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PEOCEEDTNaS OF THE BOARD OF REGENTS

At thk Annum: Mektinc, January 24. \'.hh).

Ill accordaiK'O with the resohition of the l^oard of Reo-ents, adopted

Jaiuiai V 8, 1890, by which its stated annual meeting occurs on the

fourth Wednesday of January, the Board met to-day at 10 o'clock a. m.

Present: The Chancellor (Mr. Chief Justice Fulhu-), in the chiur; the

Hon. W. P. Frye, President j)ro tempore of the Senate, who was

present by invitation of the lleocnts in ])lace of the late Vice-President

Ho])art; the Hon. S. M. Cullom, the Hon. O. H. Piatt, the Hon. K. R.

Hitt, the Hon. Robert Adams, jr., the Hon. Hugh A. Dinsmore, Dr.

James R. Angell, the Hon. J. B. Henderson. Dr. Alexander Graliam

Bell, and the Secn^tary, ]\Ir. 8. P. Laiigley.

The Secretary said that while he had no excuses for non-attendance

to read he might static that Dr. Wilson had left so recently for Arizona

that there had been scarcely time to hear from him, and that the

appointment of Mr. Richard Olney as a Regent by joint resolution of

Congress was still awaiting the l^resident's signature.

At the ChanccUor's suggestion, the Secretary read the mimites of

the last animal meeting in a))stract, and there l)eing no objection (he

minutes were declared approved.

The Secretary announced the death of Dr. \\'illiam Pr(>ston ,b)hn-

ston, a Regent of the Institution, with a few remarks, and, at the

request of the Chancellor, Dr. Angell submitted a minute and reso-

lutions, which will l)e found under the heading *" Netn'ology/ on

page 47 of the report of the Secretarv.

On motion, the minute and resolutions were adopted by a rising

vote, with the provision that they lie suitably engrossed and trans-

mitted to the famih' of Dr. Johnston.

The death was announced of Vice-President Garret A. Hol)art, a

Regent of the Institution, and Senator Piatt was designated tt) submit

a minute and resolutions. These will be found under the heading

"Necrology," on page 49 of the Secretary's Report.

On motion, the minute and resolutions were adopted liy a rising

vote, with the provision that they be suitably engrossed and trans-

mitted to the family of Vice-President Hobart.
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The Secretary then read a letter from Mr. James S. Morrill,

rcturniiio- his thanks to the Regents for the resolutions concerning

Senator Morrill, his father, passed by the Regents at their last meeting.

The Secretary then announced the appointment of the following

Regents:

Senator William P. Frye, President pro tempore of the Senate,

requested to be present in the place of the Vice-President, deceased.

Senator William Lindsay, appointed March 3, 1899, to succeed

Senator George (Tra3^

Representative R. R. Hitt, appointed January 4, 1900, to succeed

himself.

Representative Robert Adams, jr., appointed January 4, 1900, to

succeed himself.

Representative Hugh A. Dinsmore, appointed January !, 1900, to

succeed Representative Joseph Wheeler.

The Secretary then presented his annual report to June 30, 1899,

stating that customaril}^ the Secretary made a personal and viva voce

report in a manner which enabled the Regents to question him on any

points on which they wished information, but that now, by the advice

of the Chancellor, as there would probably be scarcely time for later

special business, he would do little moi-e than refer the members to his

printed report, which the}" had already received.

He then spoke of the fact that while the Institution was never so

well known abroad or more honored than now the enormous increase

of endowments of most institutions of learning in this country left it

with relatively far less means than it once had. With the exception of

$200,000 from Mr. Hodgkins its fund was now practically what it vi^as

fifty years ago, and he urged that its future independence and useful-

ness were concerned in its being able in some way to command such

added means as would leave the Regents with a free disposition of a

larger fund than at present and one absolutely under their own control.

He had intended to ask the Board to use part of the time at their dis-

posal at this meeting in discussing the question and in advising him as

to their Avishes upon this point, which he had thought l)etter not to

enlarge upon in his printed report. Under the circunistances ho would
not press the matter now, but he hoped that what he said might receive

the consideration of the Regents as a part of his report.

On niotion the Secretary's report was accepted.

Senator Henderson then presented the report of the Executive Com-
mittee to June 30, 18!»1>, which, on motion, was adopted.

Senator Henderson then presented the customary resolution relative

to income and expendituro, as follows:

Resolved, Tliiit tlie income oi" the Institution for the fiscal year ending June 30,

1901, be ai)pro])riate(l for the service of the Institution, to be expended by the Secre-
tary with tlie advicre of tlie Executive Committee, witli full discretion on the part of

the Secretary as to items.
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On motion the resolution was adopted.

Senator Henderson, chairman of the Permanent Committee, then

reported upon the condition of the Hodgkins and Avery estates, stat-

ing- that there remained in the hands of the executor of Mr. Hodj^kins's

will the sum of nearly $9,000, which would have l>een paid over some
time before to the Institution but for the fact that notice had been

served on the executor to retain money sufficient to meet possible

litigation.

Senator Henderson also referred to the conditional liecjuest of Wal-

lace C. Andrews, who died in April, 18l>9, and who, after disposing of

half a million dollars of his large property, gave the residue of his

estate to trustees for the purpose of establishing an institution for the

free education of girls, stating at the close of his will that in case his

intention with respect to the institution for girls "'shall, because of

illegalit}^ become impossible of realization, I then devise and bequeath

the sum intended for it to the Smithsonian Institution at Washington,

D. C, to be devoted for the purpose for which it was established.'"

The terms of this will had been studied, with a view of ascertain-

ing whether the gift was valid under the laws of New York, with special

reference to perpetuit.y. As yet no defect had ))een discovered. The
will had been drawn with great care, evidently by some one thoroughly

cognizant with the law.

If Mr. Andrews's estate were a little more than $500,000, the sur-

plus would not suffice to carry out the plan of the institution for girls.

In that event, this surplus would come to the Smithsonian Institution.

As yet, the permanent committee had not been informed how largo the

estate was.

KIDDER BEQUEST.

The Secretary stated that he would like to bring before the attention

of the Board, briefly, the matter of the Kidder Bequest of |5,000.

This bequest had already been placed on the same footing by the

Board with a similar sum given as a donation by Dr. Alexander Gra-

ham Bell, both being put at the disposal of the Secretary. Dr.

Bell was here and able to explain the meaning of his gift, but Dr.

Kidder was so no longer, and the Secretarf felt a scruple a])out using

this money for scientific researches in which he might be the principal

agent without being sure that the Regents understood exactly the

conditions in question.

In order that there should be a thorough understanding al)out the

matter, he would ask Dr. Bell to make a statement of the facts.

Dr. Bell said that previous to the appointment of Mr. Langley as

Secretary, Professor Baird had been afraid that the Secretary of

the Smithsonian might Ijecome a purel}" administrative officer, with-

out time or means for scientific investigation, and Secretary Langley



XIV PROCEEDINGS OF THE BOARD OF REGENTS.

liiul, ill fiu-t, doc'liiu'd to accept the position if he were wholly inhibited

from currying- on origintd researches. After conference. Dr. Kidder

and himself (Dr. Bell) had ag-reed then, at the suggestion of Dr. Baird,

to place a certain sum of money at the present Secretary's disposal

for scientific investigations. The amount which he (Dr. Bell) gave

had been g'iven b}" him to be devoted for any purpose to which Secre-

tary Langle}^ might wish to put it in his reseaches, and he felt sure

that such use Avould be entirely consonant with the wish of Dr.

Kidder.

Dr. Bell then offered the following resolution:

AVherea.«, at the iiieeting of the Board of Regents held January 27, 1892, the fol-

lowing resolution was jiassetl:

"That Congress having appropriated $10,000 for the maintenance of an astrophys-

ical observatory, without reference to any precedent condition of buildings to be

furnished by the Smithsonian Institution, that the Secretary be authorized to expend,

under the general resolution relative to income and expenditure, the sum of $5,000

bequeathed by Dr. J. H. Kidder, and $5,000 given by Alexander Graham Bell, in

directions consonant with the known wishes of the testator and the donor."

Resolved, That to prevent any misconception as to the meaning of this resolution

the Board of Regents declare that it was their intent that the sum of $5,000, received

from the estate of Dr. J .H. Kidder, be placed at the disposal of the Secretary for his

personal scientific investigations.

After some further discussion, on motion the resolution was adopted.

THE SECKETAKY's STATEMENT.

The Secretar}" then said that, owing to the evident limitations of time

at the Board's dispostd, he would a))ridge his usual statement to it.

He spoke briefly of the National Museum, of the cooperation of the

State, AVar, and Navy Departments in providing animals for the

National Zoological Park, and of the relationship of the Institution to

the Board of Ordnance and Fortifications.

In regard to this last he said that it was a matter on which he would

state to the Regents that his connection with experiments, which had

already their sanction, was being continued on the request of the Wai'

Department, and reminded them that it was estimated that these

experiments would occupv, even if crowned with unexpectedly early

success, two or more 3"ears. The sum allotted by the War Depart-

ment would ]>e insufficient to carry out this work were it not for the

permission of the Regents already g'iven to make use of the facilities

in the workshops under their control, though at the cost of the War
Department. The Secretary was giving his time in his private hours,

apart from his official duties, to this work, and without charge.

The Secretary then spoke of the Hodgkins Fund, of the awarding

of the medal to Prof. James Dewar, of the coming solar eclipse of

Ma\^ 28, IDOi), and of the pro))a))ility of an appropriation by Con-
gress for this purpose.
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In regard to the civil service the Secretary .said:

The Board will remember that at its meeting held in 1898 the Regents passed a

resolution instructing the Secretary to request of the President certain nioditications

in the civil-service regulations, and at its meeting last year the Board was informed

that the Chancellor, together with the Secretary, had called upon the President,

who stated that he was holding the matter under advisement. As a result of this

action, I beg to report that in the President's order of May 29, 1899, directing cer-

tain modifications and additions to the civil-service rules, the position of a.ssi.stant

secretary of the Smithsonian Institution in charge of the National Museum and one

private secretary or confidential clerk to the Secretary of the Institution were relieved

from examination; that for jwsitions on the scientific staff of the Institution non-

competitive examinations are iiermitted, or examinations may even be waived, pro-

vided the President approve of such action in each case, persons thus entering the

service being not eligible to transfer to other divisions of the classified service.

Continuing his statement the Secretary briefly mentioned the sub-

jects of the National Reserves, the International Catalogue of Scientific

Literature, and the Centennial Celebration of Professor Henr^^'s ])irth,

as well as the relinquishment of the Toner Lecture Fiuid.

The Secretary then called attention to a second gift to the Institution

from the late Chinese minister, Chang Yen Hoon, of an interesting

])ronze piece of great antiquity, which was shown to the Regents. On
motion, the Secretary was requested to make a proper acknowledgment

'•by direction of the Board."

NATIONAL UNIVKUSITY.

Senator Henderson then presented the following report of the

Special Connuittee:

Washington, D. C, Jdimari/ ,.'4, l.'/OO.

To ilw Board of Reyeuls:

In July, 1897, a meeting of the American Association of Agricultural Colleges and

Experiment Stations was held in Minneapolis, Minnesota, at which meeting the fol-

lowing resolution was adopted:

"AVsoZrcf/, That a committee of five be ajjpointed by the President to investigate,

to consider, and, if practicable, devise a plan whereby graduate students of the land-

grant and other colleges may have access to, and the use of, the Congressional Library

and the collections in the Smithsonian Institution, the National Museum, and the

scientific bureaus of the various departments at Washington of the United States (lov-

ernment, for the purposes of study and research; said plan to include suggestions as

to the manner in which such work may be organized, coordinated, and directed to

the best advantage; the composition and organization of such a staff as may be neces-

sary to properly coordinate and direct such work, and also an outline of such legisla-

tion as may be necessary to effect the general jiurposes of this resolution."

This committee seems to have made diligent inquiries into the subjects suljmitted

to its investigation, and in the autumn of 1898 presented a full and interesting report

of its labors to the Association.

A brief extract from that report is as follows:

"The inquiries and investigations so far made lead the committee to the conclusion

that it is entirely practical)le to provide for the use of the Library of Congress and the

collections of the Smithsonian Institution, the National Museum, and of the various

scientific and other bureaus in the several departments of the General Government,
by graduate students of the land-grant and other colleges for study and research, and
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that it is also practicable to organize, coordinate, and direct such work as to make it

eminently effective.

"The committee has been greatly desirous that some existing agency be found to

undertake such work of organization, coordination, and direction, and has naturally

turned to the Smithsonian Institution as the one best fitted for the purpose.

"Each of its great secretaries—Henry, Baird, and Langley—in the language of

President Oilman, ' has been free and has felt free to open new roads and enter fresh

fields when the public good required it.'

"The permanence of its organization, its objects, and purposes, as expressed in the

will of its founder, viz, ' the increase and diffusion of knowledge among men; ' the fact

that it has nobly performed and is still nobly performing many of the functions

incident to the proposed scheme of graduate study and research, by the encourage-

ment of investigation and research, the study of local history and archaeology, and

the founding of libraries and museums; its broad catholicity and its freedom from

partisan influences, have led the committee to hope that it might feel free to take

the work in hand.

"It already has all the officers and agents for its successful general control, and to

them could wisely be left the selection of such additional officers and agents as might

be necessary to direct the details of successful administration. It could wisely con-

trol and direct the application of all funds appropriated or donated for its support.

"The committee has thought that, i^erhaps, the Secretary and Eegents might not

look favorably upon the idea of constituting the Smithsonian the i^ermanent agent

for the control and direction of such graduate work, but that they might be willing

to take the initiative in its organization and direction, and when a successful plan

was fully developed, might generously relinquish its control to a separate and inde-

pendent management, such as experience might suggest to be more wise and effective,

as it did under Henry in the case of the Weather Bureau, under Baird in the cases of

the National INIuseum, the Fish Commission, and the Bureau of P'thnology, and as it

has done under Langley in the cases of the Astrophysical 01)servatory and the

National Zoological Park.

"Any positive recommendation as to the agency for the organization, coordination,

and direction of the proposed graduate work, and any detailed plan of organization,

are therefore held in abeyance.

"The committee is unable, at the present time, to present a complete outline of

the legislation necessary to effect the general purposes of the resolution.

"It submits tentatively, however, that Congress might be asked to provide for the

establishment of an administrative office in Washington, preferably in the Smith-

sonian Institution, in which graduate students of the institutions we represent, and
others as well, might be enrolled and directed to the appropriate department.

"To maintain this office, pay the expenses of administration, support graduate

courses of research, freely open to the graduate students of the land-grant and other

colleges without distinction, sex, or color, on such terms as the administrative office

should prescribe, and to aid such students in their researches. Congress might be

asked to make an appropriation of, say, $25,000, to be increased annually $1,000, to

be expended under the discretion of the institution or department in which the office

of administration may l)e located."

It ap])earK that this report of its conunittee was unanimously adopted l)y the Asso-

ciation, and its secretary, Mr. MacLean, under date of December 16, 1898, communi-
cated to Mr. Langley, as Secretary of the Smithsonian Institution, a full report of

the proceedings of the Association on the subject. A short extract from Mr. Mac-
Lean's letter will best explain the object and purpose of the communication. It is

aafollow's:

"The committee have resolved respectfully to ask you and through you the

Regents of the Smithsonian Institution to consider the action of the Association, and
in particular, the matter of the report on pages xviii, xix.
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"The coininittee further earnestly request you and the Regents of the Smithsonian

to intimate to us if the Institution would accede to what is the first prefereiace of all

the educators who have been consulted—the establishment of an administrative

office in the hands of the Regents and Secretary of the Smithsonian Institution. If

the Regents will consider the proposition, the committee would like to have the

Regents exercise full power as to the entire plans for the organization of said admin-

istrative office. In case of favorable consideration, the committee would be glad to

know what steps the committee snould take further. It is desired to introduce a

bill before the close of the present session of Congress for the authority and petty

funds needed in the organization of the work. The committee would be glad to

answer any inquiries that you or the Regents would like to make. It is believed

that the scope of the work is set forth in the report.
'

' The committee regret to trouble you among the multifarious affairs ever waiting

ujion you, but they feel confident that you and the Regents have an interest in the

matter so important for education and the diffusion of knowledge as that proposed

by the representative and National Association for whom the committee speak.

"Would it be too much to ask if, in your first acknowledgment of the receipt of

the document submitted, you will let me know when the Regents are likely to con-

sider the subject? The committee heartily hope for a favorable consideration and
are sensible of the grace begged of yourself and the Regents."

This letter of Mr. MacLean, with the accompanying papers, was, at its last January

meeting, laid before the Board of Regents by Secretary Langley; whereujion the

papers were referred by the Board to a conunittee of five of its members under direc-

tion of the following resolution:

"Resolved, That the communication from the committee representing the agricul-

tural colleges of the United States be referred to a committee of Regents to be

appointed by the Chancellor, to consider the same and all kindred questions, and to

make a report thereon at the next meeting of the Board."

The Chancellor appointed the Executive tbmmittee consisting of J. B. Henderson,

William L. Wilson, and Alexander Graham Bell, and also J. B. Angell and R. R.

Hitt. T>^e Secretary, at his own request, was not made a member of the committee.

And now your committee comes and takes pleasure in reporting such facis as it has

Vjeen able to gather for the information of the Board of Regents.

In the judgment of this committee, it was deemed necessary at the threshold of

the investigations to ascertain with a greater degree of certainty the details of such

plan as might be suggested and formulated 1)}' the associated colleges for the accom-

plishment of their wishes. For that purpose, therefore, a joint meeting of this com-

mittee with that of the colleges was recently held, in which the subject was discussed

with commendable frankness and freedom. A record of the action of this joint

meeting was preserved, and its official proceedings will probably best convey to your

minds the extent and bearing of the questions involved in the proposition of the

associated colleges. These proceedings are as follows:

A joint iueeting of the Committees on Graduate Study of the Regents of the Smith-

sonian Institution and of the American Association of Agricultural Colleges and
Experiment Stations was held December 27, 1899, in Washington, D. C, at the

residence of Mr. J. B. Henderson, at his invitation. There were present of the

Regents, Messrs. J. B. Henderson, A. Graham Bell, and R. R. Hitt; of the Associa-

tion, M. H. Buckham, president of the University of Vermont; H. H. Goodell,

president of the Massachusetts Agricultural College; Alexis Cope, secretary of Ohio
State University; J. H. Washburn, president of the Agricultural and Mechanical

College of Rhode Island; and A. C. True, Director of the Office of Experiment
Stations. The meeting was called to order at 7.45 p. m. by Mr. Henderson, who
suggested that a joint session be organized. On motion, Mr. Henderson was chosen

8M 1900 II
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chairman and Mr. True secretary. Mr. Buckhani briefiy explained tlie purpose of

the Association in favoring the esta))Ushment of a Bureau of Graduate Study in the

Smithsonian Institution, urged the importance of this step to the colleges and uni-

versities of tlie country, and explained that the Association comprised State univer-

sities as well as agricultural and mechanical colleges. The following outline plan

for a Bureau of Graduate Study in the Smithsonian Institution was then read by the

secretarv, with the prefatory remark that it was merely tentative and had been

drawn in definite terms to serve as a basis for discussion:

PLAN KOK JUTREAU t)F GRADUATE STUDY IN THE SMITHSONIAN INSTITUTION.

The Committee on Graduate Study of the American Association of Agricultural

Colleges and Experiment Stations (including all the universities and colleges organ-

ized under the Morrill Act of 1862) asks the Smithsonian Institution to organize and

conduct a Bureau of Graduate Study, having as its principal functions the following:

1. The keeping of a register of graduates of approved colleges and universities who
desire opportunities for graduate study in connection with the different branches

of the United States Government.

2. The conducting of negotiations with the different branches of the Government on

behalf of registered graduates to secure for them opportunities for study and

research according to their qualifications and aims.

3. The establishment and maintenance of lecture courses and seminars by specialists

on the subjects on which researches are being made by the Government and

the Smithsonian Institution.

The requirements of this Bureau shall be:

1. A competent chief to organize and manage it.

2. An office force to conduct the routine business.

3. A building for administration offices and lecture rooms.

4. An annual income to pay administrative officers, lecturers, and miscellaneous

expenses.

Methods of securing the needed funds:

1. Ask Congress to provide without delay a new building for the National Museum,
part of which may be utilized for the offices and lecture rooms of the Bureau
of Graduate Study.

2. Ask Congress for an appropriation of |50,000 annually to pay running expenses,

lectures, etc., including rental of temporary quarters until permanent building

is provided.

3. Announce that the Smithsonian Institution will gladly receive funds from private

sources for scientific researches in which graduates of American colleges may
participate and the methods and results of which will be taught to graduate

students connected with the Bureau.

Legislation required

:

1. Act of Congress establishing the Bureau and defining its functions.

2. Appropriation for current expenses.

3. Appropriation for building for National Museum.
4. Act of Congress permitting officers of the Government participating in the work

of Bureau to receive extra compensation for services performed outside of official

hours; this compensation to be determined by regulations made by the Regents
of the Smithsonian Institution.

Reasons why the Smithsonian Institution should undertake the management of a
Bureau of Graduate Study:
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1. The jsiradnates of the universities and colleges of the United States need opportu-

nities to utilize the libraries, collections, and special apparatus under control of

the Government and to familiarize themselves with the technical and scientific

operations of the Goverinnent. This principle has already been recognized l)y

Congress in act of April 12, 1892, as regards institutions in the District of

Columbia.

2. The National, State, and local governments and the people of the United States

need the services of an increasing number of technical and scientific experts

who can best be trained in special lines in connection with the Government
work.

3. The Smithsonian Institution is regarded by the Government officers and by the

universities and colleges of the country as a central agency for the promotion of

higher scientific education and research. It is already a recognized leader in

scientific enterprises in this country and only needs to broaden its operations

somewhat to take up this new work. It has an invaluable basis for this work
and its freedom from political influences gives it the confidence of the country.

All its traditions regarding scientific work are right.

4. By allying itself with the universities and colleges and with the scientific Govern-

ment bureaus, the Smithsonian Institution will strengthen its scientific leader-

ship and be able more thoroughly to promote the increase and diffusion of

knowledge. It will broaden its basis of support and have a better chance of

securing public and private funds for research work of the highest order. It

will thus be able to maintain and extend its leadership in science and grow in

strength with the growth of universities throughout this country. As local

scientifii' institutions develop in different parts of the country, is it not desirable

that the Smithsonian Institution shall take an advance step in its relation with

these institutions?

ATTITUDE OF THE AMERICAN ASSOCIATION OP AGRICULTURAL COLLEGES AND EXPERIMENT

STATIONS.

