.

Decigramme, (10th of a gramme)
Gramme, (unit of weight)

Decagramme, (10 grammes) . .

.

Hectogramme, (100 grammes)..

Kilogramme, (1,000 grammes) .

.

Myriagramme, (10,000 grammes)

0.0154 grain.

0.1544 grain.

1.5440 grain.

15.44 grains.

154.4 grains.

1,544 grains, 3.2167 oz. troy, or 3.5291

oz. avoirdupois.
32i oz. troy, or 2.2057 lbs. avoirdupois.

32 1| oz. troy, or 22.057 lbs. avoirdupois.

Value of millimetres in English inches.

Millimetres.
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Table for the conversion of degrees of Centigrade thermometers into those of
FahrcnheiVs scale.

Cent.
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The following table embraces the latest and most accurate equivalents, as

accepted by Will, in the Jahreslerlcht Jur Chemie, for 1863 :

Table of chemical equivalents of the sixty-three elements.

Oxygen =8.

Aluminum . .

.

Antimony
Arsenic
Barium
Bismuth
Boron
Bromine

Carbon

Cadmium
Caesium
Calcium
Cerium
Chlorine
Chromium
Cobalt
Copper
Diarium
Didjmium
Fluorine
Gold

Glucinum

Iodine
Iron
Indium
Iridium
Lanthanum .

.

Lead
Lithium
Magnesium...
Manganese . .

.

Mercury

Molybdenum
Nickel
Niobium
Nitrorrcn

Al. ..

Sb. ..

As...
Ba...
Bi- ..

B....
Br. ..

C . . .

.

Cd.
Cs.
Ca .

Ce.
CI.
Cr.
Co.
Cu.
Di.
D..
Fl.
Au.

Gl. .

I....
Fe. .

In. .

Ir...

La .

.

Pb..
Li. .

Mg..
Mn..
Hg..

Mo.,
Ni. ,

Kb.
N...

13.7
V22
75
68.5
210
10.9
80
6
12
50
133
20
46
35.5
26.1
29.4
31.7

47.

19
197

4.

7.

127
28

99
46.

103.

7

12
27.

100
200
48
29.

48.

14

Norium
Osmium

Oxygen

Palladium..
Phosphorus
Platinum .

.

Potassium .

Rhodium—
Rubidium ..

Ruthenium.

Sulphur .

Selenium
Silver

Silicium

Sodium . .

.

Strontium

.

Tantalum

.

Tellurium

.

Thallium .

Thorium

Titanium
Uranium
Vanadium
Wasium (?)

Wolfram

Yttrium

Zinc

Zirconium.

Th.

Ti..

U..
V.-
Ws.
W-
W.
Y ..

Zn-
%~.

Zr .

99.6
8
16
53.3
31
98. T
39
52.2
85.4
52.2
16
32
39.7
108
143

21*

285

23
43.8
68.88

64
204
59. 16''

57. 86^

118.38
115.78

25
60
68.6

929

153. 2810

ilf glucine=G10.
3 If glucine =G1.2 O3.
311" silicic acid =Si O3.

4If =Si03.
6 If it =Si02.

6 If tantalic acid =Ta Oa.
7 If thoria =Th O.
8 If it =ThO,.
'' If tungstic acid=Wo O3.

10 If it =Vo O5.

"If zirconia ^Zr O.
12 If it =Zr.>03.
»'If it =ZrOa.
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