If the Smithsonian Institution is declared to be favorable to the organization and

maintenance of a Bureau of Graduate Study, this committee is authorized to pledge

and does pledge the active support of the American Association of Agricultural Col-

leges and Experiment Stations toward the securing of the necessary legislation and

funds for the establishment and support of the Bureau. If the Regents of the Smith-

sonian Institution so desire, this committee will take the initiative in seeking the

introduction into Congress of bills for this purpose and in urging their passage, but

only after an express assurance from the Regents that such action will receive their

cordial indorsement and support.

TENTATIVE DRAFT OF ACT OF CONGRESS ESTABLISHING A BUREAU OF GRADUATE STUDY.

Beit enacted by the Senate and House of Representatives of the United States of America

in Congress assembled, That there shall be and hereby is annually appropriated out

of any money in the Treasury not otherwise appropriated, the sum of fifty thousand

dollars for the year ending June thirtieth, nineteen hundred and one, and the same

sum for each succeeding year, to enable the Regents of the Smithsonian Institution

to organize and maintain a Bureau of Graduate Study for the purpose of securing

for the graduates of the universities and colleges of the several States and Territories

and of the District of Columbia, opportunities to utilize the libraries, scientific col-

lections, apparatus, and laboratories owned by the United States and in charge of

officers of the United States, for advanced studies and researches under regulations

to be prescribed by the said Regents and as far as shall be mutually agreed upon

between the said Regents and the heads of the several Executive Departments of the
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Governuient, the Librarian of Congress, Commissioner of La])or, Commissioner of

Fish and Fisheries, and the Secretary of the Smithsonian Institution, with due

regard to the needs and requirements of the technical, scientific, and administrative

work of the Government; and the said Regents are authorized to establish and main-

tain seminars and courses of lectures on subjects relating to the technical and scien-

tific; work of the Government and to employ exi^erts and specialists for this purpose;

and the heads of Departments and the other oflicers aforesaid are authorized to grant

permission to officers and employees of the Government working under their direc-

tion to take part in the work of the Bureau of Graduate Study under direction of

the said Regents, Provided, That such services shall not in any way interfere with

the efficient discharge of their regular duties as Government oflScials, .4^^ provided

further, That officers and employees of the Government may receive extra compen-

sation on terms to be fixed by the said Regents for services actually performed for

said Bureau of Graduate Study outside of the hours when their services are required

for the discharge of their regular official duties.

And the said Regents are authorized to use the buildings and other property of

the National ]\Iuseum and to rent buildings as far as may be necessary for the work

of said Bureau.

And the said Regents shall employ a person of scientific attainments and adminis-

trative experience as the chief of said Bureau and are authorized to employ assist-

ants, experts, clerks, and other persons, as far as may be necessary to carry out the

provisions of this act, and to incur expenses for traveling, printing, and all other

purposes essential to the maintenance of said Bureau within the appropriations pro-

vided by the law.

Expenses.

Salary of chief $4,000

Salary of assistant chief 2, 000

Salary of two clerks (stenographers) 2, 000

Salary of messenger and janitor 1, 000

Salary of temporary employees 1 , 000

Compensation of 50 lecturers (average of 40 lectures in each course for |500)

,

2,000 lectures 25, 000

Rent of tenq)orary quarters, heat, lights, etc 5, 000

Furniture, supplies, traveling expenses, etc 5, 000

Printing and miscellaneous 5, 000

Total 50, 000

After the reading of this paper a free discussion of its contents was had, in which
all present took part. At the conclusion of this discussion an understanding was
reached that the connnittee of the Association would be satisfied with any effective

plan by which graduates of the colleges and other qualified persons should be guided
by tlu! Smithsonian Institution in advanced studies and researches in connection
with the facilities presented by the Government bureaus at Washington, and that
this (n)iiimitt('e would await the action of the Regents of the Smithsonian Institution

at their meeting in January, 1900.

Adjourned at 10 p. m.
A. C. True, SearUtri/.

Dr. William I.. Wilsoji, who was unable to be present, sent the following letter to
the chairman:

Washington and Lee University,

Lexington, Va. , December 26, 1899.
Mv Dear (Jeneral: The feeble hope I have been nursing, that I might be able to

go to Washington to-morrow and meet with you and the gentlemen representing
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the land-grant colleges, has flickered out. I know the importance of this meeting

and I am exceedingly desirous of hearing the college committee develop their plans

and wishes.

The more I reflect on the question, in the light of my experience in Washington

and as a college officer, the less able I find myself to formulate any plan on a scale

such as doubtless these gentlemen desire. We are, I am sure, desirous tha,t the

Smithsonian Institution should meet their wishes as far as it can without swamping
the larger work of research and of the diffusion of knowledge among men, which it

was founded to do and which it has so well done.

But our resources are small, and even if adequately increased I do not see clearly

how the work of research and of instruction can be made to go hand in hand. The
best endowed universities have not been able to unite the two, except in a small and
occasional way. The men who by scientific research have extended human knowl-

edge are generally compelled to work in such individual and even eccentric ways
that they can not carry learners with them, and they benefit the world by making
known their results and methods, not by carrying with them a company of specta-

tors, to whom every step must be explained and every process of reasoning made
clear in advance.

Very sincerely, yours, Wm. L. Wilson.

At a subsequent meeting of the joint committees, held in this city, at the residence

of Dr. Bell, on the 11th instant, in which President Harper, of the Chicago Univer-

sity, participated as a representative of the National Educational Association, other

proceedings of an interesting character were had. Reports of these proceeding were

promptly furnished by Dr. True to the Secretary of the Smithsonian Institution, and

also by this committee.

At the possible risk of being tedious in the presentation of its report your committee

deems it advisable to preserve a full record of the papers and documents connected

with the propositions now submitted to the consideration of the Regents.

The report of Mr. True is as follows:

United States Department op Agriculture,

Office of Experiment Stations,

Washington, I). C, Jannxrnj 13, 1900.

Mr. S. P. Lang LEY,

Secretary, Smithsonian Institution, Washington, D. C.

Dear Sir: With a view to facilitating your consideration of the pending questions

regarding the opening of the Smithsonian Institution and the Government depart-

ments to graduate students, permit me to lay before you a series of papers relating

to this matter.

Exhibit A.—Report of the Committee on Graduate Study of the American Associa-

tion of Agricultural Colleges and Experiment Stations, contained in Bulletin No. 65,

Office of Experiment Stations, Department ot Agriculture. ^

Exhibit B.—The Educational Review for December, 1899, containing an account of

the action taken by a committee of the National Educational Association regarding

the project for a National University at Washington.'

Exhibit C.—A tentative plan for a bureau of graduate study in the Smithsonian

Institution, which was drawn up by the committee on graduate study of the Associa-

tion of Agricultural Colleges and Experiment Stations and presented to the commit-

tee of the Regents of the Smithsonian Institution appointed to consider this matter.*

Exhibit D.—Copy of resolutions adopted by the George Washington Memorial

Association at its annual meeting in December, 1899.

1 Being accessible in the publications mentioned, these exhibits are not printed here.

''This is identical with the document given above, p. xviii.



XXII PROCEEDINGS OF THE BOARD OP REGENTS.

Exhibit E.—A summary of points on which there is agreement l)etween the com-

mittees of the National Educational Association and the agricultural colleges, drawn

up by President Har]>er and myself after a (;onference on this matter January 11,

1900.

I may add that all the plans which have been proposed by the three associations

referred to in the above statement have been based on the idea that the Smithsonian

Institution should be the leader in this enterprise, that it should have a free hand in

the formation and execution of plans for carrying on this work, and that this new
enterprise should be undertaken by the Smithsonian Institution only so far as it can

obtain funds for the jjurpose from Congress and private sources. There is entire

agreement on the proposition that the funds at present at the disposal of the Smith-

sonian Institution should not be used for this new work.

1 am authorized by the committee on graduate study of the Association of Agri-

cultural Colleges and Experiment Stations to act as their representative here, and as

such I shall be glad to give you any further assistance in my power to make plain

the attitude of this Association in this matter.

Very respectfully, yours,

A. C. True,

Secretary of Committee on Graduate Study of the Asisociation

of Agricultural College.^ and ExpeHmeni Stations.

Exhibit E.

Points of agreement liehveen rommiitee of National Educ<dional Association and American

Association of Agricultural Colleges and Experiment Stations, regarding the work which

the Smithsonian Institution might undertake for the benefit of graduates of colleges and

rmiversities.

Memorandum made by President Harper, of Chicago University, of the committee

of National Educational Association, and A. C. True, Director of the Office of Exper-

iment Stations, of the committee of the American Association of Agricultural Col-

leges and Experiment Stations, January 11, 1900.

1. That the Regents of the Smithsonian Institution ask the Congress of the United

States for a special appropriation for the work of research and investigation, to be

conducted under their supervision by persons properly qualified therefor. Such
work to be so conducted as to utilize the libraries, scientific collections, ajjparatus,

and laboratories owned by the United States, and in charge of the officers of the

United States, for investigations and researches, under regulations to be prescribed

by the said Regents, and as far as shall be mutually agreed upon between the said

Regents and the heads of the several Executive Departments of the Government, the

Librarian of Congress, Commissioner of Labor, Commissioner of Fish and Fisheries,

and the Secretary of the Smithsonian Institution, with a view of carrying out the

policy of Congress, declared in the joint resolution of April 12, 1892.

2. That the Regents ask the general public for gifts of money, to be used in providing

buildings, laboratories, equipments, and endowments, for purposes of instruction,

such instruction to be limited to students who are graduates of properly accredited

institutions or those who are otherwise properly qualified, it being understood that

it shall not be the purpose of the Smithsonian Institution to confer degrees of any
kind in connection with such instruction.

3. That tlie Regents formulate a jjlan for the appointment of an advisory board;

the members of said board to represent the leading educational institutions of the

country, with a view to securing the active coojieration of the colleges and universities

of the country in carrying on this enterprise.
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(No. 8.)

JOINT KKSOLUTION to encourage the establishment ami endowment of institutions of learning at

the national capital by defining the policy of the Government with reference to the use of its

literary and scientific collections by students.

Whereas large collections illustrative of the various arts and sciences and facili-

tating literary and scientific research have been accumulated by the ac-tion of Con-

gress through a series of years at the national capital; and

Whereas it was the original purpose of the Government thereby to promote

research and the diffusion of knowledge, and it is not the settled policy and i)resent

practice of those charged with the care of these collections specially to encourage

students who devote their time to the investigation and study of any branch of

knowledge by allowing to them all proper use thereof; and
Whereas it is represented that the enumeration of these facilities and the formal

statement of this policy will encourage the establishment and endowment of institu-

tions of learning at the seat of government, and promote the work of education by
attracting students to avail themselves of the advantages aforesaid under the direction

of competent instructors: Therefore,

Resolved by tlie Senate and House of Representatives of the United States of America in

Congress assembled, That the facilities for research and illustration in the following

and any other governmental collections now existing or hereafter to be established

in the city of Washington for the promotion of knowledge shall be accessible, under

such rules and restrictions as the officers in charge of each collection may prescribe,

subject to such authority as is now or may hereafter ))e permitted by law, to the sci-

entific investigators and to students of any institution of higher education now incor-

porated or hereafter to be incorporated under the laws of Congress or of the District

of Columbia, to wit:

1. Of the Library of Congress.

2. Of the National Museum.
3. Of the Patent Office.

4. Of the Bureau of Education.

5. Of the Bureau of Ethnology.

6. Of the Army Medical Museum.
7. Of the Department of Agriculture.

8. Of the Fish Commission.

9. Of the Botanic Gardens.

10. Of the Coast and Geodetic; Survey.

11. Of the Geological Survey.

12. Of the Naval Observatory.

Approved, April 12, 1892.

The papers already copied and referred to in this report are deemed amply suffi-

cient to acquaint the Regents with the propositions made by the associated c(jlleges.

And now, in conclusion, your committee does not hesitate to express its warm and
decided sympathy with the general purposes of the movement thus made for your

consideration. The object sought commends itself to us all, and the zeal and ability

with which it has been pressed upon our consideration by the ver}^ able and distin-

guished educators and scientists connected with these colleges furnish ample assur-

ance that the consummation of the great and leading object sought by them is only

a question of time. The material already collected in the bureaus and departments
of the Government furnishes a rich mine of educational wealth that will not be per-

mitted to remain forever undeveloped. This material is now being constantly

enriched by the most valuable adilitions to its present enormous wealth. Already
it has invited to the national capital many distinguished scientists, anxious to avail

themselves of the superior advantages thus offered for investigation and research.
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Your committee, however, is painfully impressed with the fact that the powers of

the Smithsonian Institution as at present organized are scarcely broad enough to

embrace the work proposed. And the committee is equally impressed with the fact

that even with enlarged authority its present financial condition would absolutely

prevent anything like eflicientand creditable performance of the work contemplated.

It is well known to the members of this Board that a great wealth of material

—

material which would be of immense utility in the successful accomplishment of the

purposes indicated by the associated colleges, lies l)uried in tlie crypts and cellars

of the National Museum.
If our Institution is unable for want of room, as it undoubtedly is, even to place

this valuable material on exhibition for the public, eye and as little able to arrange

it for scientific uses, the problem of providing halls for lectures and meeting the nec-

essary expenditures incident to the work proposed, becomes serious and formidable

in the extreme.

Your conunittee is not prepared to make definite recommendations to the Board

for its final or ultimate action.

That which is clearly inexpedient to-day may ))ecome not only expedient, l)ut

eminently desirable to-morro\v.

If in your judgment the committee should retain its powers and report progress

from time to time in the future, it will l)e our highest pleasure to comply with your

further demands.

Yours, truly, J. B. Henderson, ChairjiKiii.

Smithsonian Institution,

WdsliliHjion, D. ('., Jamiary SS, 1900.

My Dear Senator Henderson:

At your request I hand back to you the letter which I sent you some time since in

a personal capacity, now authorizing its use as in your discretion you may deem fit,

though I do so with some hesitation, since it deals with a matter on which the Board
has not yet defined its policj\

Under the circumstances, I can then, jjerhaps, be of most service by pointing out

what the attitude of the Board has been under analogous circumstances in the ])ast,

and by indicating in a general way the present situation of the Institution and its

relations to the scientific bureaus in Washington.

I will first comply with your request by citing the passage in the communication
of the representatives of the American Association of Agricultural Colleges and
Experiment Stations, concerning which you inquire. This passage reads as follows:

"The committee has thought that perhaps the Secretary and Regents might not
look favorably upon the idea of constituting the Smithsonian the permanent agent
for the control and direction of such graduate work, but that they might be will-

ing to take the initiative in its organization and direction, and when the successful

plan was fully developed, might generously relinquish its control to a separate and
independent management. '

'

Next, at your kind solicitation, I take this occasion to speak of the plan in ques-
tion, which, you will remember, is but one of several plans. With these I have
large sympathy, as with every step in aid of the higher education and research. Let
me recall, however, not my opinions, but the decisions of Congress and the Regents.

After the Smithson bequest had been received by the Government, nearly ten
years were employed by Congress in considering the form which the Institution

should take. The most distinguished members in Congress and almost all the nota-
l)le educators in this country expressed their opinions, and the proposal that the
Institution should be more or less a teaching body, or in some way assimilable to a
university, was most thoroughly discussed and embodied in various bills, which
failed to become law. The i)roposal then was defeated, and its defeat created a pol-
icy for the Institution, which has been followed by the Regents up to this time.
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I understaiKl that tlie wish at present is to found a school of research by utiUzing

the existing scientific departments and the bureaus of the Government through the

means of an administrative office under tJic Sinilhsoniaii Instltulio)i. This is, of course,

to be managed ])y the Regents, and it is claimed that it can be supported by a small

appropriation from Congress. I am not, then, considering the abstract merits or the

difficulties of a j)roposal to found such a system of research, so much as the difficulties

of establishing it under this Institution.

The proposition has much in its favor from one point of view; and yet it seems
questionable whether this connection even furnishes the best means ol producing the

results anticipated when we consider that each scientific bureau and office has grown
out of some jjractical need of the Government; that each at all times is occupied on
practical work, and that each now looks to the head of its department and not to

the Institution as having the sole right to direct any part of its affairs. Let me say,

too, that in an important Ijranch of science like i)hysics, no bureau, with one unim-
jiortant exception, has any laVjoratory worth mentioning; that there is at pre.sent but

one chemical lal)oratory in Washington which could be considered with reference to

the admission of students, since in the rest not a score of students could be accom-
modated if a hundred applied; and that the Regents would almost necessarily be
called upon to find means to create these costly accessories of the plan, although they
are now representing to Congress the insufficiency of its appropriations to meet the

needs of the special work which is already committed to them.

What is more important, the Smithsonian Institution has been founded and carried

on with functions so distinct from that of teaching or of a university, that to create

a new department in it for the proposed use would be like remaking tiie whole
machinery of its action. The change that is proposed, though apparently superficial,

is radical, and in advance of experiment no one knows where it will lead.

It is well, then, to consider here, that while the money question is of very great

importance indeed, it is for the moment secondary. If some one desiring to conduct

such a scheme were to offer to give outright to the Regents of the Institution a fund

as large as its present one, which was to be used for managing a bureau of graduate

study and research (and I should consider even this amount insufficient), I should,

if my opinion were sought, ask to have the plan considered only with the under-

standing that this Institution was distinctly altering its functions in accepting the

money for such a i)urpose.

These gentlemen suggest an appropriation of something like $50,000, which I under-

stand them to believe will be sufficient, because of their hope to secure continuous

voluntary work by the gratuitous or nearly unpaid contributions of our local men oi

science. This sum would, however, I think, prove wholly inatlecpiate. Being myself

long a student of science here, I may be allowed to saj' that while in my own knowl-

edge there are some who like to teach and would do it without reward, and do it well,

they are in an almost negligible proportion to the large mmiber who have (it should

always be remembered) accei)ted tlie lower salaries given here, as against higher

ones they could obtain in colleges and universities, because no condition of tuition is

now attached to their work of research.

If upon careful consideration it is found that the scientific departments and bureaus

of the Government could be advantageously used in connection with other agencies

as auxiliaries for post-graduate study, without interfering with their primary functions,

I, for one, should be glad to see this done. The Institution and all its branches are

now and always have been open to any properly accredited investigator so far as the

limited accommodations and the regular work permit.

The comnmnication under consideration by your committee comes from rejiresenta-

tives of the agricultural colleges and agricultural experiment stations created, in the

main, by the General Government. Their relations to it have always been intimate,

and they present the most important outcome of Congressional action for the higher
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education, each State in the Union having such a college and experiment station.

The gentlemen who represent these organizations do not stand in the jiosition of

ordinary educators, but are accustomed to deal with Govermnent affairs, whether

with State legislatures or members of Congress, and it is in the course of natural

development that they should seek to crown their system by a great school of

research in Washington, connected more or less directly with the General Govern-

ment. I think their aspiration is a most legitimate one, and I believe that they rep-

resent a body of men who in some way or other are very likely to succeed in any

well-matured plans which they deliberately set out to accomplish.

Since the permissive act of 1892, however, no bureau, within my knowledge, has

taken official advantage of the powers already granted, and I think that this indicates

the feeling which these bureaus may be expected to entertain toward an agent

invested by Congress with larger authority. The responsibility as well as the danger

and trouble of organizing this scarcely formulated plan, and accepting the often

ungracious task of engrafting it on bureaus of the Government not otherwise under

the control of the Institution—in short, of bearing the brunt of the struggle for it in

its early years—would fall on the Smithsonian Institution, whose present kindly

relations with these bureaus I should be sorry to see jeopardized.

Let me say (if in conclusion I may venture to express a personal oiiinion) that it

is at least certain that the Institution can not draw back from a line of action to

which it is once morally committed, and that ordinary prudence indicates the need

of care in acquiring at its own risk a knowledge of the effect which this radical change

might make in its future.

Very respectfully, yours,
S. P. Langley.

Hon. J. B. Henderson,

Chairman of Special Committee of the Board of Regents, Washington,, D. C.

Castle Creek, Hot Springs,

Yavapai County, Ariz. , January 20, 1900.

Dear Mr. Langley: I regret that I shall not be able to attend the annual meeting

of the Regents.

I suppose the most important subject that will come before the Regents will be

the application of the agricultural colleges for some form of connection with the

Institution, through which select graduates of those colleges may secure advanced

ins'truction in science and in scientific research, in the bureaus under its administra-

tion. I feel much interested in this question, and regret that I am under the dis-

ability of not knowing the definite proposition of the colleges and of not having

conferred with my associates on the committee appointed at the last meeting of the

Regents. Without these lights, it seems to me that many difficulties and much mis-

apprehension must be cleared away, before any safe and jjracticable plan can be

reached, looking toward the end proposed. That end proposes a diversion of the

Institution and of its scientific bureaus from the main work they were fomideil to

accomplish, and such diversion if suddenly and sharply made, will lessen their

present efficiency without accomplishing the new results. To receive any consider-

able number of students and give them proper guidance and fair opportmiites of

work, would certainly interfere, seriously, with the regular operation of the Institu-

tion and of its affiliated bureaus.

It is impracticable to turn aside men engaged in research to the work of instruction,

as a rule, and only a limited number of such men have any aptitude or taste for such

work. Specialists accept positions under the Govermnent at less salaries than col-

leges would pay them because they do not have to teach, and because they can

pursue their researches in their own individual ways, and wherever the local advan-

tages are most favorable. By this method their work inures to the benefit of all
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the ediioational institutions of the country, and the seientitic and economic world

gets the fruits of that work. It is also true, that collections are destroyed in the

regular work of instruction, and that most of the collections in the National Museum
and scientific bureaus are consequently availa))le only for the individual and advanced
investigator, toward whom the most liberal policy should be, as I feel sure, it always

has been, adopted.

These are some of the views which have occurred to me, and some of the many
difhculties to be reckoned with, in any movement in the direction proposed. I neeti

not say that I am fully in accord with what I feel sure, is the general wish of the

Regents—to meet the request of the colleges, in the most sympathetic and friendly

spirit, and to extend to them the fullest and freest access to every source and facility

of information, under the control or influence of the Institution, or that can be made
compatible with its administration. Yet it seems to me that any Ijeginning of a new
and wider policy, nuist keep carefully in view the continued success and preemi-

nence of the Institution itself in its chosen field, and the further fact that the scien-

tific bureaus of the Government have been established and are maintained more for

practical and economic purposes than for strictly scientific purposes, and only inci-

dentally or occasionally for the work of instruction, save as involved in their regular

work.
Very truly, yours, Wm. L. Wilson.

Mr. S. P. Lanoley,

Secretary of tJie Smithsonian Institution.

A very general discussion arose, participated in by Senators Cullom

and Piatt, and Messrs. Henderson, Hitt, Bell, and others.

Senator Cullom stated that this might end in the Institution's

resources being scattered and in its becoming simply a place of learn-

ing, school, or college, or university. He did not think that was the

purpose of the founder, but that the more separately it maintained

itself, the freer would be the position of the Institution in the end, and

that to put the matter on record he would move
That the report be accepted and printed and that the committee be discharged.

Mr, Piatt then moved
That the report be accepted, but that the committee be continued.

Mr. Bell observed that the matter was too important to be passed

over briefly, that a very great many of its details might perhaps be

impracticable, but that some features were practicable, and that it

came, he thought, within the functions of the Institution to carry them
out, possibly by the help of Congress.

Aftersome further remarks, Mr. Bellofl'ered the following resolution:

In order to facilitate the utilization of the Government Departments for the pur-

poses of research—in jjursuance of the policy enunciat»..d by Congress in a joint reso-

lution approved April 12, 1892

—

Resolved, That Congress be asked to provide for an Assistant Secretary of the

Smithsonian Institution in charge of research in the Government Departments,

whose duty it shall be to ascertain and make known what facilities for research exist

in the Government Departments, and arrange with the heads of Departments, and

with the officers in charge of Government collections, rules and regulations under

which suitably qualified persons may have access to the Government collections for

the purposes of research, wath due regard to the needs and requirements of the work
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of the Government; and it hihall also be his duty to direct the researches of such

persons into Hnes which will promote the interests of the Government, and the

development of the natural resources, agriculture, manufactures, and commerce of

the country, and (generally) promote the progress of science and the useful arts and

the increase and diffusion of knowledge among men.

The Chancellor ruled that the resolution was not in order until the

report had been disposed of, and the discussion was continued on

Senator Cullom's motion, turning on the advisability of continuing

the committee, Senator Henderson, the chairman, remarking that if

the committee were continued it should ])e instructed as to the wishes

of the Board.

Mr. Adams said that he thought it would be better to take some

decisive action; that if it were not thought within the province of

the Institution to undertake this it would be franker to say so, in

order that the people who were looking to the Institution for help

could turn elsewhere, and that he thought it would be better for the

movement itself that some such positive statement should be made
now and not postpone the matter, giving these gentlemen ground for

hope that the Institution would do something favorable.

The Chancellor observed that it was open to these gentlemen them-

selves to go to Congress and obtain the assistance they desired.

There were further remarks by different Regents on Senator Cul-

lom's motion, when upon the suggestion that it would be considerate

to the committee to use instead of the word ""discharged" some other

expression which would give a similar meaning, Mr. Hitt said that a

motion to accept, like a motion to adopt, carried with it the discharge

of the committee.

Senator Cullom by consent modified his motion l)y omitting any

reference to the "discharge" of the committee.

Senator Piatt said he would not insist on the motion that the com-

mittee be continued.

The Chancellor then put the motion as modified, "That the report

be accepted and printed," and it was adopted without an}'^ dissenting

voice.

Mr. Bell then moved the adoption of his resolution, but it })eing

now a quarter to 12 o'clock, the Chancellor and the Congressional

Regents were obliged to leave, and it was voted to adjourn to meet
again on the call of the Chancellor and the Secretary, leaving Mr.

Bell's resolution pending for consideration at some future meeting.



REPORT OF THE EXECUTIVE COMMITTEE OF THE BOARD OF
REGENTS OF THE SMITHSONIAN INSTITUTION

FoK THK Year Enuinc June 30, 1900.

To the Board of Regents of the SmitJisonian Institution:

Your Executive Committee respectfully submits the following report

in relation to the funds of the Institution, the appropriations by Con-

gress, and the receipts and expenditures for the Smithsonian Institu-

tion, the U. S. National Museum, the International Exchanges, the

Bureau of Ethnology, the National Zoological Park, and the Astro-

physical Observatory for the year ending June 30, 1900, and balances

of former 3^ears:

SMITHSONIAN INSTITUTION.

Condition of the Fund July 1^ 1900.

The amount of the ])equest of James Smithson deposited in the

Treasury of the United States, according to act of Congress of August

10. 184(1, was 1515,169. To this was added by authority of Congress,

February S, 1867, the residuary legacy of Smithson, savings from

income and other sources, to the amount of $134,831.

To this also have been added a bequest from James Hamilton, of

Penns^dvania, of $1,000; a bequest of Dr. Simeon Habel, of New York,

of $500; the proceeds of the sale of Virginia bonds, $51,500; a gift

from Thomas G. Hodgkins, of New York, of $200,000 and $8,000,

being a portion of the residuary legacy of Thomas G. Hodgkins, and

$1,000, the accumulated interest on the Hamilton bequest, making in

all, as the permanent fund, $912,000.

The Institution also holds the additional sum of $42,000, received

upon the death of Thomas G. Hodgkins, in registered West Shore

Railroad 4 per cent bonds, which were, by order of this committee,

under date of May 18, 1894, placed in the hands of the Secretary of

the Institution, to be held by him subject to the conditions of said

order.
XXIX
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Stdti'nu'iit of the irceiptit and expenditures frovi Jidy 1, 1899, to Jtuic SO, 1900.

KECEIPTS.

Cash on hand July 1, 1899 $74, 703. 42

Interest on fund July 1, 1899 $27, 360. 00

Interest on fund January 1, 1900 27, 360. 00

54.720.00

Interest to Januar\- 1 . 1900, on West Shore bonds 1, 680. 00

$131, 103. 42

Cash from sales of publications 277. 84

Cash from repayments, freight, etc - 4, 131. 97

4, 409. 81

Total receipts - - - 135, 513. 23

EXPKXDITrRES.
Building:

Repairs, care, and improvements $7, 376. 30

Furniture and fixtures 524. 22
$7,900.52

General expenses:

Postage and telegraph 364. 88

Stationery 830. 47

Incidentals (fuel, gas, etc. ) 4, 644. 36

Library (books, periodicals, etc. ) 2, 950. 97

Salaries^ 20,576.39

Gallery of art 356. 01

Meetings 136.96
29, 860. 04

Publications and researches:

Smithsonian contributions 1, 450. 17

Miscellaneous collections 1, 469. 14

Reports 2, 042. 34

Researches 6, 326. 91

Apparatus 224. 81

Hodgkins fund 4, 029. 95

Explorations 1, 400. 00

16, 943. 32

Literary and scientific exchanges : 4, 590. 28
"

59, 294. 16

Balance unexpended June 30, 1900 76, 219. 07

The cash received from the sale of publications, from repayments
for freights, etc., is to be credited to the items of expenditure, as

follows:

Smithsonian contributions ^26. 37
Miscellaneous collections 191. 08
Reports 24. 79

Special publicatious 35. 60
$277.84

iln addition to the above $20,576.39 paid for salaries under general expenses,

$8,176.47 were paid for services, viz, $2,875.58 charged to building account, $999.95
to Hodgkins fund account, $1,648.02 to library account, $2,289.92 to researches
account, and $363 to furniture account.
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Exchanges $2, 598. 20

Incidentals 508. 77

Explorations 1, 000. 00

Salaries 25. 00

$4, 409. 81

The net expenditures of the Institution for the year ending June 30,

19()(), were therefore ^54,884.35, or ^.409.81 less than the gross

expenditures. ^59,294.16. as above stated.

All moneys received by the Smithsonian Institution from interest,

sales, refunding of moneys temporarily advanced, or othei-wise. are

deposited with the Treasurer of the United States to the credit of the

Secretary of the Institution, and all payments are made by his checks

on the Treasurer of the United States.

Your committee also presents the following statements in regard to

appropriations and expenditures for objects intrusted by Congress

to the care of the Smithsonian Institution:

Detailed statement of disbursements from appropriations committed by Congress to the care

of the Smithsonian Institution for the fiscal year ending June SO, 1900, andfrom balances

of former years.

INTERNATIONAL EXCHANGES. SMITHSONIAN INSTITUTION. 1900.

RECEIPTS.

Appropriated by Congress for the fiscal year ending June 30, 1900, "for

expenses of the system of international exchanges between the United

States and foreign countries, under the direction of the Smithsonian

Institution, including salaries or compensation of all necessary em-

ployees and the purchase of necessary books and periodicals" (sundry

civil act, March 3, 1899) $24,000.00

DISBURSEMENTS.

[From July 1. 1899. to June 30. 1900.]

Salaries or compensation:

1 curator, 12 months, at s22o s2. 700. 00

1 chief clerk, 12 months, at S175 2, 100. 00

1 clerk, 12 months, at $150 1, 800. 00

1 clerk, 12 months, at $116.67 1, 400. 03

1 clerk, 12 months, at $100 1. 200. 00

1 clerk, 2 months, at $100 200. 00

1 clerk, 12 months, at $80 960. 00

1 clerk, 5 months, at $75; 7 months, at $90 1. 005. 00

1 packer, Hi months, at $55 632. 50

1 workman, 12 months, at $50 600. 00

1 copyist, 12 months, at $45 540. 00

1 copyist, 8 months 47 days, at $45 428. 93

1 messenger, 7 months 11 days, at $25 184. 16

1 messenger. Si months 8 days, at $25 93. 95

1 laborer, 273 days, at $1.50: 1? months, at $45 477. 00

1 cleaner, 156 days, at $1 156.00

1 agent, 12 months, at $50 600. 00

1 agent, 12 months, at $91.66f 1. 100. 00

1 agent. 12 months, at $14.33^ 172.00

Total salaries or compensation 16, 349. 57
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General expenses:

Books $5. 00

Freight 3, 548. 68

Packing boxes *MS. 80

Postage and telegraph 202. 00

Stationery and supplies 324. 32

Traveling expenses 37. 80
$5,111.60

Total disbursements $21 , 461. 17

Balance July 1, 1900 2,538.83

INTERNATIONAL EXCHANGES, 1899.

Balance July 1, 1899, as per last report $1, 829. 33

DISBURSEMENTS.

Salaries or compensation:

1 agent, 6 months, at $50 $300. 00

1 agent, 6 months, at $91.66| 550. 00

1 agent, 6 months, at $13.66f 82. 00
$932. 00

General expenses:

Books 20.00

Freight 779. 16

Stationery and supplies 71. 68

Traveling expenses 24. 90
895. 74

Total disbursements $1, 827. 74

Balance July 1, 1900 1.59

INTERNATIONAL EXCHANGES, 189S.

Balance July 1, 1899, as ])er last rei)ort $6. 11

DISBURSEMENTS.
General expenses:

Books 5. 00

Balance 1. 11

Balance carried, under the provisions of the Revised Statutes, section 3090, by the

Treasury Department to the credit of the surplus fund, June 30, 1900.

AMERICAN ETHNOLOGY, 1900.

RECEIPTS.

Appropriat- n by Congress for the fiscal year ending June 30, 1900, "for

continu '^hnological researches among the American Indians, under
the direction of the Smithsonian Institution, including salaries or com-
pensation of all necessary employees and the purchase of necessary

books and periodicals, fifty thousand dollars, of which sum not exceed-

ing one thousand dollars may be used for rent of building." (Sundry
civil act, March 3, 1899) $50,000.00

The actual conduct of these investigations has been continued l)y the

Secretary in the hands of Maj. J. W. Powell, director of the Bureau ot

American Ethnology.
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DISBITHSEMENT.S.

Salaries or compensation

:

1 director, 12 months, at $375 $4, 500. 00

1 ethnologist in charge, 12 months, at $333.33 3, 999. 96

1 ethnologist, 12 months, at $208.33 2, 499. 96

I etlniologist, 12 months, at $200 2, 400. 00

1 ethnologist, 12 months, at $166.67 2, 000. 04

1 ethnologist, 12 months, at $166.67 2, 000. 04

1 ethnologist, 9 months 10 days, at $166.67 1, 555. 59

1 ethnologist, 12 months, at $125 1, 500. 00

1 ethnologist, 12 months, at $125 1, 500. 00

1 ethnologist, 12 months, at $125 1, 500. 00

1 ethnologic translator, 7 months, at $125 875. 00

1 illustrator, 12 months, at $166.67 2, 000. 04

1 proof reader, 5 months, at $75 375. 00

1 library assistant, 5i months, at $()0 330. 00

1 lil)rary assistant, 1 montli 25 days, at $50 90. 32

1 clerk, 12 months, at $100 1, 200. 00

1 clerk, 12 months, at $100 1, 200. 00

1 clerk, 10 months, at $100 1, 000. 00

1 clerk, 3 months, at $100 300. 00

1 clerk, 2 months, at $100 200. 00

1 clerk, 12 months, at $75 900. 00

1 clerk, 3* months 4^ days, at $60 218. 70

1 messenger, 12 months, at !f50 600. 00

1 skilled laborer, 12 months, at $60 720. 00

1 laborer, 1 2 months, at $(iO 720. 00

1 laborer, 12 months, at $45 540. 00

1 laborer, 3 days, at $1.50 4. 50

1 laborer, 8^ days, at $1 8. 50

Total salaries or compensation 34, 737. 65

General expenses:

Books $1, 600. 42

Drawings 498. 30

Freight 241. 55

Lighting 54. 34

Furniture 419. 05

Manuscript 1, 391 . 44

Miscellaneous 69. 90

Postage and telegraph 57. 50

Publications 20. 00

Rental 916. 63

Special services 162. 20

Specimens 3,820.00 '^^\

Stationery, supplies, etc 1, 218. 76 os^-^^"'

Traveling expenses 2, 644. 91

13,115.00

Total disl)ursements $47, 852. 65

Balance July 1, 1900 2, 147. 35

AiMERICAN KTIINOLOGY, 1S99.

Balance July 1, 1899, as per last report $3, 035. 00

SM 1000 III
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PISBUKSE.M ENTS.

General expenses:

Books ---- «'^24.12

Drawings and illustrationf? 169. 00

Freight ^6. 68

Lighting - 22. 55

Manuscript - - 43. 50

iMiscellaneons - 9-00

Postage and telegraph 52. 95

Rental - 83. 33

Specimens 1, ^15. 25

Supplies - - - ^-l- l-l

Traveling expenses 342. 00

Total - $2,942.5S

Balance July 1 , 1900 92. 48

AMERICAN ETHNOLOtiY, 1S*S.

Balance July 1 , 1899, a,>i i)er last report $35. 36

DISBURSEMENTS.

General expenses $20. 50

Postage and telegraph 8. 47

Total 28. 97

Balan(;e 6. 39

Balance carried, under the jirovisions of Revised Statutes, section 3090, by the

Treasury Department to the credit of the surplus fund, June 30, 1900.

NATIONAL MISEUM—PRESERVATION OF COLLECTIONS, 1900.

KECEIPTS.

Appropriation hy Congress for the fiscal year emling June 30, 1900, "for

continuing the preservation, exhibition, and increase of tlie collec-

tions from the surveying and exploring exi)editions of the Govern-

ment and from other sources, including salaries or compensation of

all necessary employees, $170,000, of which sum $5,000 may be used ^
for necessary drawings and illustrations for publications of the

National Museum " (sundry civil act, March 3, 1899) $170, (R)0. 00

EXPE.NDITIKES.

Services $145, 470. 10

Soecial services 1, 226. 30

Total services S146, 702. 40

Miscellaneous:

Drawings and illustrations 483. 50

Supplies 3, 270. 33

Stationery 1, 403. 75

Specimens 4, 806. 34

Travel 2, 063. 53

Freight 2, 13H. 33

Total miscellaneous 14, 163. 78

Total expenditures 160, 866. 1 {

Balance July 1, 1900 9, 133. 82
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Analysis of expenditures for salarits or rompensalion.

Scientific staff:

executive curator, 12 months, at $291. H« $3, 499. 92

head curator, 12 months, at $291.66 3, 499. 92

head curator, 12 months, at $291.66 3, 499. 92

curator, 12 months, at $200.
.

". 2, 400. 00

curator, 12 raonth.«, at $200 2, 400. 00

curator, 12 months, at $200. 2, 400. 00

curator, 1 1 months, at $208.33 2, 2U1. 63

curator, 12 months, at $175 2, 100. 00

acting curator, 12 months, at $150 1, 800. 00

assistant curator, 12 months, at $150 1, 800. 00

assistant curator, 12 months, at $130 1, 560. 00

assistant curator, 12 months, at $150 1, 800. 00

assistant curator, 12 months, at $125 1, 500. 00

assistant curator, 12 months, at $125 1, 500. 00

assistant curator, 12 months, at $1 16.66 1, 399. 92

assistant curator, 12 months, at $150 1. 800. 00

assistant curator, 12 months, at $1(X» 1, 200. 00

assistant curator, 12 months, at $150 1, 8lX). 00

assistant curator, 12 months, at $133.33 1, 599. 96

second assistant curator, 12 months, -M $100 1, 200. 00

aid, 12 months, at $70 840. 00

aid, 12 months, at $60 720. 00

aid, 12 numths, at $75 900. 00

aid, 12 months, at $50 600. 00

aid, 1 1 months 22 days, at $75 878. 23

aid, 12 months, at $100. 1. 200. (X)

aid, 12 months, at $100 1, 200. 00

aid, 12 months, at $75 900. 00

aid, 12 months, at $50 600. 00

aid, 12 months, at $100 1, 200. 00
$50, 089. 50

Cler

Pre]>arators:

photographer, 12 months, at $158.33 1, 899. 96

modeler, 1 1 months 30 days, at $100 1, 200. 00

osteologist, 12 months, at $90 1, 080. 00

preparator, 12 months, at $80 960. 00

preparator, 12 months, at $70 840. 00

preparator, 12 months, at $80 960. 00

preparator, 12 months, at $45 540. 00

preparator, 1 month 7 days, at $75. 91. 94

preparator, 12 months, at $80 960. 00

jireparator, 12 months, at $45 540. 00

preparator, 12 months, at $60 720. 00

preparator, 3 mouths 70 days, at $75 398. 79

ta.xidermist, 12 months, at $60 720. 00

taxidermist, 12 months, at $90 1, 080. 00

taxidermist, 12 months, at $100 1, 200. 00

cal staff:

chief clerk, 12 months, at $208.33^ 2, 500. 00

editor, 12 months, at $167 2, 004. 00

chief of division, 12 months, at.$200 2, 400. 00

13, 190. 69
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Clerical staff—Continued.

1 registrar, 12 months, at $167 *2, 004. 00

1 disbursing clerk, 12 months, at $1 16.67 1 , 400. 04

1 assistant li))rarian, 12 months, at $1 17 1 , 404. 00

1 stenographer and typewriter, 2 months 22 days, at|50. i;}6. 67

1 stenographer, 9 months 12 days, at $75 705. 00

1 stenographer, 10 months 1 day, at $50. 501. 61

1 stenographer and typewriter, 28 days, at $50 46. 72

1 stenographer and typewriter, 1 month 30 days, at $50. 99. 78

1 stenographer and typewriter, 3 months 13 days, at $50

.

1 70. 97

1 stenographer and typewriter, 10 months 19 days, at $50 530. 65

1 stenographer and typewriter, 2 months, at $50; 2

months and 29 days, at $75 322. 50

1 stenographer and typewriter, 12 months, at $115 1, 380. 00

1 stenographer, 12 months, at $150 1 , 800. 00

1 typewriter, 12 months, at $65 780. 00

1 typewriter, 12 months, at $50 600. 00

1 clerk, 12 months, at $83. 34 1 , 000. 08

1 clerk, 12 months, at $100 1 , 200. 00

1 clerk, 12 months, at $90 1 , 080. 00

1 clerk, 12 months, at $50 (iOO. 00

1 clerk, 12 months, at $55 (i60. 00

1 clerk 12 months, at $55 <)60. 00

1 clerk, .2 months, at $60 720. 00

1 clerk, 12 months, at $115 1 , 380. 00

1 clerk, 12 months, at $75 900. 00

1 finance clerk, 12 months, at $1 10 1 , 320. 00

1 acting property clerk, 12 months, at $50 600. 00

1 clerk, 11 months 29 days, at $45 538. 50

1 clerk, 11 months 28 days, at $55 656. 33

1 clerk, 12 months, at $50 600. 00

1 clerk and preparator, 12 months, at $50 600. 00

1 clerk, 12 months, at $90 1, 080. 00

1 clerk, 12 months, at $50 600. 00

1 clerk, 12 months, at $50 600. 00

1 clerk, 12 months, at $70 840. 00

1 clerk, 12 months, at $115 1 , 380. 00

1 clerk and preparator, 12 months, at $75 900. 00

1 clerk, 6 months, at $100 ' 600. 00

1 document clerk, 12 months, at $50 600. 00

1 (;lerk, 12 months, at $90 1 , 080. 00

1 copyist, 12 months, at $35 420. 00

1 copyist, 12 months, at $55 660. 00

1 copyist, 276 days, at $50 per month 462. 57

1 copyist, 2 months 58 days, at $50 195. 76

1 copyist, 12 months, at $40 480. 00

1 copyist, 7 months 10 days, at $35 257. 50

1 copyist,12 months, at $50 600. 00

1 copyist, 12 months, at $35 420. 00

1 copyist, 12 months, at $50 (iOO. 00

1 copyist, 12 months, at $30 360. 00

1 copyist, 8 months 99^ days, at $40 450. 71

$43, 887. 39
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ings> and labor:

general foreman, 12 months, at $115 $1, 380. 00

foreman, 12 months, at $50 000. 00

chief of wati-h, 12 months, at $65 780. 00

chief of watch, 1 1 months 28 days, at $65. 773. 71

chief of watch, 12 months, at $65 780. 00

watchman, 7 months 40 days, at $50 ... 414. 52

watchman, 29 days, at $45 42. 77

watchman, 11 months 30 days, at $45 538. 55

watchman, 8 months 16 days, at $45 383. 23

watchman, 10 months 59 days, at $50 596. 72

watchman, 12 months, at $50 600. 00

watcliman, 12 months, at $50 600. 00

watchman, 8 months 27 days, at $65 576. 61

watchman, 12 months, at $45 540. 00

watchman, 12 months, at $45. 540. 00

watchman, 12 months, at $60 720. 00

watchman, 12 months, at $60 720. 00

w^atchman, 12 months, at $50 600. 00

watchman, 12 months, at $50 600. 00

watchman, 12 months, at $50 600. 00

watchman, 12 montlis, at $45 540. 00

watchman, 1 2 montlis, at $45 540. 00

wati-hman, 6 months 14 days, at $50 322. 58

watchman, 12 months, at $50 600. 00

watchman, 12 months, at $45 540. 00

watchman, 12 months, at $30 360. 00

watchman, 3 months 15 days, at $45 156. 77

watchman, 12 months, at $45 540. 00

watchman, 12 months, at $50 600. 00

watchman, 12 months, at $50 600. 00

watchman, 10 months 43 days, at $45 513. 68

workman, 325^ days, at $1.50 488. 25

plasterer, 8 days, at $2 16. 00

workman, 259 days, at $1.50 388. 50

workman, 313 days, at $1.50 469. 50

skilled laborer, 4 months, at $83.33 333. 32

skilled laborer, 5 months 15 days, at $40 219. 35

skilled laborer, 12 months, at $50 600. 00

skilled laborer, 7 months 97 days, at $60 610. 44

skilled lal)orer, 12 months, at $50 600. 00

laborer, 182 days, at $1.50 273. 00

laborer, 313 days, at $1.50 469. 50

laborer, 69 days, at $1.50 103. 50

laborer, 136 days, at $1.50 204. 00

laborer, 2 months, at $34.50; 2 months, at $31.50;

2 months, at $33; 5 months, at $30; 1 month, at

$37.50 385. 50

1 lal)orer, 12 months, at $40 480. 00

1 laborer, 5 months 15 days, at $45 246. 77

1 lal)orer, 313 days, at $1.50 469. 50

1 laborer, 313 days, at $1.50 469. 50

1 laborer, 152 days, at $1.50 228. 00

1 laborer, 327 days, at $1.50 490. 50
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Buildings and labor—Continued.

laborer, 159 days, at $1.50 $238. 50

laborer, 337 dayp, at $] .^0 ,
505.50

laborer, 275 days, at $1.50 412. 50

laborer, 313 days, at $1.50 469. 50

laborer, 349 days, at $1.50 523. 50

laborer, 313 days, at $1.50 - - - 469. 50

laborer, 313 days, at $1 - 313. 00

laborer, 328^ days, at $1.50 492. 75

laborer, 237J days, at $1 .50 356. 25

laborer, 313 days, at $1 - - - - 313. 00

laborer, 25 days, at $1.50 .• - 37. 50

laborer, 313 days, at $1 .50 469. 50

laborer, 313 days, at $1 - 31:!. 00

laborer, 19 days, at $1 .50 - 2S. 50

laborer, 12 months, at $40 480. 00

laborer, 321| days, at $1..50 - - - - 482. 25

laborer, 313 days, at $1.50 469. 50

laborer, 294 days, at $1.50 441. 00

laborer, 313 days, at $1.50 469. 50

laborer, 343 days, at $1.50 514. 50

laborer, 255 days, at $1.50 - - - 3S2. 50

laborer, 14 days, at $1.50 21 . 00

laborer, 313J days, at $1.50 470. 25

messenger, 1 2 months, at $40 4 SO. 00

messenger, 12 months, at $25 300. 00

messenger, 9 months 15 days, at $25 237. 50

messenger, 12 months, at $25 300. 00

messenger, 12 months, at $25 300. 00

messenger, 6 months 16 days, at $50 325. 81

attendant, 1 i days, at $1 1 .
50

attendant, 12 months, at $40 480. 00

cleaner, 10 months 7 days, at $30 306. 77

cleaner, 12 months, at $30 360. 00

cleaner, 12 months, at $30 360. 00

cleaner, 9i days, at $1 9. 50

cleaner, 5 months, at $30 150. GO

cleaner, 1 1 months 5 days, at $30 335. 00

cleaner, 12 months, at $30 360. 00

cleaner, 1 month 11 days, at $30 40. 65

cleaner, 1 month 15 days, at $30 44. 52

$38, 308. 52

Total services 145, 476. 10

NATIONAL MUSEUM—PRESERVATION OF COLLECTIONS, isyy.

Balance as per report July 1, 1899 $4, 661. 94

EXPENDITURES.

Services $25.00

Special services 313. 15

Total services $338. 15

Miscellaneous:

Supplies $899. 27

Stationery 425. 83
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M iseellaneous—Continued

.

Specimens $1, 365. 25

Travel 931.21

Freight 700.70

Total miscellaneous $4, 322. 26

Total expenditures - $4, 660. 41

Balance July 1, 1900 1. 53

PRESERVATION OF COLLECTIONS, 1S99.

ToUil dntemerit of receipts and I'.rjjenditurf.i.

KECEII>TS.

Api)r()priation ))> Congress July 1, 1S98 ;}!165, 000. (K)

E.XPENDITIRES.

Salaries or compensation $148, 393. 54

Special services 2, 654. 65

Total services $151, 048. 19

Miscellaneous:

Supplies 3, 665. 28

Stationery 1, 196. 00

Specimeuh' 5, 146. 69

Travel 2, 024. 31

Freight 1, 918. 00

Total miscellaneous 13, 950. 28

Total expenditures 164, 998. 47

Balance July 1, 1900 1. 53

NATIONAL MUSEUM—PRESERVATION OF COLLEcmoNS. Isys.

Balance as per i-eport July 1 , 1899 $97. 28

EXPENDITURES.

Special services $80. 00

Books 8. 00

Total expenditures 88. 00

Balance 9. 28

Balance carried, under the provisions of Revised Statutes, section 3090, by the

Treasury Department to the credit of the surplus fimd, June 30, 19t)0.

NATIONAL MUSEUM—FURNITURE AND FIXTURES, 1900.

RECEIPTS.

Appropriation by Congress for the fiscal year ending June 30, 1900, "for

cases, furniture, fixtures, and appliances required for the exhibition

and safe-keeping of the collections of the National Musemu, including

$10,000 for furnishing galleries, and including salaries or compensation

of all necessary employees $25, 000. 00
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KXPENDITUKES.

Salaries or compensation.
Special service

Total servi

Miscellaneous:
Exhibition cases
Storage cases
Drawers, trays, etc
Frames and woodwork

.

Glass
Hardware
Tools
Cloth
Glass jars
Lumber
Paints, oils, etc
Office furniture
Leather and rubber
Iron brackets
Drawings for cases
Slate, cement, etc
Travel
Linoleum

Total miscellaneous.

Total regular account .

.

Total galleries account.
Total expenditure

Balance July 1, 1900.

Regular.

867.00
533. 50
394.90
2S2. 72

1,166.57
004. 95
137. 19
58.31

222. 81

1,175.43
516. 85
432. 50
88. 45
71.37
143.75
35.50
2.00

107. 10

1, 587. 00

2,068.50
145. OJ
749. 40
629. 33
4.00
14.00

""'574.' 36'

4.00

6, 840. 90

14,721.89
6, 702. 87

Total.

$7,.s53.77

27. 22
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NATIONAL MUSEUM—FURNITURE AND FIXTURES. 1899.

Balance as i>er report July 1 , 1 809 _

EXPKNDlTUKEtS.

$995. 28



XLII REPORT OF THE EXECUTIVE COMMITTEE.

NATIONAL MUSEUM—FURNITURE AND FIXTURES, 1898.

Balance as per report July 1 , 1899 $1
.
23

Balance carried, under provisions of section 3090, Revised Statutes, by the Treasury

Department to the credit of the surplus fund, June 30, 1900.

NATIONAL MUSEUM—HEATING AND LIGHTING, ETC., 1900.

RECEIPTS.

Appropriation by Congress for the year ending June 30, 1900, "for

expense of heating, lighting, electrical, telegra})liic, and telephoni<'

service for the National ^Inseum " (sundry civil act, March 3, 1899).. $14, (XMXOO

EXPEXDITUKES.

Services - ^6, (i76. 65

Special services - 8. 00

Total services $<5. 684. 65

Miscellaneous

:

Coal and wood $3, 649. 09

Gas 1 , 125. 10

Rental of call l)Oxes - - - - 100. 00

Electrical supplies 545.40

Electricity - 249. 77

Heating supplies 684. 53

Telegrams 16. 85

Telephones 382. 65

Total miscellaneous 6, 753. 39

Total expen.litures 13, 438. 04

Balance July 1. 1900 561. 96

Analysis of expenditures for salaries or compensation.

Salaries or compensation:

1 engineer, 12 months, at $115 $1, 380. 00

1 fireman, 12 months, at $50 _ 600. 00

1 fireman, 12 months, at $60 720. 00

1 skilled laborer, 9 months 824 days, at $75 882. 50

1 skilled laborer, 8 months 13 days, at $66.67; 3 months, at

$66.66
."

- 762. 23

1 skilled laborer, 12 months, at $60 720. 00

1 telephone operator, 10 months 17 days, at $50 527. 42

1 laborer, 235 days, at $1 .50 352. 50

1 laborer, 314 days, at $1.50 471. 00

1 laborer, 86 days, at $1.50 129. 00

1 coal passer, 88" davs, at $1.50. 132. 00
$6, 676. 65

NATIONAL MUSEUM—HEATING AND LIGHTING, ETC., 1899.

Balance as per report July 1, 1899 $1, 780. 02
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EXPENUITITRES.

Miscellaneous:

Coal and wood $1 . 04

Gas 110. 60

Kental of call boxes 30. 00

Electrical supplies and motor 818. 92

Heating supplier 298. 87

Telegrams 25. 33

Telephones 495. 25

T( ital expenditures _ U, 780. 01

Balance July 1, 1900 .01

UKATINi;. LTCirnXG. ETC.. 1899.

Totn/ sldlt'inenl of riceipis inid ejpenditnreH.

KKCEIITS.

Appr<)i)riation hy Congress, July 1, 1898 $14, 000. 00

EXPE.XniTl Kfc-S.

Salaries or compensiition $6, 914. 80

Special services 97. 00

Total services $7, Oil. 80

Miscellaneous:

Coal and wood $3, 320. 07

Gas 1, 2H0. 20

Rental ..f call Ijoxes 120. 00

Electrical supplies and motor 1, 139. 35

Heating supplies 599. 27

Telegrams 41. 50

Travel 12. 55

Telephones 495. 25

Total miscellaneous 6, 988. 19

Total expenditures 13, 999. 99

Balance July 1, 1900 ,
.01

XATI()X.\L Ml'SEUM—HE.VTING AND LIGHTING, ETC., 1898.

Balance a.s per report July 1, 1899 -^5. 49

Balance carried, under ]>rovisions of Revised Statutes, section 3090, hy tiie Treas-

ury Department to the credit of the surplus fund, June 30, 1900.

NATIONAL MUSEUM-POSTAGE, 1900.

RECEIPTS.

Appropriation by Congress for the fiscal year ending June 30, 1900, "for

postage stamps and foreign postal cards for the National Museum" (sun-

dry civil aci, March 3, 1899) $500.00

EXPENDITURES.

For postage stamps and cards - 500. 00
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NATIONAL MUSEUM—PRINTING AND BINDING, 1900.

RECEIPTS.

AiJpropriatioii by C^ongress fur the fiscal year ending June 30, 1900, "for

the Smithsonian Institution, for printing labels and blanks, and for the

' bulletins' and 'proceedings' of the National Museum, the editions of

which shall not be less than 3,000 copies, and binding in half turkey,

or material not more expensive, scientific books and pamphlets pre-

sented to and ac(juired by the National Museum library " (sundry civil

a.-t, :\Iarch 3, 1899)
.*

- - - $17, 000. 00

EXPENDITURES.

Bulletins of the Museum $5, 330. 83

Proceedings of the Museum 5, 564. 61

Labels...^ 1,944.26

Blanks - 168. 00

Envelopes, pads, cinnilars. - 83. 53

Cards : - 93. 72

Binding 1, 556. 36

Congressional Kec< )rd 32. 00

Total exi)enditures 14, 773. 31

Balance July 1 ,1900 2, 226. 69

NATIONAL MUSEUM—RENT OF WORKSHOPS, 1900.

RECEIPJS.

Appropriation by Congress for the fiscal 3'ear ending June 30, 1900, "for

rent of workshops and temporary storage quarters for the National

Museum " (sundry civil act, March 3, 1899) $4, 040. 00

EXPE^DITCRES.

Rent of workshops and storage quarters:

No. 431 Ninth street SW $1, 999. 92

No. 217 Seventh street SW 1, 080. 00

No. 313 Tenth street SW 600. 00

No. 915 Virginia avenue SW. (rear) J 360. 00

Total expenditures 4, 039. 92

Balance Jidy 1, 1900 .08

NATIONAL MUSEUM—RENT OF WORKSHOPS, 1S99.

Balance as per report July 1 , 1899 $110. 08

Balance July 1, 1900. 110. 08

NATIONAL MUSEUM—RENT OF WORKSHOPS, 1898.

Balance July 1, 1899, as per last report $0. 08

Balance (iarried, under the provisions of Revised Statutes, section 3090, by the

Treasury Department to the credit of the surplus fund, June 30, 1900.
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NATIONAL MUSEUM—HliILDINC REPAIRS, 1900.

KECKII'TS.

Appropriation t)y Congress for the fiscal year ending June oO, 1900, "for

repairs to buildings, shops, and sheds. National Museum, including all

necessary labor and material" (sundry civil act, March 3, 1899) ^^\, 000. 00

KXI'KNOrn'UKS.

Salaries or compensation

:

1 carpenter, (3 days, at $3 $18. 00

1 carpenter, 6 days, at $3 1 8. 00

1 carpenter, 18 days, at $3 54. 00

1 carpenter, 1 45 days, at $3 435. 00

1 skilled laborer, 2 months 1 1 days, at $60 141. 29

1 skilled lal)orer, 104 J days, at $2 209. 00

1 skilled laborer, 234 days, at |2 468. 00

1 skilled laborer, 26 days, at $2 52. 00

1 laborer, 233 days, at $1.25 291. 26

1 laborer, 15 days, at $1.50 22. 50

1 laborer, 16 days, at $1.50 24. 00

1 laborer, 15 days, at $1 .50 22. 50

1 laborer, 15 days, at $1.50 22. 50

1 laborer, 15 davs, at $1.50 22. 50

1 laborer, 15 days, at $1 .50 22. 50

1 laborer, 3^ days, at $1.50 5. 25

1 labon>r, 3J days, at $1.50 5. 25

$1,833.55
IMiscellaueous:

Terrazzo floors 2, IfiO. 31

Cement, sand, mortar, lime, gravel, and charcoal .

.

253. 45

Hardware 43. 44

Taints and oils 100. 32

Glass 158. 31

Steel beams and angles 457. 23

Drawings, decorating walls, etc 367. 25

Cloth and paper 19. 88

Doors and molding 260. 20

Lumber 65. 06

Bricks 13. 93

Removing dirt 10. 00

Total miscellaneous 3, 915. 38

Total expenditures - - 5, 748. 93

Balance July 1 , 1900 251. 07

NATIONAL MUSEUM—BUILl)IN(i REPAIRS, 1899.

Balance as per report July 1 , 1899 $81. 08

E.KPENi)rnTRF:s.

Special services $17. 00

Miscellaneous:

Cement 10. 55

Glass 15. 00

Hardware and tools — 8. 13
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Micellaneous—Continued.

Brick 17. 50

Lumber - - - 6. 29

Lime, mortar, sand 15. 70

Total expenditures I'*>f • 17

Balance July 1, 1900 91

BUILDING RP:PAIRS, 1899.

Total statrnicnt of nreipts and expendihir^s.

KKCEIPTS.

Appropriation by Congress July 1, 1898 $4, 000. 00

KXPKNDITURES.

Salaries or compensation $97:1 01

Special services - 1 7. 00

Total services $990. 01

Miscellaneous:

Terrazzo and mar])]e floors 1, 420. 56

Lumber 545. 45

Woodwork - 264. 00

Cement 199. 00

Hardware and tools 172. 53

Mortar, sand, gravel, lime, slate 150. 31

Paints and oils 89. 89

Iron grills - 29. 60

Brick 35. 85

Tiles - 31. 80

Removing dirt . 25. 00

Brushes 10. 50

Blue prints 2. 59

Glass 27. 80

Travel 4. 20

Total miscellaneous 3, 009. 08

Total expenditures - - 3, 999. 09

Balance July 1, 1900
'.

.91

NATIONAL MUSEUM—BUILDING REPAIRS, 1898.

Balance as per report July 1, 1899 |4. 53

Balance carried, under provisions of Revised Statutes, section 3090, by the Treas-

ury Department to the credit of the surplus fund, June 30, 1900.

NATIONAL MUSEUM—GALLERIES, 1899.

Balance as per report July 1, 1899 $4, 301. 66

EXPENDITURES.

Ironwork |1, 983. 88

Hardware 13. 57

Cement, etc 138. 85
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Drawings $4. 00

Advertising 9. 87

Bricks 7. 50

Woodwork 156. 00

Skylights and ventilators 1, 782. 20

Total expenditures $4, 095. 87

Balance July 1 , 1900 205. 79

GALLERIES, 1S99.

Total staletiit'iit of receipU and e.cpenditures.

RECEIPTS.

Aitjiropriation by Congress, July 1, 1898 $10, 000. 00

EXPENDITURES.

Salaries or compensation $940. 56

Total salaries $940. 56

^Miscellaneous:

Ransonie arches 1, 609. 38

Ironwork 3, 322. 23

Terrazzo tioor and marble 1, 295. 09

Lumber 103. 34

Blue i)riiits and drawings 81. 00

Advertising 61. 07

Hardware and tools 54. 56

Sand, slate, cement, mortar 234. 45

Brick 46. 00

. Canvas 29. 21

Paint , 25. 65

Travel 23. 10

Sheeting 21.12

Paper 5. 25

Drawings 4. 00

Woodwork , 156. 00

Skylight- and ventilators 1, 782. 20

Total miscellaneous 8, 853. 65

Total expenditures 9, 794. 21

Balance July 1, 1900 205. 79

NATIONAL MUSEUM—GALLERIES, 1898.

Balance as jter report July 1, 1899 $8. 87

Balance carried, under provisions of Revised Statutes, section 3090, by the Treas-

ury Department to the credit of the surplus fund, June 30, 1900.

NATIONAL MUSEUM—REBUILDING SHEDS, 1898.

Balance as per report July 1, 1899 $0. 78

Balance carried, under provisions of Revised Statutes, section 3090, by the Treas-

ury Department to the credit of the surplus fund, June 30, 1900.
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NATIONAL 1MU8EUM—BOOKS, lUOO.

KECEIPTS.

Appropriation by Congress for the fiscal year ending June 30, 1900, "fo'-

puri'hase of books, pauiplilets, and periodicals for reference in the

National Musenm" (sundry civil act, March 3, 1899) $2, 000. 00

KXI'KNDrrURES.

For purchase of Imoks, i>anii>hlets, au<l periodicals from July 1, 1899, to

June 30, 1900 - 1, 121. 28

Balance July 1 , 1900. 878. 72

NATIONAL MUSEUM—BOOKS, 1899.

Balance, as per report July 1, 1899 $699. 57

KXPENDrrURES.

For purchase of books, pamphlets, and perio<licals from July 1, 1899, to

June 30, 1900 - - 674. 49

Balanc-e, July 1 , 1900 - 25. 08

ASTROrilYSK'AL OBSEKVATi )l;Y, SMITHSONIAN INSTITUTION, 1900.

KKCEll'TS.

Appro] >riation Vjy Congress for the fiscal year ending June 30, 1900, " for

maintenance of Astrophysical Observatory, under the direction of the

Smithsonian Institution, including salaries of assistants, the purchase

of necessary books and periodicals, apparatus, printing and publishing

results of researches, not exceeding one thousand five hundred copies,

lepairs and alteration of Iwildings, and miscellaneous expenses, ten

thousand dollars " (sundry civil act, March 3, 1899) $10, 000. 00

iiisiunsK.MEN rs.

Salaries or compensation:

1 aid, 12 months, at $166.67 $2, 000. 02

1 junior assistant, 12 montlis, at $110 1 , 320. 00

1 instrument maker, lOj months and 262 days,

at $80 $908. 39

1 stenographei-, 1 2 months, at $75 900. 00

1 clerk, 1 mouth, at $100 _ 100. 00

1 fireman, 12 months, at $45 540. 00

1 cleaner, 169 days, at $1 169. 00

1 draftsman, 45 hours, at 75 ccut!^ 33. 75

1 carpenter, 26 days, at $3 78. 00

1 carpenter, 13 days, at $3 39.00

1 carpenter, 1 1 days, at $3 33. 00

1 carpenter, 10 days, at $3 30. 00

1 painter, 5| days, at $3 17. 25

1 painter, 1 day, at $2.50 "2. 50

1 painter, 1 day, at |2 2. 00

1 electrician, 1 7 days, at $2.50 42. 50

1 skilled la])orer, 5 days, at $75 13.13

1 skilled laborer, 2 days, at $2.25; 2 days, at $60 8. 37
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Salaries or t'ompens-ation—Continue<l.

1 laborer, 5 days, at §1.50 S7. 50

1 laborer, 2 days, at $1.50 3. 00

1 laborer, 1 day, at §1.50 1. 50

Total salaries or compensation s6, 248. 91

General expenses:

Apparatus and tools S926. 65

Books 122.90

Drawings 41. 75

Freight IS. 62

Castings 190. 98

Fuel. 27. 30

Furniture 2. 25

Postage and telegrams 2. 37

Stationery and supplies 882. 83

Traveling expenses 71. 33

Publications 704. 03

Lumber 44. 30
2, 535. 3]

Total disbursements S8, 781. 22

Balance July 1 , 1900 _ 1 , 215. 78

ASTROPHYSI('.A.L OBSERVATORY, 1N'J.».

Balance July 1 , 1899, as per last report $752. 36

DISBUKSKMENTS.
General expenses:

Apparatus §16. 90

Books 71. 47

Freight '

8. 95

Lumber 2. 90

Publications 453. 30

Supplies 194. 87

Total disbursements . . - 748. 39

Balance July 1, 1900 3. 97

ASTROPHYSICAL OBSERVATORY, Isgs.

Balance July 1 , 1899, as jjer last report §0. 17

Balance cairie<i, under the provisions of Revise<l Statutes, section 3090, l)y the

Treasury Department to the credit of the surplus fund, June 30, 1900.

OBSERVATION OF ECLIPSE OF MAY l'S. 1900.

RECEIPTS.

Appropriation by Congress '

' for cost of apparatus, transportation of observ-

ers and equipment, subsistence, reduction of observations, printing and
publishing of results, not exceeding one thousand five hundred copies,

and employment of such temporary aid as may be required, including all

necessary field and other expenses, four thousand dollars" (deficiency

act, February 9, 1900) $4, 000. 00

SM 1900- IV
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Salaries or compensation:

1 carpenter, 50* days, at §3 $lnl. 50

1 carpenter, 37 days, at $3 111. 00

1 carpenter, 17 days, at $3. 51. 00

1 carpenter, J day, at $3 1. 50

1 carpenter, * day, at $3 1 .
50

1 carpenter, * day, at $3 1. 50

1 carpenter, | day, at $3 1 .
50

1 painter, 5 days, at $3 15.00

1 awning maker, 9 days, at $1.50 13. 50

1 skilled laborer, 23 days, at ?60 45. 28

1 seamstress, 7 days, and 1 cleaner, 8 days, at !rl . .

.

15. 00

Total salaries or compensation 9-108. 23

General expenses:

Apparatus 8682. 52

Buildings 286. 00

Building material 76. 92

Castings 19. 65

Freight and hauling 28. 65

Lumber 97. 87

Rental 190.00

Supplies 183. 88

Traveling expenses 497. 08
2,062.57

Ti.tal dislmrsements 82, 470. 80

Balance July 1. 1900 1, 529. 20

NATIONAL ZOOLOGICAL PARK, 1900.

KECEIPTS.

Appropriatiou liy Congress fur the fiscal year ending June

30, 1900, "fur continuing the construction of roads, walks,

bridges, water supply, sewerage, and drainage; and for

grading, planting, and otherwise improving the grounds;

erecting and repairing buildings and inclosures; care, sub-

sistence, purchase, and transportation of animals, includ-

ing salaries or compensation of all necessary employes,

the purchase of necessary books and periodicals, and gen-

eral incidental expenses not otherwise provided for, sev-

enty-five thousand dollars; one-half of which sum shall be

paid from the revenues of the District of Columbia and the

other half from the Treasury of the United States; and of

the sum hereby appropriated five thousand dollars shall

be used for continuing the entrance into the Zoological

Park from Woodley Lane and opening driveway into Zoo-

logical Park from said entrance along the bank of Rock
Creek, and five thousand dollars shall be expended in wid-

ening the Adams Mill Road entrance to the Zoological

Park from the corner of Eighteenth street and Columbia
road, by acquiring by purchase or condemnation of land

sufficient to widen the same to a width of one hundred
feet, and such road, so widened, shall form a parkway under

the control of the Zoological Park" (sundry civil act,

March 3, 1899)
"

s75, 000. 00
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DISBURSE-MEXTS.

Salaries or compensation:

1 superintendent, 12 months, at S225 82, 700. 00

1 property clerk, 12 months, at $125 1, 500. 00

1 clerk, 6 months, at $75 ; 6 months, at $90 990. 00

1 stenographer, 12 months, at $62.50 750. 00

1 copyi.st, 3 days, at $1.50 4. 50

1 copyist, 12 months, at $75 900. 00

1 copyist, 2 months and 21 days, at 850 135. 00

1 head keeper, 12 months, at $100 1 , 200. 00

1 keeper, 1 month, at $75 75. 00

1 keeper, 12 months, at $60 720. 00

1 keeper, 12 months, at $60 720. 00

1 keeper, 12 months, at $60 720. 00

1 keeper, 11 months, at $60 660. 00

1 landscape gardener, 12 months, at $75 900. 00

1 assistant foreman, 12 months, at $60- 720. 00

I watchman, 12 months, at $60 720. 00

1 watchman, 4 months, at $50; 6 months, at $60 680. 00

] watchman, 12 months, at $50 600. 00

1 } )lacksmith, 12 months, at $75 900. 00

1 assistant blacksmith, 12 months, at $60 720. 00

1 workman, 12 months, at $60 720. 00

1 workman, 1 2 months, at $50 600. 00

1 workman, 33i days, at $50 54. 62

1 laborer, 6 months, at $50; 6 months, at $60 660. 00

1 laborer, 12 months, at $50 600. 00

1 laborer, lU months, at $50 575. 00

1 laborer, 3 months and 4 davs, at $50 156. 45

1 laborer, 35 months, at $45; 8 months, at $50 557. 50

1 laborer, 9i months and 9 days, at $20 195. 81

Total salaries or compensation 20, 433. 88

Miscellaneous:

Buildings 1, 114. 03

Building material 143. 20

Fencing, cage material, etc 1, 417. 13

Food 7, 239. 86

Freight 618. 12

Furniture 33. 00

Illustrations 75. 00

Fuel 638.81

Lundx-r 1, 198. 83

^Machinery, tools, etc 565. 84

Miscellaneous 910. 15

Paints, oils, glass, etc 77. 85

Postage and telegraph 100. 98

Purchase of animals 420. 75

Road material and grading 2, 603. 50

Special services 549. 99

Stationery, books, etc 293. 55

Surveying, plans, etc 85. 00

Traveling and field expenses 265. 13
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Miscellaneous—Continued.

Trees, plants, etc *-i26. 70

"Water supply, sewerage, etc 504. 02

Total miscellaneous 19, 2<Sl. 44

Wages of mechanics and laborers and hire of teams in con-

structing Ijuildings and inclosures, laying water pipes,

building roads, gutters, and walks, planting trees, and

otherwise improving the grounds:

1 laborer, 34i days, at $1 - 34. 25

1 laborer, IJ days, at $1 1-50

1 laborer, 12J days, at $1 - 12. 50

1 laborer, 12 days, at §1 12. 00

jstonebreaker, 15^ cubic yards, at 60 cents 1 49-60
jlaborer, 33 .lays, at SI J

(attendant, 101 days, at 75 cents
\ ^^^ , ok

(laborer, 218^ days, at $1 - - -
f

[attendant, 102 days, at 75 cents 1

i ,-fi *?5

[laborer, 79f days, at §1 J

1 laborer, 123 days, at §1; 242^ .lays, at $1.2i). 426. 13

1 laborer, 24^ days, at $1.25; 225f days, at Sl.'^O 369. 24

1 laborer, 1 day, at §1.25 1 . 25

[water boy, 113| days, at 75 cents I

|attendant, 28f days, at 75 cents
, ^_ .,

jlaborer, UOh days, at $1
j

(laborer, 22 days, at 81.25 J

1 laborer, 20| days, at §1.25 25. 94

1 laborer, 12 days, at $1.25 15. 00

1 laborer, 7^ days, at $1.25; 19 days, at $1.50 37. 56

1 laborer, 2J days, at $1.25 3. 12

1 laborer, 26 days, at $1.25 32. 50

1 laborer, 2J days, at $1.25 3. 12

1 laborer, 1 day, at $1.25 1. 25

1 laborer, 17 days, at $1.25 21. 25
1 laborer, 100} days, at $1.25; 104 days, at $1.50 281 . 32

.

1 laVjorer, 18i days, at $1.25 23. 12

1 laborer, 20^ lays, at $1.25 25. 62

1 laborer, 19} days, at $1.25 24. 06

1 laborer, 7} days, at $1.25 - 9. 06

1 laborer, 7} days, at $1.25; 21* days, at $1.50 41. 31

1 laborer, 49 days> at $1.50 73. 50

1 laborer, 7 days, at $1.50 10. 50

1 laborer, 315f days, at $1.50 473. 65

1 laborer, 63f days, at $1.50. - - . - 95. 62

1 laborer, 2 days, at $1.50 3. 00

1 laborer, 14 days, at $1.50 - 21 . 00

1 laborer, 264 days, at $1 .50 396. 00

1 laborer, 123} days, at $1.50 184. 87

1 laborer, 112* days, at $1.50 168. 75

1 laborer, 139 days, at $1.50 208. 49

1 laborer, 142^ days, at $1.50 214. 76

1 laborer, 35 days, at $1.50 52. 51

1 laborer, 284A days, at $1.50 426. 74

1 laborer, 272§ days, at $1.50 409. 01

1 laborer, 2 days, at $1.50 3. 00
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Wages of mechanics, lalxirer?:, etc.—C'ontimierl.

1 laborer, 9 days, at ?1.50 $13. 50

1 laborer, 7 days, at $1.50 10. 50

1 laborer, 206| days, at §1.50 310. 14

1 laborer, 7 days, at $1.50 10. 50

1 laborer, 365 days, at $1.50 547. 50

1 laborer, 11 days, at $1.50 16. 50

^
[laborer, 22| days, at $1.50

| ^^ ^^
Ipainter, 20| days, at $3 |

1 laborer, 139 days, at $1.50 208. 50

1 lal)orer, 1} days, at $1.50 1 . 87

1 lal)orer, 12 days, at $1.50 18. 00

1 laborer, 126i days, at $1.50 189. 74

1 laborer, 2 days, at $1.50 3. 00

1 laborer, 15 days, at $1.50 22. 50

1 laborer, 82J days, at $1.50 123. 75

1 laborer, 104| days, at $1.50 157. 13

1 laborer, 378| days, at $1.50 568. 13

1 lal)orer, 364| days, at $1.50 547. 13

1 laborer, 35 days, at $1.50 52. 50

1 !al)orer, 64^ days, at $1.50 90. 75

] laborer, 74 days, at $1.50 111. 00

1 laborer, 256J days, at $1.50 384. 39

1 laborer, 2 days, at $1.50 3. 00

1 laborer, 296i days, at $1.50 444.37

1 laborer, 366i days, at $1.50 549. 37

1 laborer, 185| days, at $1 .50 278. 62

1 laborer, 13 days, at $1.50 19. 50

1 laborer, 6 days, at $1.50 9. 00

1 laborer, 263j"days, at $1.50 395. 25

1 laborer, 10 days, at $1.50 15. 00

1 laborer, 159 days, at $1.50 238. 49

1 laborer, 11 days, at $1.50 16. 50

1 laborer, 22 days, at $1.50 33. 00

1 laborer, 22^ days, at $1.50 33. 75

1 laborer, 370i days, at $1.50 555. 38

1 laborer, 180 days, at $1.50 270. 03

1 laborer, 280^ days, at $1. 50 420. 36

1 laborer, 25i days, at $1.50 37. 88

1 laborer, 15i days, at $1.50 23. 25

1 laborer, 259 days, at $1.50 388. 50

1 laborer, 240| days, at $1.50 361. 12

1 laborer, 365 days, at $1.50 547. 50

1 laborer, 21 J days, at $1.50 32. 25
'

1 laborer, 61 days, at $1.50; 83 days, at $1.75 236. 75

1 laborer, 264| days, at $2 529. 50

1 laborer, 365J days, at $2 731. 00

1 laborer, 13 days^ at $2 26. 00

1 laborer, 138 days, at $2.50 345. 63

1 laborer, 9 days, at $2.50 22. 50

1 laborer, 365 days, at $2.50 912. 50

1 water boy, 78 days, at 50 cents 39. 00

1 water boy, 10^ days, at 50 cents 5. 13

1 water boy, 10 days, at 50 cents 5. 00

1 water boy, 18 days, at 50 cents 9. 00

1 water boy, 36 days, at 75 cents 27. 00
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Wages of mechanics, laborers, etc.—Continued.

1 water boy, 13 days, at 50 centK S6. 50

1 water boy, Ih days, at 50 cent?: . .75

1 water boy, 35 days, at 50 eents- . . ] 7. 50

1 water boy, 19 days, at 50 cents ^'.50

1 water boy, 1 day, at 50 cents .50

1 water boy, 21 days, at 50 cents; 39J days, at 75 cents. 40. l:;

jattendant, 1 76i days, at 75 cents I

I
water l)oy, 171i days, at 75 cents J

1 attendant, 10 days, at 75 cents 7. 50

1 attendant, 222 days, at 75 cents IHH. 50

1 attendant, 57 days, at 75 cents 42. 75

1 attendant, 15 days, at 75 cents 1 1. 25

1 attendant, 2 days, at 75 cents 1 . 50

1 attendant, 2 days, at 75 cents 1 . 50

1 attendant, 365 days, at 75 cents .-. 273. 75

1 weeder, 53 days, at 50 cents 26. 50

1 weeder, 58f days, at 50 cents 29. 38

1 stonel:)reaker, 10 cubic yards, at 60 cents <>. 00

1 stonebreaker, 86 cubic yards, at 60 cents 51. 60

1 stonebreaker, 28J cubic yards, at 60 cents 17. 10

1 stonebreaker, 35^ cubic yards, at 60 cents 21. 30

1 carpenter, 18 days, at §3 54. 00

1 carpenter, 15 days, at $3 45. 00

1 carpenter, 12 days, at §3 36. 00

1 carpenter, 6 days, at S3 18. 00

1 carpenter, 12 days, at $2.50 30. 00

1 carpenter, 307| days, at S3 923. 25

1 carpenter, 10 days, at $3 30. 00

1 carpenter. Hi days, at S3 - 34. 50

1 carpenter, 25^ days, at S3 75. 38

1 carpenter, 25| days, at S3 75. 38

1 carpenter, 26 days, at $3 78. 00

1 carpenter, 14| days, at S3 44. 25

1 carpenter, 21| days, at S2. 80 60. 90

1 paver, 1^^ days, at S3 -. 3. 75

1 1:)lacksmith, 10^ days, at S2.50 25. 62

1 workman, 365 days, at SI. 75 (538. 75

1 wagon and team, 85 days, at S3 255. 00

1 wagon and team, 120| days, at S3 362. 25

1 wagon and team, 19| days, at S3 59. 25

1 wagon and team, 12^ days, at S3 37. 50

1 horse and cart, 8^ days, at $1 .50 12. 37

1 horse and cart, 58i days, at §1.50 87. 75

1 horse and cart, 146} days, at SI. 50 219. 37

1 horse and cart, 21 days, at $1.50 31. 50

1 horse and cart, 6 days, at $1.50 9. 00

1 horse and cart, 7 days, at $1.50 10. 50

1 horse and cart, 2 days, at $1.50 3. 00

1 horse and cart, 27^ days, at $1.50 41 . 25

1 horse, 246| days, at 50 cents 123. 36

Total wages of meTTianics, etc 20, 377. 22

Total disbursements $60, 092. 54

Balance July 1, 1900 14, 907. 46
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XATIOXAL ZOOLOGICAL PARK, 1809.

Baluiice July 1 , LSiW, an per last report !?8, 800. 10

J1ISBURSEMENTS.

(.Teiieral exiieiiises:

Aniuials $118. 95

Buil.linj^rj^ 700. 90

Buildini; material 61. 8.3

Fencing and cage material ^ 41 . 29

Food 596. 50

Freight and hanling 322. 98

Fuel 16. 38

Lumber 238.60

Machinery, tools, etc 20. 32

^liscellaneous 95. 78

Paints, oils, glass 88. 8-1

Postage and telegraph 151. 19

Illustrations 53. 90

Eoad material and grading 88. 94

Stationery, books, etc 338. 98

Traveling expenses 43. 57

Surveying, plans, etc 411. 00

.Trees, plants, etc 89. 14

Water supply, sewerage, etc 239. 20

Total disl )ursements - >!3, 7 1 8. 29

Balan.v July 1, 1900 81.81

NATIONAL ZOOLOGICAL PARK, 1S9S.

Balance July 1, 1SH9, as i)er last report !?7 17

DISBrKSEMEXrS.

(General exjienses:

Postage and telegraph 65

Balance 6. 50

Balance carried, under the provisions of Revised Statutes, section 3090, by the

Treasury Department to the credit of the surplus' fund, .June 30, 1900.

RECAPITULATION.

The total amount of funds administered by the Institution during the year ending

. une 30, 1900, appears from the foregoing statements and the account l^ooks to have

been as follows:

SMITHSONIAN INSTITUTION.

From balance (jf last year, July 1, 1899 S74, 703. 42

From interest on Smithsonian fund for the year 54, 720. 00

From interest on West Shore bonds 1, 680. 00

From sales of publications 277. 84

From repayments of freight, etc 4, 131. 97
§135, 513. 23

-APPROPRIATIONS COMMITTED BY CONCmESS TO THE C.\RK OF THE IN.STITUTIOX.

International exchanges—Smithsonian Institution

:

From balance of 1897-98 6. 11

From balance of 1898-99 1, 829. 33

From appropriation for 1899-1900 24, 000. 00
25, 835. 44
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American Ethnology—Smithsonian Institution:

From balance of 1897-98 $35. 36

From balance of 1898-99 3, 035. 00

From appropriation for 1899-1900 50, 000. 00

§;53, 070. 36

Preservation of collections—National Mu.seum:

From balance of 1897-98 97. 28

From balanceof 1898-99 4,661.94

From appropriation for 1899-1900 - . . 170, 000. 00
174,759.22

Fui-niture and fixtures—National Museum:

From l^alance of 1897-98 1. 23

From balance of 1898-99 995. 28

From appropriation for 1899-1900 25, 000. 00
25, 996. 51

Heating and lighting, etc.—National ]\Iuseuni

:

From balance of 1897-98 5. 49

From balance of 1898-99 1, 780. 02

From a])i)ropriation for 1899-1900 14, 000. 00
15, 785. 51

Printing—National Museum

:

From appropriation for 1899-1900 17, 000. 00

Rent of workshops, etc.—National Museum:
From balance of 1897-98 .08

From balance of 1898-99 110. 08

From appropriation for 1899-1900 4, 040. 00
4,150.16

Postage—National Museum

:

From appropriation for 1899-1900 500. 00

Books—National Museum

:

From appropriation for 1899-1900 2, 000. 00

Building repairs—National Museum:
From balance of 1897-98 4. 53

From balance of 1898-99 81.08

From appropriation for 1899-1900 6, 000. 00
6, 085. 61

Galleries—National jNIuseum

:

From balance for 1897-98 8. 87

From balance for 1898-99 4, 301. 66
4,310.53

Rebuilding sheds, etc.—National Museum:
From appropriation for 1 898-99 .78

Astrophysical Observatory—Smithsonian Institution

:

From balance of 1897-98 .17

From balance of 1898-99 752. 36

From appropriation for 1899-1900 10, 000. 00
10, 752. 53

Observation of eclipse of May 28, 1900:

From ai^propriation 4, 000. 00

National Zoological Park:

From balance of 1897-98 7. 15

From balance of 1898-99 3, 800. 10

From appropriation for 1899-1900 75, 000. 00
78, 807. 25
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SUMMARY.

Smithsonian Ins^titution 8185, 513. 23

Exchanges 25, 835. 4-4

Ethnology 53, 070. 36

Preservation of collections ] 74, 759. 22

Furniture and fixtures 25, 996. 51

Heating and lighting 15, 785. 51

Printing 17, 000. 00

Rent of workshop 4, 150. 16

Postage 500. 00

Books 2, 000. 00

Building repairs 6, 085. 61

Galleries 4,310.53

Rel)uilding sheds .78

Astrophysical Observatory 10, 752. 53

Observation of eclipse of May 28, 1900 4, 000. 00

National Zoological Park 78, 807. 25

§558, 567. 13

The committee has examined the vouchers for payment from the

Smithsonian income during the year ending June 30, 1900, each of

which bears the approval of the Seci'etary, or, in his absence, of the

acting secretary, and a certificate that the materials and services

charged were applied to the purposes of the Institution.

The committee has also examined the accounts of the several appro-

priations committed Ijy Congress to the Institution, and finds that the

balances hereinbefore given correspond with the certificates of the dis-

bursing clerk of the Smithsonian Institution, whose appointment as

such disbursing officer has been accepted and his bond approved by
the Secretary- of the Treasury.

The quarterly accounts current, the vouchers, and journals have

been examined and found correct,

iStati'iiii'tit of reijnldr hircnne from the Smithsonian fund (irailahh' for iixc in tlic i/ror oicling

June 30, 1901.

Balance July 1, 1900 !?76, 219. 07

(Including cash from executors of J. H. Kidder) 85, 000. 00

(Including cash from Dr. Alex. Graham Bell ) 5, 000. 00

10, 000. 00

Interest due and receivable July 1, 1900 27, 360. 00

Interest due and receivable January 1, 1901 27, 360. 00

Interest, West Shore Railroad bonds, due July 1, 1900 840. 00

Interest, West Shore Railroad bonds, due Januarv 1, 1901 ... 840.00
56, 400. 00

Total availal)le for year ending Jmie 30, 1901 132, 619. 07

Respectfully submitted,

J, B, Hendersox,

Alexander Graham Bell,

Executive Conun ittee.

Washington, I), C, January 16^ 1901.





ACTS AND RESOLUTIONS OF CONGRESS RELATIVE TO THE
SMITHSONIAN INSTITUTION, NATIONAL MUSEUM, ETC.

(Continueil from ])revi()ii?- report?-.

)

[Fifty-sixtli Cniitrress, tirt^t f^es^ion.]

SMITHSONIAN INSTITUTION.

UrMolrrd hy the Stimfe and JIou^c of Representatives of the United

Statex (f Aiiiei'lca i)i Congress as.^eird>led. That the vacancy in the

Board of Regents of the Smithsonian Institution, of the class other

than Members of Congress, caused h\ the death of AVilliani Preston

Johnston, of Louisiana, shall be tilled ))y the appointment of Richard

Olnev, a resident of ^Massachusetts. (Approved. Januarv :^4, 1900;

Statutes, XXXI. 709.)

Rei^olved hy the Senate and House of HepreSentatives of the United

States of America in Congress asseinhted. That the vacancy in the

Board of Regents of the Smithsonian Institution, of the class other

than ^Members of Congress, shall be tilled l)y the reappointment of

Andrew D. White, a resident of the State of New York, whose term

of office has expired. (Approved, June 2, 1900; Statutes, XXXI, 71S.)

Resolred hy the Senate {the House of Representatives concurring),

That there be printed of "The Smithsonian Institution: Documents

relative to its C^rigin and Historv," seven thousand copies, of which

fifteen hundred copies shall be for the use of the Senate, three thou-

sand copies for the use of the House of Representatives, and two

thousand rive hundred copies for the use of the Smithsonian Institu-

tion. (Passed Senate April 2«). 19<>0; passed House Alay 11. 190(J.

Statutes. XXXI. lo, concurrent resolutions.)

Smithsonian Deposit [Library of Congress]: For custodian, one

thousand rive hundred dollars; one assistant, one thousand tAvo hun-

dred dollars; one messenger, seven hundred and twenty dollars: one

messenger boy. three hundred and sixty dollars: in all, three thousand

seven hundred and eighty dollars. (Legislative, executive, and judicial

act for 1901, approved April 17. 1900; Statutes, XXXI, 95.)

international EXCHAN<4ES.

For expenses of the S3\stem of international exchanges between the

United States and foreign countries, under the direction of the Smith-

sonian Institution, including salaries or compensation of all necessary
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employees, and the purchase of necessary books and periodicals,

twenty-four thousand dollars. (Sundry ciyil act for 1901, approyed

June 6, 1900; Statutes, XXXI, 602.)

NATIONAL MUSEUM.

For cases, furniture, fixtures, and appliances required for the

exhibition and safe-keeping of the collections of the National

Museum, including two thousand fiye hundred dollars for furnishing

new lecture room and including salaries or compensation of all neces-

sary employees, seyenteen thousand fiye hundred dollars.

For expense of heating, lighting, electrical, telegraphic, and tele-

phonic seryice for the National Museum, including three thousand fiye

hundred dollars for electric installation, seyenteen thousand fiye hun-

dred dollars.

For continuing the preseryation, exhibition, and increase of the

collections from the suryeying and exploring expeditions of the Goy-

ernment, and from other sources, including salaries or compensation

of all necessar}" employees, one hundred and eighty thousand dollars,

of which sum fiye thousand fiye hundred dollars may be used for

necessary drawings and illustrations for publications of the National

Museum; and all other necessary incidental expenses.

For purchase of specimens to supply deficiencies in the collections

of the National Museum, ten thousand dollars.

For purchase of books, pamphlets, and periodicals for reference in

the National Museum, two thousand dollars.

For repairs to buildings, shops, and sheds. National Museum,
including repairs of roof, and for all necessary labor and material,

fifteen thousand dollars.

For rent of workshops and temporary storage quarters for the

National Museum, four thousand and forty dollars.

For postage stamps and foreign postal cards for the National Museum,
fiye hundred dollars. (Sundry ciyil act for 1901, approyed June 6,

1900; Statutes, XXXI, 602.)

'

Printing and binding: For the Smithsonian Institution, for printing

labels and blanks, and for the ''Bulletins" and "Proceedings" of the

National Museum, the editions of which shall not be less than three

thousand copies, and binding, in half turkey, or material not more
expensiye, scientific books and pamphlets presented to and acquired

by the National Museum Library, seyenteen thousand dollars. (Sun-

dry ciyil act for 1901, approyed June 6, 1900; Statutes, XXXI, 613.)

BUREAU OF AMERICAN ETHNOLOGY.

For continuing ethnological researches among the American Indians,

under the direction of the Smithsonian Institution, including salaries

or compensation of all necessary employees and the purchase of nee-
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essary books and periodicals, lifty thousand dollars, of which sum not

exceeding!;' one thousand live hundred dollars may be used for rent of

building. (Sundry civil act for 1901, approved June 6, 1900; Statutes,

XXXI, 602.)

To pay amounts found due bv the accounting officers of the Treasury

on account of the appropriation "American Ethnology, Smithsonian

Institution," for the fiscal j^ear eighteen hundred and ninety-eight,

thirty-four dollars and ninety-one cents. (Deficiency act for 1900,

approved June 6, 1900; Statutes, XXXI, 286.)

Resolved hy the House of Hejyreseyitatives {the Semite concurring),

That there be printed at the Government Printing Office eight thousand

copies of any matter furnished by the Director of the Bureau of Ameri-

can Ethnology relating to researches and discoveries connected with the

study of the American aborigines, the same to be issued as bulletins

uniform with the annual reports, one thousand five hundred of which

shall be for the use of the Senate, three thousand for the use of the

House of Representatives, and .three thousand five hundred for distri-

bution by the Bureau. (Passed House April 7, 1900; passed Senate

April 27, 1900; Statutes, XXXI, 10, concurrent resolutions.)

ASTROPHYSICAI. OBSERVATORY.

For maintenance of Astrophysical Observatory, under the direction

of the Smithsonian Institution, including salaries of assistants, the

purchase of necessary books and periodicals, apparatus, printing and

publishing results of researches, not exceeding one thousand five hun-

dred copies, repairs and alterations of buildings and ndscellaneous

expenses, twelve thousand dollars. (Sundry civil act for 1901,

approved June 6, 1900; Statutes, XXXI, 6<)2.)

Observation of eclipse of May twent^^-eighth, nineteen hundred:

For cost of apparatus, transportation of observers and equipment,

subsistence, reduction of observations, printing and publishing of

results, not exceeding one thousand five hundred copies, and employ-

ment of such temporar}^ aid as may be required, including all neces-

sary field and other expenses, four thousand dollars. (Urgent defi-

ciency act for 1900, approved February 9, 1900; Statutes, XXXI, 11.)

NATIONAL ZOOLOGICAL PARK.

For continuing the construction of roads, walks, bridges, water

suppty, sewerage and drainage; and for grading, planting, and other-

wise improving the grounds; erecting and repairing buildings and

inclosures; care, subsistence, purchase, and transportation of animals,

including salaries or compensation of all necessary employees; the

purchase of necessaiy books and periodicals, and general incidental

expenses not otherwise provided for, seventy-five thousand dollars;
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one-half of which .sum «hall be paid from the revenues of the District

of Columbia and the other half from the Treasury of the United

States; and of the sum hereby- appropriated five thousand dollars shall

be used for continuing the entrance into the Zoological Park from

Cathedral avenue and opening driveway into Zoological Park, includ-

ing necessary grading and removal of earth: Provided, That the unex-

pended balance of the amounts, aggregating eight thousand dollars,

heretofore appropriated for widening, grading, and regulating Adams
Mill road from Columbia road to the Zoological Park entrance is

hereby reappropriated, to be expended under the direction of the Com-
missioners of the District of Columbia; and that the control of Adams
Mill road is hereby vested in the said Commissioners, and all proceed-

ings necessary to purchase or condemn the land necessary to widen

said road as authorized by Act approved March third, eighteen hun-

dred and ninety-nine, providing for sundry civil expenses of the Gov-

ernment for the fiscal year ending June thirtieth, nineteen hundred,

and for other purposes, shall be taken })y said Commissioners.

For construction of a bridge across Rock Creek on the line of the

roadway from Quarry road entrance, under the direction of the Engi-

neer Conmiissioner of the District of Columl)ia, twenty-two thousand

dollars, one-half of which sum shall l)e paid out of the revenues of the

District of Columbia. (Sundry civil act for 1901, approved June H,

1900; Statutes, XXXI, 603.)

The Secretary of the Smithsonian Institution is hereby authorized

to reimburse in the amount of two hundred and seven dollars and

seventj'-three cents, from the appropriation "National Zoological

Park, nineteen hundred," the oflicial account of John W. Morse,

assistant paymaster. United States Navv. for expenditures incurred

in the purchase, care, and forwarding of a collection of live animals

for the National Zoological Park during the fiscal year ending June

thirtieth, eighteen hundred and ninety-nine. (Deficiencv act for 1900,

approved June 6, 1900; Statutes, XXXI, 286.)

For grading and regulating Cathedral avenue from Connecticut

avenue to Woodley road and the highway along the west border of the

Zoological Park from Woodley road to Cathedral avenue, as shown on

the plan of the permanent system of highways, third section, twent\'-

one thousand dollars: Provided, That parties interested first deposit

with the collector of taxes of the District of Columbia an equal sum to

be used toward defraying the cost of the work: And provided, That

the full width of the highway bordering the Zoological Park be donated

to the District of Columbia whenever it lies within the limits of Wood-
ley Park.

And the Commissioners of the District of Columbia are hereb}'

authorized to use as a highway so much of the Zoological Park as lies

within the lines of said proposed highway.
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To construct a masoniT retaiuin*^' wall between Cincinnati street and

Woodley road to detine the limits of a new driveway which the Com-
missioners of the District of Columl)ia arc hereby authorized to layout

along the east side of Rock Creek from Connecticut avenue to Zoolog-

ical Park, four thousand dollars: Provided^ That all the land within

the limits of said highway between Cincinnati street and Woodley
road shall tirst be dedicated to the District of Columbia. (District of

Columbia act for 1901, approved June 6, 1900; Statutes, XXXI, 561.)

Resolved hy the Senate and House of Representatives of the United

States of Aiuerica in Congress assemhled^ That the sum of ten thousand

dollars, or so much thereof as may be necessary, be, and the same is

hereb3% appropriated, out of any money in the Treasur}- not otherwise

appropriated, for the repair of county roads and bridges (including

those in the Rock Creek and the Zoological parks) that were damaged

by the storm of June second, nineteen hundred, the same to be imme-

diately available, and to be expended under the Commissioners of the

District of Columbia. (Approved, June 7, 1900; Statutes, XXXI, 722.)

The Chief of Engineers of the United States Army is authorized to

make an examination and to report to Congress on the lirst Monday in

December, nineteen hundred, plans for the treatment of that section

of the District of Columbia situated south of Pennsylvania avenue and

north of B street soutliAvest, and for a suitable connection between the

Potomac and the Zoological parks, and in making such examinations

and plans he is authorized to employ a landscape architect of con-

spicuous ability in his profession; for services and expenses incident

to said examination and report the sum of four thousand dollars is

hereby appropriated. (Sundry civil act for 1901, approved June 6,

1900; Statutes, XXXI, 622.)

AMERICAN HISTORICAL ASSOCIATION.

Resolved hy tlie Senate and House of Representatives (f the i nited

States ofAmerica in Conijress assemhled. That there be printed of the

annual reports of the American Historical Association, beginning with

the report of the year eighteen hundred and ninety-nine, two thousand

five hundred copies in addition to those provided for under existing

law, of which live hundred copies shall be for the use of the Senate,

one thousand copies for the use of the House of Representatives, and

one thousand copies for the use of the American Historical Associa-

tion. (Approved, May 25, 1900; Statutes, XXXI, 717.)

PARIS EXPOSITION.

For each and eveiy purpose named in the paragraph in the sundry

civil appropriation Act, approved Jul}^ first, eighteen hundred and

ninety-eight, under the heading ''Paris Exposition," one hundred and

sixty-nine thousand five hundred dollars, of which amount not exceed-

ing ninety-six thousand five hundred dollars may be expended for
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buildings and appurtenances, including lire protection, pier landings,

approaches, and other construction; not exceeding fifteen thousand

dollars may be expended for an exhibit of negro education and indus-

tr}", and not exceeding twenty thousand dollars may be used for con-

tingent expenses of the commissioner-general, to be expended in his

discretion and audited on his certificate; and the limit of the appro-

priations provided for in said paragraph, as amended b}^ the sundry

civil appropriation Act approved March third, eighteen hundred and

ninety-nine, is hereby extended to one million one hundred and nine-

teen thousand five hundred dollars; the appropriation hereby made to

be available until expended: Provided., That the Commissioner of

Patents is authorized and directed to allow such patent models as have

been previously exhibited at any international exposition as the Sec-

retaiy of the Interior may select, to be transported to and from and

exhibited at said exposition in the custody of an employee of the

Patent Ofiice duly designated for that purpose b}" the Commissioner

of Patents; such models to be returned to the Patent Office at the

close of the exposition; but no models shall be removed concerning

which litigation is now pending.

For six additional commissioners, to be appointed as provided by

the sundry civil appropriation Act, approved July first, eighteen hun-

dred and ninetj^-eight, who shall perform the duties and be subject to

the limitations prescribed therein, at three thousand dollars each,

eighteen thousand dollars. (Urgent deficiency act for 1900, approved

February 9, 1900; Statutes, XXXI, S-t.)

NEW YORK PKINTING EXPOSITION.

JOINT RESOLUTION Authorizing the exhibit of Government relics at the New
York Printing Exposition from May second to June second, nineteen hundred.

Remlved hy tlie Senate and' House of Representatives of tfie United

States of America in Congress assembled^ That the Secretary of the

Treasury be, and he is hereby, authorized in his discretion to exhibit

at the New York Printing Exposition from May second to June second,

nineteen hundred, a geometrical scroll machine, and such other articles

now in the Bureau of Engraving and Printing; also "a picture of

Governor William Allen, of Ohio, on a saw blade," now in the posses-

sion of the Secret Service Division of the Treasury Department; also

copies of charts of Hell Gate, the Battery, and other New York City

points, to be printed from original copperplates now in the possession

of the Coast and Geodetic Survey", and such other articles in said

bureaus as may be of interest to the printing trades.

Sec. 2. That the Secretary of War be, and he is hereby, authorized

in his discretion to exhibit at said exposition medical catalogues, old

volumes, Avorks in Russian and other foreign tongues, now in the pos-

session of the Surgeon-General of the Army; also samples of work
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and manuscripts written on stumps, and so forth, by generals in the

war of the rel)ellion, now in the possession of the Rebellion Records

Division of the War Department, and such other articles as ma}^ be

of interest to the printing- trades.

Sec. 3. That the Secretary of the Interior be, and he is hereby,

authorized in his discretion to exhibit at said exposition such general

exhibit of patents as may be of interest to the printing trades.

Sec. 4. That the secrotar}- of the Smithsonian Institution be, and he

is herelw, authorized in his discretion to exhibit at said exposition the

old Ben Franklin printing press and such other articles now in the

National jMuseum as ma}" be of interest to the printing trades.

Sec. 5. That all expenses incurred in carrying out the provisions of

this joint resolution shall be paid b}" the directors of the New York
Printing Exposition, under such regulations as shall be adopted b}^ the

Secretar}'^ of the Treasury, the Secretar^^ of War, the Secretary of

the Interior, and the secretary of the Smithsonian Institution. (Ap-

proved, April 23, 11>00; Statutes. XXXI. p. 714.)

IX3UISTANA I'URCIIASE EXPOSITION.

For defraying the expenses of the Louisiana Purchase Exposition

Commission, when appointed, ten thousand dollars; and when the

Louisiana Purchase Exposition of nineteen hundred and three, a cor-

poration under the laws of the State of Missouri, shall have raised, to

the satisfaction of the Secretary of the Treasury, ten million dollars

for and oh account of inaugurating and carrying forward an exposi-

tion at Saint Louis, Missouri, to celebrate the one hundredth anniver-

sary of the purchase of Louisiana Territory by the United States,

then the United States will authorize the expenditure of the sum of

live million dollars for such exposition, to be disbursed under the

direction of ""The Louisiana Purchase Exposition of nineteen hundred

and three,'' under rules and regulations and under conditions to be

hereafter pi-escribed b}" the Congress: Vrovided^ licnceve'i\ That said

sum of five million dollars shall not be expended until the said sum of

ten million dollars raised by said Louisiana Purchase Exposition of

nineteen hundred and three shall have been expended for and on

account of said exposition, and there shall be repaid into the Treasury

of the LTnited States the same proportionate amount of the aid given

by the United States as shall be repaid to either the corporation or

the cit}^ of Saint Louis: And 2)rovidedfurther^ That all sums expended

l)y the Government on account of said exposition, except for its own
biuldings and exhibits and the care of the same, shall be deducted from

any general appropriation made for said exposition. (Sundry civil act

for 1901, approved June 6, 1900; Statutes, XXXI, p. 644.)
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REPORT
OF

S. p. LANGLEY,
SECRETARY OF THE SMITH SO XI AX IXSTITUTIOX,

FOR THE YEAR ENDING JUNE 30. 1900.

To the Board of Regents of the Smithsonian Institution.

Gentlemen: I have the honor to present herewith m}' report show-

ing the operations of the Institution during the year ending June 30,

1900, including the work placed under its direction b}'' Congress, in

the United States National Museum, the Bureau of American Eth-

nology, the International Exchanges, the National Zoological Park,

and the Astrophysical Observatory.

Following the precedent of several years, I have given, in the bodj^

of this report, a general account of the affairs of the Institution and

its bureaus, while the appendix presents more detailed statements by

the persons in direct charge of the different ])ranches of the work.

Independently of this the operations of the National Museum are fully

treated in a separate volume of the Smithsonian Report, and the

Report of the Bureau of American Ethnology constitutes a volume

prepared under the supervision of the Director of that Bureau.

THE SMITHSONIAN INSTITUTION.

THE ESTABLISHMENT.

By act of Congress approved August 10, 1846, the Smithsonian

Institution was created an "Establishment." Its statutory members
are the President, the Vice-President, the Chief Justice of the United

States, and the heads of the Executive Departments. The prerogative

of the Establishment is the '"supervision of the affairs of the Institu-

tion and the advice and instruction of the Board of Regents."

A vacancy in the membership of the Establishment, caused b}^ the

death of Vice-President Hobart on November 21, 1899, will remain till

March 4, 1901.

The Hon. Russell A. Alger resigned as Secretary of War, and was

succeeded by the Hon. Elihu Root.

SM 1900 1 1
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As organized on June 30, 1900, the Establishment consisted of the

following- ex officio members :

William McKinley, President of the United States.

(Vacancy), Vice-President of tlie United States.

Melville W. Fuller, Chief Justice of the United States.

John Hay
,
Secretary of State.

Lyman J. Gage, Secretary of the Treasury.

Elihu Root, Secretary of War.

John W. Griggs, Attorney- GenjCi'al.

Charles Emory Smith, Postmaster- General.

John D. Long, Secretary of the Namj.

Ethan Allen Hitchcock, Secretary (f tJie Interior.

James Wilson, Secretary of Agriculture.

BOARD OF REGENTS.

The Board consists of the Vice-President and the Chief Justice of

the United States as ex officio members, three members of the Senate,

three members of the House of Representatives, and six citizens,

"two of whom shall l)e resident in the city of Washington and the

other four shall be inhabitants of some State, but no two of them

of the same State."

In accordance with a resolution of the Board of Regents adopted

Januaiy 8, 1890, by which its animal meeting occurs on the fourth

Wednesday of each year, the Board met on January 24, 1900, at 10

o'clock a. m.

The following is an abstract of its proceedings, which will be found

in fuller detail in the annual report of the Board to Congress, though

reference is made later on in this report to several matters upon which

action was taken at that meeting.

The Secretary^ announced the death of Dr. William Preston John-

ston, and Senator Piatt announced that of Vice-President Hobart.

The action taken b}^ the Board will be found under the head of

"Necrology."

The Hon. William P. Frye. President pro tempore of the Senate,

was present, in accordance with custom, in place of Vice-President

Hobart, deceased. On January -1, 1900, the Speaker of the House
appointed Representatives R. R. Hitt and Robert Adams, jr., tb suc-

ceed themselves and Representative Hugh A. Dinsmore to succeed

Gen. Joseph Wheeler.

The vSecretary presented his report of the operations of the Institu-

tion for the fiscal year ending June 30, 1899, and said that the past

year had brought many evidences of the continued esteem in which

the Institution was held at home and al)road. It was certainl}^ at the

present moment better known in Europe than in any previous period

of its history.
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After the reports of the executive and permanent coliimittees, pre-

sented by their chairman, Senator Henderson, had been adopted, the

Secretar}^ stated that, owing to other business which was to come
before the meeting, he would abridge his usual statement. He then

spoke briefly of the National Museum, of the cooperation of the State,

War, and Navy Departments for increasing the collections of the

National Zoological Park, of the exemption b}^ the President from the

rules of the civil service of the Assistant Secretary of the Smithsonian

Institution, in charge of the National Museum, and one private secre-

tary or confidential clerk to the Secretary of the Institution, as well as

the waiving of competitive examinations for positions on the scientific

staff, and of other matters. He further referred to the fact that he

was continuing, with the sanction of the Regents, some experiments

for the Board of Ordnance and Fortification which were likely to take

up considerable time, and he desired to repeat that the Secretary's

time, which was parti}' given in his private hours, was all without

charge to the War Department.

The Secretary added that he had intended to bring before the Board

specific statements as to the position of the Smithsonian fund relative

to those of other institutions of learning, and to seek their instruction

as to the best means of increasing it. It was the most important sub-

ject, perhaps, that could be brought to their consideration, but in

view of the business immediately before them he deferred enlarging

upon it.

The special committee, composed of the Hon. J. B. Henderson, Dr.

William L. Wilson, Prof. A. Graham Bell, Dr. J. B. Angell, and the

Hon. R. R. Hitt, which had been appointed by the Chancellor in

accordance with a resolution passed at the previous meeting to con-

sider the proposal submitted by the Association of Agricultural Col-

leges and Experiment Stations for the establishment of a Bureau of

Graduate Study under the Smithsonian Institution, and all kindred

questions, presented a report which dealt comprehensively with the

subject (which will be found in the Report of the Regents to Congress),

and the committee was discharged.

The Board then adjourned.

APPOINTMENT OF REGENTS.

The Hon. Richard Olney, of Massachusetts, was appointed a Regent

to succeed Dr. Johnston, by joint resolution of Congress appi'oved by

the President on January 24, 1900, and Dr. Andrew D. White, of New
York, was reappointed a Regent by joint resolution of Congress

approved June 2, 1000.

As organized at the end of the fiscal year, the Board of Regents

consisted of the following members:

The Hon. M. W. Fuller, Chief Justice of the United States, Chan-

cellor; Senator William P. Frye, President pro tempore of the Sen-
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ate, in place of the Vice-President, deceased; Senator S. M. Cullom;

Senator O. H. Piatt; Senator William Lindsa}' ; Representative R, R,

Hitt; Representative Robert Adams, jr.; Representative Hugh A.

Dinsmore; Dr. James B. Angell; Dr. Andrew D. White; the Hon.

J. B. Henderson; the Hon. W. L. Wilson; Dr. A. Graham Bell; the

Hon. Richard Olney.

ADMINISTRATION.

The conduct of the business of the Institution, the management of

the bureaus under its charge, the relations with Congress, with the

Executive Departments of the Government, with colleges, universities,

societies, and libraries, with foreign establishments, governmental and

scientilic, and with the thousands of persons who address the Institu-

tion seeking aid, counsel and information necessitates details of admin-

istrative labors far in excess of what was contemplated in the early

days of the Establishment. To these the greater part of the Secre-

tarj^'s time must be given, leaving but a minor portion for engaging

in and directing scientific work.

As far as is consistent with an orderly scheme of government, the

management of the various interests are left to the officers in direct

charge of the several branches of the work. The Secretaiy feels that

he is fortunate in having such efficient and hearty support as he receives

from these gentlemen, yet all questions of policj^ and almost number-

less matters of detail arising from Government practice or the regu-

lations of the Regents require his immediate attention and must be

passed upon by him or by the Assistant Secretary, who should have

more than the merely clerical aid he has at present.

At the annual meeting of the Board of Regents of the Smithsonian

Institution, held on January 26, 1898, the following resolution was

unanimously adopted

:

'"''Resolved., That the Secretar}^ be instructed to request of the Presi-

dent such a modification of the civil-service regulations relating to

appointments as will permit an exemption of such scientific positions

under the Smithsonian Institution as the Secretary may deem best for

the interests of the Institution."

In accordance with this instruction the Secretary formall}^ laid the

matter Ijefore the President in a communication which, since it has

already been the subject of discussion in the public press, may not im
properly be here given. It is as follows:

December 5, 1898.

The President:

At the annual meeting of the Board of Regents of the Smithsonian

Institution, held on January 26, 1898, the following resolution was

unanimously adopted:

'"''Resolved^ That the Secretary be instructed to request of the Presi-

dent such a modification of the civil service regulations relating to
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appointments as will permit an exemption of such scientific positions
under the Smithsonian Institution as the Secretary may deem best for
the interests of the Institution."

Present: The Chancellor, the Chief Justice of the United States, in

the chair; the Vice-President of the United States; Senator Morrill,
of Vermont; Senator Cullom, of Illinois; Senator Gray, of Delaware;
Representative Hitt, of Illinois; Representative Wheeler, of Alabama;
Representative Adams, of Pennsylvania; ex-Senator Henderson, of
Washington City; the Hon. William L. Wilson, president of Wash-
ington and Lee University; Prof. Alexander Graham Bell, of Wash-
ing Cit}-; the Secretar}^ of the Smithsonian Institution.

In accordance with this instruction I respectfully request of the
President the exemption from the operations of the civil-service regu-
lations of the assistant secretaries in charge of the bureaus of the
Smithsonian Institution and of the heads of its several ])ureaus,

namely, the National Museum, the International Exchanges, the Bureau
of Ethnology, the Zoological Park, and the Astrophysical Observatory,
and to further respectfully rei)resent that the above exemptions are
indispensable to enable the Institution to serve the Government's
interests as it has hitherto done.

I further respectfully represent that in the opinion of the Regents
it is desirable that the Secretary should also have the power, as here-
tofore, of appointing scientific men of eminence as curators.

I ask to be permitted to state that men of high scientific position
have been usually found to be unwilling to subject themselves to exami-
nations, that the Smithsonian Institution has for more than a half cen-
tury secured to the Government the services of eminent men by selec-

tion from the whole body of American science, and that in my opinion
the public service will sufl'er if this can no longer be done.

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

S. P. Langley, Secretary.

In adopting the recommendations of the Regents the President, on

May 29, 1899, amended the civil-service regulations in the following

respects

:

Under section 3, Rule IV, noncompetitive examinations are per-

mitted to test the fitness of persons whom the Secretary of the

Smithsonian Institution shall nominate for appointment in the classi-

fied service, provided the Secretary shall certify that in his opinion

the positions to be filled "require such peculiar qualifications in

respect to knowledge and ability, or such scientific or special attain-

ments wholly or in part professional or technical as are not ordinaril}^

acquired in the executive service of the United States," on which

account " an examination should be waived in whole or in part." It

is required that the President of the United States shall approve such

nominations, whereupon the Civil Service Commission shall grant a

certificate of qualification, " upon such evidence as may be satisfactory

to it, that the person so nominated is eligible for and may be appointed

to such position by reason of his ascertained qualifications and by rea-

son of his age, health, and moral character." Such appointee may
not be transferred to any other position in the classified service except
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to one that may be tilled in like manner, ''and shall not be assigned

to any other duties than those pertaining to the particular position to

which thus appointed."

Rule VI is amended to relieve from the requirements of exam-

ination or registration the Assistant Secretary of the Smithsonian

Institution in charge of the United States National Museum, and

"not exceeding one private secretary or contideutial clerk to the Sec-

retary of the Smithsonian Institution."

BUILDINGS.

The fitting up of the lower story in the south tower of the Smith-

sonian building as an exhibition room specifically for children has

occupied attention at intervals during the year, and the preliminary

work is now approaching completion. To obtain a maximum of light,

large doors, fitted with glass, protected where necessary by a light

grill of wrought iron, have been placed on the south side, and the win-

dows have been enlarged as far as could be done without interfering

with the masonry. The columns which formerly occupied the room
have been removed and the apartment finished in light color.

The purpose in establishing this room has not been to appeal to the

trained adult mind, but to the untrained and even childish mind, and
to group the objects with regard to those characteristics attractive to

and comprehensible b}^ the general public, and particularly by chil-

dren. In this way it is hoped that the child at least will receive

impressions which will guide and influence it when serious studies are

taken up.

Further progress has been made in the renovation and rearrange-

ment of some of the storage rooms in the south tower, and changes

are in progress in the basement of the north tower.

Improvements in the Museum, the Astrophysical Observatory, and
the Zoological Park buildings are mentioned elsewhere.

FINANCES.

The permanent funds of the Institution are as follows:

Bequest of Smithson, 1846 |515, 169. 00

Residuary legacy of Smithson, 1867 26, 210. ().>

Deposits from savings of income, 1867 108, 620. 37
Bequest of James Hamilton, 1875 _ _ $1, 000

Accumulated interest on Hamilton fund, 1895 1, 000

2, 000. 00

Bequest of Simeon Habel, 1880 500.00
Deposits from proceeds of sale of bonds, 1881 51, 500. 00
Gift of Thomas G. Hodgkins, 1891 200, 000. 00
Portion of residuary legacy of Thomas G. Hodgkins, 1894 8, 000. 00

Total ])ermanent fund ^ 912, 000. 00
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In addition to the above permanent fund, the Kegems hold certain

approved railroad bonds, forming- part of the fund established by
Mr. Hodgkins for investigations of the properties of atmospheric air.

The fundamental act organizing the Institution (Section 5591, U. S.

Revised Statutes) was amended by act of Congress approved by the

President March 12, 1891, as follows:

The Secretary of the Treasury is authorized and directed to receive
into the Treasury, on the same terms as the original bequest of James
Smithson, such sums as the Regents may, from time to time, see fit to

deposit, not exceeding- with the original bequest the sum of one mil-

lion dollars: Provided^ That this shall not operate as a limitation on
the power of the Smithsonian Institution to receive monev or other
property l)v gift, l)equest, or devise, and to hold and dispose of the
same in promotion of the purposes thereof.

The permanent fund of $912,000, as above, is deposited, under this

provision, in the Treasury of the United States, and bears interest at

6 per cent per annum, the interest alone being used in carrying out

the aims of the Institution.

At the beginning- of the fiscal year, July 1, 1899, the unexpended

balance, as stated in my last report, was |71:,703.-12. The total receipts

for the 3'ear were $60,809.81, being- $56,100 derived from the interest

on the permanent fund in the Treasury and elsewhere, and $1,109.81

received from miscellaneous sources.

The disbursements for the j^ear amounted to $59,291.16, the details

of which are given in the report of the executive committee. The
balance remaining- to the credit of the Secretary on June 30, 1900, for

the expenses of the Institution was $76,219.07, which includes the

$10,000 specilically referred to in previous reports, as well as the

interest accumulated on the Hodgkins and other funds, which is held

against certain contingent obligations, besides relatively considerable

sums held to meet liabilities which may be expected to mature as a

result of various scientitic investigations and publications in progress.

Congress charged the Institution during the fiscal year 1900 with

the disbursement of the following appropriations:

International Exchanges, Smithsonian Institution $24, 000

American Ethnology, Sn:iithsonian Institution. 50, 000

United States National Museum:
Preservation of collections 1 70, 000

Furniture and fixtures 25, 000

Heating and lighting 1-1, 000

Postage 500

Repairs to buildings - ti, 000

Rent of workshops 4, 040

Books 2, 000

Printing 17, 000

National Zoological Park 75, 000

Astrophysical Observatory, Smithsonian Institution 10, OUO
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The executive committee lias examined all the vouchers for dis-

bursements made during the fiscal year, and a detailed statement of

the receipts and expenditures will be found reported to Congress, in

accordance with the provisions of the sundry civil acts of October 2,

1888, and August 5, 1892, in a letter addressed to the Speaker of the

House of Representatives.

The vouchers for all the expenditures from the Smithsonian fund

proper have been likewise examined and their correctness certified to by
the executive committee, whose statement will be published, together

with the accounts of the funds appropriated by Congress, in that

committee's report.

The following estimates for the fiscal year ending June 30, 1901, for

carr^dng on the Government interests under the charge of the Smith-

sonian Institution were forwarded as usual to the Secretary of the

Treasur3^

International Exchanges |24, 000

American Ethnology -. 60, 000

National Museum:
Preservation of collections 180, 000

Furniture and fixtures 17, 500

Heating and lighting 17, 500

Postage 500

Repairs to buildings 21, 500

Rent of workshops 4, 040

Purchase of specimens 25, 000

Books 2, 000

Printing 17, 000

National Zoological Park 105, 000

Astrophysical Observatory 15, 000

Observation of Eclipse of May 28, 1900 4, 000

The appropriations made by Congress for the fiscal year 1901 were
as follows:

International Exchanges $24, 000
American Ethnology 50, 000

National Museum:
Preservation of collections ISO, 000

Furniture and fixtures 17, 500
Heating and lighting 17, 500
Postage 500
Repairs to buildings 15, 000

Rent of workshops 4, 040

Purchase of specimens 10, 000
Books 2, 000
Printing 17,000

National Zoological Park 75, OOO
Astrophysical Observatory 12, 000
Observation of Eclipse of May 28, 1900 4, 000
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RESEARCH.

The Institution has continued research work in various fields of

science, including experiments in the solution of the problem of

mechanical flight, and, through its Astrophysical Observatory, inves-

tigations of the solar spectrum. A fuller account of the latter will be

found under the proper head.

The Institution has made some experiments during the year on

"radio-active substances," based on the discovery by Professor Bec-

querel in 1896, that uranium salts emit invisible radiations capable of

charging electrified bodies and of producing shadow images on sensi-

tive plates.

The Secretary secured from France and Germany specimens of chlo-

ride of radium, polonium subnitrate, and other radio-active substances

prepared by Monsieur and Madame Curie. These substances were

alleged to have the altogether extraordinar}^ property of emitting light,

that is, a form of energy, without limit, somewhat like the pretended

lamp of the medieval alchemists. A portion of this which was repre-

sented as having never been exposed to the sunlight, and which had

certainly been several weeks at least in total darkness, was opened by
Dr. Bolton in an entirely dark room, and immediately displayed a

feeble light which was, nevertheless, strong enough to enable the pho-

tographer to secure a very distinct print of a photograph. Other

experiments were made by Dr. Bolton, which will be found fully

described in the General Appendix of the Smithsonian Report for 1899.

It is not to be presumed that we have obtained this energy out of

nothing, but it remains to be shown what the something is out of which

it may have come. This subject has since attracted much interest

among chemists in this country as well as abroad. The experiments

at the Institution were perhaps the earliest, but not the only ones in

this country, and their publication seems to have excited such wide

attention as to justify this mention.

THE HODGKINS FUND.

The diflferent branches of research now progressing under grants

from the Hodgkins fund are making satisfactory advances.

Prof. William Hallock. of Columbia University, New York, has

supplemented his report of last year by a summary of the further

progress of his investigation of the motion of an air particle under the

influence of articulate speech. The instruments which Professor Hal-

lock has invented, and is now perfecting, have proved a great aid in

this research, and will, he states, enable him to settle definitely the

question of phase difi^erences in the components of a complex sound.

Prof. A. G. Webster, of Clark University, reports the completion

and successful application to the use for which it was designed of the



10 HE^^ORT OF THE SECRETARY,

new apparatus, perfec td with aid from a Hodgkins grant, by means

of which it is now posb ilc to measure the intensity of rapidly varying

sounds with i n accuracy not hitherto attained. A report of the results

of the further experiments of Professor Webster upon the propaga-

tion, reflection, and diflracticn of sound, the action of the megaphone

and the trumpet phonograph, as well as a verification of the theory of

resonators, is awaited later.

A grant was approved November 28, 1899, on behalf of Prof. Louis

Bevier, of Rutgers College, for an investigation of vowel-timbre on

the basis of the phonographic record. This research will endeavor

primarily to determine:

1. The characteristic parti.tl tones which differentiate the various

timbres recognized by the ear is the vowels of speech.

2. HoAV these partials varj^ i,i articulate speech, with stress, pitch

of fundamental, etc., and in the transition to other sounds.

This research is still in progress, and will be reported upon more
fully, but Doctor Bevier states that the vowels already studied form

a series acoustically, quite as truly as phonetically and physioIogicail3\

The meteorological investigations with kites have been successfully

continued at Blue HiU under the direction of Mr. Rotch with the

assistance of a grant from the Hodgkins fund. During the year

ending July 1, 1900, sixteen flights were made in four series in order

to obtain the changes \v ith height under different weather conditions,

the maximum altitude reached being 14,000 feet on June 21.

In addition to the above investigations a Hodgkins grant has been

approved to enable Mr. Rotch to carry on a series of experiments in

space telegraphy, it being thought that the unprecedented heights

attained by kites might materially extend the range of communication

by this method. In the preliminary experiments, however, kites were

not used, sufficient elevation being attainable without them, but when
the difference between the stations was increased from 1 mile to 3, kites

were employed to raise the transmitting and receiving wires. In the

later experiments it was found, not unexpectedly, that the long wires,

carried up and supported by kites, collected so much electricity as to

interfere with and great iy complicate the messages sent from station to

station. These interru[>tions seem to show that the limit of elevation

for the receiving wire was under these conditions less than 500 feet.

The greatest distance co /ered in the experiments was approximately 12

miles, from a wire supported by a kite about 200 feet above Blue Hill

to the tower of Memorial Hall in Cambridge, which was used as the

receiving station. These experiments draw attention to the fact that

electrification increases with the altitude to which the wire is carried,

and that it is always present, although varying with the meteorological

condition of the atmosphere. The experiments were discontinued in

the autumn of 1899.
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It has been found practicable to approve a second grant on behalf

of the journal. Terrestrial Magnetism, which was warmly recom-

mended by the committee for such aid last year. Professor Bauer, the

editor, as in the case of the first grant, agreeing to send out a specified

number of copies of his journal to scientific men and institutions.

In November of last 3^ear an application was received from Dr. Carl

Barus, now connected with Brown Univeisity, for a grant from the

Ilodgkins fund in aid of his experiments on atmospheric condensation.

This application, having been duly passed upon, was approved.

This research is supplemental to the experiments already conducted

by Dr. Barus, as described in Bulletin No. li}, of the Department of

Agriculture, and will be:

1. A study of the origin, activity, and growth of the condensation

producing dust particles; theii reactions on each other, their relation

to electric radiation, etc,

2. A study of the gro7/th, etc., of water corpuscles after conden.sa-

tion; the reaction of corpuscles of difl'erent sizes on each other, etc.

A preliminary report was submitted b}' Dr. Barus, and, in accord-

ance with the usage of the Institution and as a matter of interest to

those engaged in similar i vsearches, he has been invited to publisli in

the scientific journals a detailed account of his experiments.

A grant has been approved on behalf of Prof. Dr. R. von Lenden-

feld, of the University of Prague, for a study of the motion of birds

in actual free flight, a subject to which, although primarily known as

a zoologist and meteorologist, Dr. von Lendenfeld's attention has been

directed for years, and for the better understanding of which he has

made numerous anatomical preparations, physiological observations,

etc. The investigations of Dr. von Lendenfeld have been aided by

the Society for the Advancement of Scientific Research in Bohemia,

and also b}^ the Austrian Government. His publications have been

numerous, the simultaneous issue in German and English of his mono-

graph on flight having been arranged for by the author with Mr.

Fischer in Jena and Messrs. Macmillan & Co. in London.

Dr. von Lendenfeld's published work on his Australian explorations

and researches was submitted to the Institution in 1893, at which time

he entered his application for a grant, since fully considered and

advised upon, and now approved as above stated.

Since my last report an»application has been received for a grant in

aid of the researches on the spectrum which have been prosecuted

with ardor by Dr. V. Schumann, of Leipsic, for several years. As is

the custom, the question of the advantage to. science of such a grant

was referred to leading specialists, both in this country and Europe.

The testimony thus obtained as to the value of the work already

accomplished by Dr. Schumann, added to my own knowledge of his



12 REPORT OF THE SECRETARY.

investigations, led to the approval of a subvention from the Hodgkins

fund for the prosecution of researches in connection with the spectral

relations of atmospheric air. The apparatus b}" means of which Dr.

Schumann has heretofore secured such noteworthy results being

chiefly of his own invention, he has been permitted to apply the

present grant to the further perfection of his instruments before enter-

ing upon his special experiments, which will be definitely reported

upon as thej^ progress.

As referred to in my last report, in accordance with the purpose

of the Institution, copies of the Hodgkins prize memoir. La Vie sur

les hauts Plateaux^ which were obtained through the authors, Drs.

Herrera and Lope, have been distributed to the libraries and educa-

tional institutions of the country, thus making a valuable work accessi-

ble in widely separated localities.

In October of last year copies of the Hodgkins medal in silver and

bronze were presented to Pembroke College, Oxford, England, of

which establishment James Smithson, the founder of the Institution,

was a graduate. The receipt of the medals was acknowledged in the

following letter from the Right Rev. Lord Bishop Mitchison, master

of Pembroke College, through whom the presentation was made:

Pembroke College, Oxford, Novemher 19^ 1899.

Dear Dr. Langley: Yesterday your kind present of the copies of

the Hodgkins medal of the Smithsonian Institution came safely to

hand, and on behalf of myself and of the college I tender you my best

thanks for a beautiful and interesting gift. The medals will form a

suitable adjunct to the cases of books from the Institution, which
form, as you know, a feature in our college librarJ^

Believe me to be, very faithfully, 3^ours,

J. Mitchison.

In order that the scope permitted by the will of the donor in

expending the income from the Hodgkins fund may not fail to be

understood by those likely to be interested in the range of researches

which may be thus fostered, a circular, a transcript of which follows,

has been recentl}' issued:

SMITHSONIAN INSTITUTION.

[Presiding officer ex officio, tlic President of the United States; Chancellor, the Chief Justice of the
United States.]

The Hodgkins Fund.

In October, 1891, Thomas George Hodgkins, Esq., of Setauket,

New York, made a donation to the Smithsonian Institution, the income
from a part of which was to be devoted "to the increase and ditt'usion

of more exact knowledge in regard to the nature and properties of

atmospheric air in connection with the welfare of man.'"'

These properties may be considered in their bearing upon any or
all of the sciences

—

e. ^., not only in regard to meteorology, but in

connection with hygiene, or with physics, or with any department
whatever, either of biological or physical knowledge.



REPORT OF THE SECRETARY. 13

With the intent of furthering the donor's known wishes, the Insti-
tution hiis already given considerable money prizes for treatises em-
bodying new and important discoveries in regard to the nature or
properties of air. This form of encouragement will not at present be
renewed.
A gold medal has been established under the name of the " Hodg-

kins Medal of the Smithsonian Institution," which will be awarded
annually or biennially for important contributions to our knowledge
of the nature and properties of atmospheric air, or for practical appli-
cations of our existing knowledge of them to the welfare of mankind,
and grants of money are made from time to time to specialists engaged
in original investigations which involve the study of the properties of
atmospheric air.

These properties may be understood in the widest sense of the word.
Thus the physicist may consider them in an investigation which
involves the study, for instance, of atmospheric electricity, or of the
absorptive powers of the air, or of the atmospheric lines in the spec-
trum; the hygienist may be assisted in researches in this connection
looking to the promotion of health; or even the geologist, in a study
which connects the earth's crust with the absorption of the constitu-
ents of the atmosphere in past or coming time. Thus the Hodgkins
Fund may be considered to cover in effect something belonging to
nearly every division of the applied sciences.

It l)eing the desire of the Institution to give the widest extension to

the great purpose of the founder of this fund, and to prevent any mis-
apprehension of his Avishes, it is repeated, then, that the discoveries or
applications proper to be brought to the consideration of the Institu-

tion may be in the field of any department of science without restric-

tion, provided only that they have to do with "the nature and proper-
ties of atmospheric air in connection with the welfare of man.'*
The following conditions are imposed with a view to obtaining the

fullest possible benefit to science from grants made from the fund:
1. Applications for grants should have the endorsement of some rec-

ognized academy of sciences, or other institution of learning, and
should be accompanied by evidences of the capacity of the applicant,
in the form of at least one memoir already publifched by him, based
upon original investigation.

2. The purchase of necessary laboratory appliances for the particular
research in view is authorized, and in special cases on explanation b}'

the applicant, the payment of the salaries of assistants in prosecuting
such research; but the defrajauent of the purely personal expenses of

the grantee is not intended to be provided from monej^s advanced from
the Fund.

3. Upon the conclusion of a research, it is expected that any special

piece or pieces of apparatus purchased from a grant from the Fund
will ])e returned to the Smithsonian Institution.

•i. Should investigations for which a grant has been made be of con-

siderable duration, a summary of progress should be submitted to the
Institution at the end of six months, as well as a subsequent report in

which the results of such investigations may be recorded.
5. The Institution does not claim an}^ legal property in a research

promoted by its aid, but it expects to make the first publication of the
results obtained, if it desire to do so. If this can not be done without
dela}^, and if the results seem to require it, the Institution has, when
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requested, hitherto opposed no obstacle to the publication elsewhere
of the fullest abstract of oUch results, with the understanding- that

acknowledgment shall be made in any such preliiiilnary publication

of the assistance given b}^ it in promoting the research in which the

advances have been made.
All communications in regard to the Hodgkins Fund, medals and

publications, and all applications for grants of money, should be
addressed to

S. P. Langley,
Secretary of the Smitlmonian Institution.^

Washington., U. S. A.

NAPLES TABLE.

In accordance with the urgent desire of many of the leading biolo-

gists of the country, a contract for the Table in the Naples Zoological

Station for a third term of three years was entered into in Fe])ruary,

1900, and appointments to the seat were at once approved.

Dr. B. M. Duggar, of Cornell University, was accorded the seat

for six weeks during February and March, 1900.

Asst. Surg. V. G. Heiser, of the United States Marine-Hospital Serv-

ice, was permitted to use the Table at periods suited to his convenience

while stationed at Naples during the months of March and April, 1900.

As in this instance, the kindness of Dr. Dohrn, the Director, renders a

double occupation frequently possible, thus adding materially to the

service of the Table.

It is a matter of regret that Mr. Willard G. Van Name, who received

the appointment for six weeks during the spring, was prevented by
illness from filling his term at the Table.

Dr. T. H. Morgan, of Bryn Mawr College, who occupied the Smith-

sonian seat six months during the winter and spring of 1891-95, and

has since served temporarily on the Smithsonian Advisory Committee
for the Table, Avas reappointed for a part of June and eluly, ll>00.

The application of Dr. P. C. Mensch, of Ursinus College, Pennsyl-

vania, Avas approved for the month of November, 1900.

Dr. E. B. Wilson, Columbia University, New York, has returned to

this country and resumed his duties as a member of the Advisory

Committee. Each succeeding year renews the Secretary's sense of

obligation to the committee for the assistance afforded him in recom-

mending action on the various applications for the Smithsonian seat.

The reports of the different investigators appointed to the Tal)le

show that the advantages for research enjoyed at Naples are appreci-

ated by them; they also testify to the earnest desire of the Director

and his assistants to render all possible aid to those conducting

researches at Naples.

It may be noted that the established condition requiring an appli-

cant for the Table to submit, with his reijuest for the seat, a summary
of his scientific histor}", including a list of his published works, is not
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only an aid to the Institution in passing upon the question of appoint-

ment, but tends directly to the personal adyantag-e of the student at

Naples, as a summary of such histor}^ is forwarded to Dr. J^ohrn with

each notice of appointment.

EXPLORATIONS.

While it has never been possible for the Institution to deyoie large

amounts from its income for carrying on explorations, it has neyer-

theless been able to promote such work in yarious ways, parti(;ularly

in connection with the bureaus of the Institution and in cooperation

with the Executiye Departments of the Goyernment. The explora-

tions haye in these directions had a yery wide range, and haye been

productive of a very great increase in the knowledge of the natural

history of the regions visited and of the ethnological conditions of

the people.

During the past year the Institution has thus been more or less

directly concerned in explorations in various parts of the world, from

the arctic regions as far south as Patagonia, and in the distant posses-

sions in the Philippines, as well as in South Africa.

In the pages devoted to the National Museum, the Bureau of Eth-

nology, and the Zoological Park the detailed results of explorations

are narrated and need not be repeated here-

PUBLICATIONS.

Through the publications of the Institution and its bureaus, nuich is

done each year in carrying out one of its fundamental objects, the

'' diffusion of knowledge." Works covering practicall}^ every branch

of human knowledge have been distributed throughout the world to

libi'aries and institutions where they may best be available to scholars

and to the reading public.

The Institution itself publishes three established series—the Contri-

butions to Knowledge, the Miscellaneous Collections, and the Annual

Reports. In the first series, in quarto form, are published original

researches in yarious branches of science. The series of Miscellaneous

Collections, in the words of Secretary Henry (Smithsonian Report, 1861),

"includes works intended to facilitate the study of the various branches

of natural history, to give instruction as to the method of observing

natural phenomena, and a variety of other matter connected with the

l)rogress of science. Although the object of the Institution is not

educational, yet in carrying out the general plan it has been thought

important in some cases to publish elementary treatises, which will

not only furnish an introduction to special subjects to those who have

not access to expensive libraries, but also serve to point out the way

in which individuals by special studies can not only promote their own

enjoyment, but also cooperate with all others engaged in the same
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pursuit in extending the domain of knowledge. The objects of nature,

like the specimens of high art, are the luxuries of the cultivated mind,

and the awakening of a taste for the study affords an inexhaustible

source of pleasure and contentment to the most numerous and the

most important classes of the community."

In carrying out the policy planned for the Miscellaneous Collections,

there have been published in the 40 volumes of that series 106 bio

logical papers, 67 physical papers, and 22 papers of a business charac-

ter, such as lists of libraries, publications, and of correspondents.

The Annual Reports are accompanied by an appendix distinct in

purpose from the other publications of the Institution. Formerly the

Institution published a summary of the progress of science in all its

branches during the year, but this grew so increasingly inadequate

with the more numerous fields that science occupied that it was dis-

continued, and in its place has been published a series of articles,

occasionally original, but more frequently drawn from other and

nontechnical publications, giving short popular memoirs by writers of

authority on the subjects familiar to each, and collectively a resume

of those of most special interest in all departments of science which have

appeared during the year. The special characteristic of these memoirs

is that, while authoritative, they are nontechnical and of interest to

the general reader, and there are few portions of the work of the

Institution which more effectively serve in the diffusion of knowledge

than this.

The Institution publishes through the National Museum the Pro-

ceedings and the Bulletin and an Annual Report. Through the Bureau

of Ethnology there are likewise issued very complete works on Ameri-

can Ethnology.

During the past year the Annals of the Astrophysical Observatory

have for the first time appeared, the first volume having been put to

press and practically published at the close of the fiscal year. This

work is discussed somewhat in detail in the paragraph devoted to the

Observatory. It is an exhaustive account of the work of the Secre-

tar}^ during a long series of years in his study of the infra-red solar

spectrum, a work begun at Allegheny in 1878, and continued in the

Astrophysical Observatory of the Smithsonian Institution.

An important work put in type during the year, under special

authority of Congress, was a Documentary and Legislative History

of the Institution from 1836 to 1899, comprising about 1,900 pages,

to be published in two volumes.

There has also been in hand a second Supplement to Bolton^s Bibli-

ography of Chemistry, giving about 6,000 titles of academic disserta-

tions. The first part of the Museum portion of the Smithsonian

Report for 1897 was distributed early in the .vear; but the second part,

to consist of some of the more important papers by the late Assistant

Secretary, Dr. Goodo, has not been completed. Both the Smith-
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sonian and Miiseuni volumes of the 1898 Report were put in typo, but

it was impossible to issue them in liound form before the year closed.

In order to meet the demand for information in regard to the abo-

riginal antiquities of the West Indies, the Institution reprinted from

the Reports for 1876 and 1881, descriptions of the Latimer Collection

from Porto Rico and of the Guesde Collection in Pointe-a-Pitre,

Guadaloupe.

Of the Proceedings of the National Museum, Volume XXI was

published in bound form, and 28 papers included in Volume XXII
were issued as pamphlets.

As the principal paper in the Museum Report for 1898, it seemed

advisable to publish an exhaustive monographic treatise by the late

Professor Cope on the Crocodilians, Lizards, and Snakes of North

America.

The elaborate work b^^ Drs. Jordan and Evermann on the Fishes of

North and Middle America was brought to completion by the publi-

cation of Part 4: of Bulletin 1:7 of the Museum, this part consisting of

392 plates, with explanations, and a general table of contents of the

four parts of the work.

The Bureau of American Ethnology issued Part 2 of the Sevententh

Annual Report, but Part 1 has been delayed. The Eighteenth and

Nineteenth Reports are also in the hands of the Government Printer,

and some progress has been made in the printing of the first bulletin

of a new series authorized by Congress.

LIBRARY.

The number of volumes, parts of volumes, pamphlets, and charts

added to tiie library has aggregated 25,701. As this appears to show

a decrease over previous j^ears, it seems well to record the fact that

the decrease is apparent and not real. From the inception of the

Institution each item, even a periodical issued weekly, was separately

entered in the accession book. Last jeav the number of such items

aggregated over 36,000, and the clerical labor involved was very great.

Inasmuch as the separate parts were checked upon cards, it seemed

advisable to give up the old system which, while affording an abso-

lutely permanent record of each item, involved an expenditure of

energy disproportionate to the result. The Librarian of Congress

and the librarian of the Institution joined in recommending this

change.

From January 1, 1900, only completed volumes were entered in the

accession book.

INTERNATIONAL CATALOGUE OF SCIENTIFIC LITERATURE.

The third and final conference on an International Catalogue of

Scientilic Literature was held in London June 12 and 13, 1900, and the

United States Government was invited to participate, through the

SM 1900 2
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Department of State, a.s it has in the previous conferences. The

invitation requested the appointment of delegates prepared to pledge

their governments to definite support of tlie undertaking; and to meet

this condition the Secretary of State urged upon Congress an appro-

priation of $10,000 for the purpose. As Congress adjourned without

making the grant, it appeared that no authority existed to send a

representative to the conference with the powers stipulated in the

terms of the invitation, and accordingly none was sent. This result

is greatly to be deplored, since probably no country has a larger inter-

est in scientific bibliography than the United States.

So keenly was the absence of American co-operation felt, and the

danger of the entire failure of the undertaking was so apparent should

American aid not be forthcoming, that the Secretary inforniall}^ agreed

to draw upon the slender resources of the Institution temporarily, and

furnish to this international undertaking an index of American scientific

literature.

It is hoped that in some way Congress may ))e brought to see the

importance of this undertaking, and make adequate provision. It

would constitute a real reproach to the country, should America not do

its share in this work.

GALLERY OF ART.

The act of foundation of the Institution declares (section 5586 of the

Revised Statutes) that '

' whenever suitable arrangements can be made
from time to time for their reception, all objects of art and of foreign

and curious research, all objects of natural history, plants, and geo-

logical and mineralogical specimens belonging to the United States

* * * shall be delivered to such persons as may be authorized by

the Board of Regents to receive them, and shall be so arranged and

classified in the l)uilding erected for the Institution as best to facilitate

the examination and study of them;" so that the first object of the

Institution, in the eyes of its founders, appears to have been to give

it the curatorship of the art collections of the nation.

During its early 3"ears this object was promoted in various ways;

among others by the purchase of a very valuable collection of prints

and engravings belonging to the Hon. George P. Marsh. After the

fire in the Institutioii in 1865 these prints were deposited for tempo-

rary safe keeping in the Library of Congress and (with other works

of art) in the Corcoran Gallery.

Subsequent!}^ an appropriation was granted by Congress for making
a fireproof room in which these could be kept, but it was not until 1896

that the Regents provided for their recall to the Institution. In the

journal of the proceedings of the Board for 1896 (Smithsonian Report,

1896, pp. xiii and xiv) will be found the action taken by the Board
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providing for their restoration to their own immediate controL The
foUoAving resolution offered then by Senator Gray was adopted:

Rt'Kolved, That the question of the propriety of bringing the works
of art belonging to the Institution under the more immediate control

of the Board of Regents be referred to the Executive Committee and
the Secretary, with power to act.

In pursuance of this the Institution brought back to its own keeping

a number of prints of value, both from the Lil^rary of Congress and

the Corcoran Gallery, leaving, by an amica})le understanding with the

latter establishment, as a loan, a few of the works of art, notably a

large picture l)y Healy.

The old name of the collections was the ""Gallery of Art," a title

which seems almost too aml)itious for the present collections of the

Institution, though it is to be hoped that this designation will be justi-

fied by their future increase. These have been placed b}" me in a room
specially fitted up for that purpose (the Art Room), under the tem-

porar}^ charge of the librarian.

THE children's ROOM.

An educational museum has been elsewhere defined as ''a collection

of instructive labels, each illustrated by a well-selected specimen;'' but

tliough the first purpose of a museum be for the increase of original

knowledge by investigation and research, its second purpose is to

entertain as well as to instruct. To some extent the scientific system

of classification which requires a Latin name on every natural-history

specimen is associated with a treatment on the label which does not

principally consider what interests, but what instructs, and makes the

collection less entertaining than it might otherwise be to the general

public; but this, the customary arrangement, while right and neces-

sary for scientific purposes, and the one which must always chiefly

prevail, is not that which is most readily '" understanded of the people,"

almost the only way to whose comprehension lies through a newly

awakened interest and attention. It may truthfully be said that not

one in twenty persons who enter a museum of natural history does

profit in this sense by the intelligence conveyed along with the Latin

name, and though our own labels are chiefly in English, and though

the wants of this public have already been considered in the National

Museum in the collections as now displayed, it might seem to ))e pos-

sible to do yet a little more and to place at least in a restricted space

specimens which v/ill engage the interest of the majority of the public

and especialh" to bring these things within the reach of children.

Speaking for myself, and I believe for most other students of science,

I-may say that each will usuall}^ recognize that his "bent" toward his

particular study came to him at a very early period of his life, when

something which excited his childish wonder grew to have unaccountable
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attraction, which developed into a lifelong pursuit. At least if he can

remember, he will find that this "bent" did not begin in a dry instruc-

tion, but in something" which powerfully interested him.

This has been recognized as true philosophy from the time when
Aristotle said "Knowledge begins in wonder;" and with it in view I

have felt desirous of devoting at least some small portion of the col-

lections to the purpose of stimulating the wonder and interest of all

the unlearned, and especially of the children, and I am fitting up in

the south tower of the Smithsonian building a small room on the

ground floor which is to be called the "Children's Room." The little

group of specimens it contains is meant to stimulate, interest, and

entertain rather than to ostensibly instruct. Latin is banished from

its labels, and the classification is not that of science, but that which is

most intelligible to the untrained mind.

I shall return to this subject in a future report, when I can speak

both of the completion of the collection, which is not yet finished, and,

I hope, of useful results in the direction for which it is intended.

CORRESPONDENCE.

The correspondence of the Institution embraces letters having refer-

ence not only to the scope of work of the Institution, but also relating

to the bureaus placed by Congress under its direction. Many letters

relating exclusively to the activities of the bureaus mentioned are

referred to them for attention and answer, but those involving in any

way the policy of the Institution or relating to other than routine

matters are referred to the Secretar3^

As in former j'^ears, a considerable amount of correspondence relates

to matters not strictly within the purview of the Institution's inter-

ests, T)ut it has been the endeavor in ever}'^ instance where the infor-

mation desired could be readily obtained to supply the wants of the

applicant. Where the inquiry addressed to the Institution appears to

come within the immediate scope of the functions of some other l)ranch

of the Government service, the communication has been referred to the

chief of the department or bureau concerned, and the writer so informed.

The correspondence of the Institution is perhaps more varied and

embraces a wider range of subjects than obtains in other departments

of the Government, and but a very small percentage of the letters

received, concern business of a routine nature. It can readily be under-

stood that this circumstance requires an unusual amount of energy and
labor on the part of the staffs of the Institution and its several bureaus

to properly reply as fully as possible to correspondents.

The system inaugurated in 1890, of registering and referring letters

received at the Institution, when of sufficient importance to warrant

a permanent record of them, has continued in successful operation,

and entries have been promptly made and any arrears avoided.
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COOPERATION OF EXECUTIVE DEPARTMENTS.

The several Departments of the Government have always generoush^

cooperated in furthering* the interests of the Institution, particuhirl}^

in colloeting objects of biological or ethnological interest, and the

results of such cooperation are particularly seen in every department

of the Museum. Among those who have been most active in increas-

ing the collections have been officers of the Army and Navy who
have voluntarily given their services to the work.

In order to promote and increase the interest in the Institution on

the part of the officers of the United States resident in foreign coun-

tries, the Secretary of the Institution issued circulars to be sent to

United States consuls and to army and navy officers. The forms of

these circulars wore printed in the last Report, and it is gratifying to

note that a considerable number of oljjects have already been thus

acquired, as mentioned elsewhere.

EXPOSITIONS.

By act of Congress approved March 3, 1899, the sum of 1300,000

was appropriated for a Government exhibit at the proposed Pan-

American Exposition to be held at Buffalo in 1901.

The Government Board of Management in charge of the preparation

of the exhibit having apportioned a part of the sum for a display bj^

the Smithsonian Institution and its bureaus, considerable progress has

))een made during the yenv in gathering objects that would best illus-

trate the work of the Institution. In this connection a few objects

connected with the history of art will be exhibited on the part of the

Institution, but the collection will chiefly consist of specimens illus-

trative of its scientific functions, and more especially in the National

Museum and Bureau of Ethnology. An opportunity was thus afforded

for gathering biological collections in Cuba, as well as objects chiefly

of ethnological interest from the Philippines.

INTERNATIONAL CONGRESS OF ORIENTALISTS.

As mentioned in the last report, the Secretary, on December 9, 1898,

designated Dr. Paul Haupt, of Johns Hopkins University, as delegate

of the Institution to the Twelfth International Congress of Orientalists

at Rome, on October 3-15, 1899; and Dr. Haupt, as well as Prof.

Charles R. Lanman, of Harvard University, and Prof. Morris Jastrow,

of the University of Pennsylvania, were, upon recommendation of the

Secretary, appointed as delegates of the United States Government.

The congress was a notable one, nearly 600 persons being present,

of whom 15 were from the United States, and a number of valuable

papers were presented by the American members. One important
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outgrowth of the meeting was the establishment of an International

Association for the archseologic exploration of India. The next con-

^ess will be held in December, 1902, in Hamburg, German}^, while

Athens has been proposed as the place of meeting for the Fourteenth

Congress.

STAXDARDS OF COLOR.

Mr. Robert Ridgway, curator of ornitholog}^ in the National

Museum, published a number of years ago, for the use of naturalists,

a hand])ook on color, and he requested a grant from the Institution

for a new edition. It appeared to the Secretary that a work upon a

more extended scale and a somewhat different plan would l^e of value

primarily to naturalists, but also in ever}' department of science, to

artists, and in many liranches of industr}'.

At the present time there is practically no uniformity in the common
use of color names, one name designating as a rule as man}- as half a

dozen different shades; nor is there any absolute method commonly
availalile by which a person in one place can describe to a person in

another the exact shade or tint meant b}' a given name. The produc-

tion of a work which would obviate these difficulties and make availa-

ble what might be called the "constants of nature" in color, is

directl}' in line with previous publications of the Institution in

endeavoring to establish standards whereby a definite nomenclature in

scientific and popular writing might be introduced.

The conception is that of a comprehensive and important work, and

this has l)een under consideration for some time, for it has been felt

that it could not be undertaken by the Institution unless it was to be

done in a worthy manner. One of the difiiculties in such books as

they have hitherto been published, is that they are absolutely depend-

ent upon color illustrations which fade with time, so that the original

tints, which should be the standards of comparison, can not be

recovered.

The Secretary, after consulting with others expert in the matter,

decided that it would be desiral>le not onlj" to secure more })ermanent

tints, but to connect every tint published in the book with some defin-

ite wave length in the spectrum, whether the sohir spectrum or a com-

posite one. The investigations of Professor Rood and others show
that it is difficult to do this directl}', but that it can be effected by the

use of intermediate means of comparison.

Again, experiments must be made to determine how far this large

object (of connecting every tint employed with some definite wave
length or combination of wave lengths of light) is practicable. If it be

full}' so, the work may be said to be in one sense something absolutely

permanent, relating as it will to standards which can never alter with

time, so that, as has been said, those who expect that their writings
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will ho more permanent than the planet itself should take this method
of illustratino- them.

The work promised such magnitude that a conmiittee was appointed,

as follows: Mr. Ridg-way, curator of the ornithology in the National

Museum, as possible editor; Mr. Holmes, head curator of anthro-

pology, and known as an artist of ability: Dr. Gill, the distinguished

naturalist, and Dr. Adler, the librarian of the Institution, who has

been charged to procure information on the history of the subject.

To these it is quite probable there will be later added a physicist and
possibly a special colorist, unless these last two qualifications can be

found com1)ined in the same person, which is hardly probalde,

NATIONAL STANDARDIZING BUREAU.

The Hon. James H. Southard, chairman of the Committee on Coin-

age, Weights and Measures of the House of Representatives, invited

the Secretary to appear before the committee last April in regard to

the merits of a bill then before Congress for the establishment of a

bureau of standards, but he was unfortunately prevented from doing

so by other engagements.

It is proper to sa}^ however, that the establishment of a bureau of

standards is a mattei" in which the Secretary has been always greatly

interested, and that at the request of the Superintendent of the Coast

Survey he had an interview with him and made some suggestions in

reference to proposed legislation.

The Secretary was the first to establish a practical plan, which was

afterward verv generally adopted by the railwaj's of the United

States, for communicating standard time over long distances, and he

has always taken a special interest in the subject of determinations of

exact measurements in other ways.

The Smithsonian Institution has preserved in its Museum sets of

standards of the United States, and the Secretary has also personally

commenced a collection of instruments to illustrate the history of

standards in all countries. Certain archaic specimens which have

been acquired for this purpose are being at the present time arranged.

He takes this opportunity of recording the fact of his interest in the

measure now before Congress for the establishment of a national

bureau of standards, and saying that his testimony, if given before

the Committee on Coinage, Weights and Measures, would have l)een

in favor of the plan proposed in the bill under consideration.

PROPOSED CHALCEDONY PARK.

The region known as the Petrified Forest in Arizona has been a

place of much popular and scientific interest, and at various times the

question of setting the region apart as a Government reservation has

been agitated but without any definite action until the past year,
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when, uy a result of correspondence between the Institution and the

General Land Office, the further removal of fossil trees has been

prohibited.

Prof. Lester F. Ward visited the region in November, 1899, and

the results of his examination have been published by the Department

of the Interior.

The Secretary of the Smithsonian Institution received the following

letter from the honorable Commissioner of the General Land Office:

PETRIFIED FOREST, ARIZONA.

Department of the Interior,
General Land Office,

WasMngton^ D. C. , June 17, 1899.

Sir: I am in receipt of a certified copy of a memorial by the legis-

lature of Arizona praving that certain lands in Apache County, Ariz.,

in the vicinity of the town of Holbrook, known as the "Petrified For-
est," be withdrawn from entry with a view to creating a reservation

or national park for the purpose of preser\dng the natural wonders
and curiosities of the same.

I ha\'e the honor to request that you will kindly inform me whether
the records of the Smithsonian Institution furnish any information
respecting this locality indicating that the scenic features of the same
are of such a nature as to render it desirable, in the interest of the

public, to set these lands apart as a national park. I will ]>e pleased

to receive a full expression of your views on this subject, and also as

to the importance of preserving the mineralized formations iu that

region.

Very respectfully^ Binger Hermann,
Commiis8ion£r.

The Secretary of the Smithsonian Institution.

To this letter the following reply was made:

Smithsonian Institution,
• ^V((xhlngt(m, I). (J., July 7, 1899.

Sir: I have the honor to acknowledge the receipt of your comuumi-
cation of the 17th ultimo requesting information concerning the Petri-

fied Forest near Holbrook, in Arizona, as well as an expression of
opinion concei'ning the desirability of setting aside these lands as a
national park, and beg to furnish the following statement:
The region near Holbrook, Apache County, Arizona, known as the

"Petrified Forest," "Chalcedony Park," and " Lithodendron (stone

trees) Vane}^" is of great interest because of the abundance of its

beautiful petrified coniferous trees, as well as of its scenic features.

The trees lie scattered about in great profusion, but none stand erect

in their original place of growth as do many in the Yellowstone
National Park. The National Museum possesses three splendid trunks
collected there 1)}' Lieutenant Hegewald at the request of General
Sherman.
The best popular account of this region is given \^y Mr. George F.

Kunz, and is as follows:
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""Among- the great American wonders is the silicified forest, known
as Chalcedony Park, situated about 8 miles south of Carrizo, a station

on the Atlantic and Pacific Railroad, in Apache County, Arizona.
* * * The locality was noticed in 1853 by the Pacific Railroad
Exploring Suryey. * * * There is every eyidence to show that

the trees grew beside some inland sea. After falling they became
water-logged, and during decomposition the cell structure of the wood
was entirely replaced by silica from sandstone in the walls surround-
ing this great inland sea.

"Oyer the entire area trees lie scattered in all conceivable positions

and in fragments of all sizes, the broken sections sometimes resem-
bling a pile of cart wheels. * * * ji^ phenomenon perhaps unpar-
alleled and the most remarkable feature of the park is a natural bridge
formed by a tree of agatized wood spanning- a canyon 45 feet in width.

In addition to the span, fully 50 feet of the tree rests on one side,

making- it yisi])le for a length over 100 feet."

Lieutenant Hegewald writes:

"I rode down the valley to examine the thousands of specimens that

lay scattered on each side of the valley along- the slopes, which were
perhaps 50 feet high; the valley of the Lithodendron, at its widest
part, being scarcely a half mile. Along the slopes no vegetation what-
ever was to be seen, wood being very scarce; the soil was composed
of clay and sand mostly, and these petrifactions, broken into millions

of pieces, lay scattered all adown these slopes. Some of the larg-e

fossil trees were well preserved, though the action of heat and cold

had broken most of them in sections from 2 to 20 feet long, and
some of these nmst have been immense trees; measuring the exposed
parts of several, they varied from 150 to 200 feet in length, and from
2 to 4:^ feet in diameter, the centers often containing most beautiful

ciuartz crystals.''

Dr. Walter Hough, of the Smithsonian Institution, who has visited

the park, writes as follows:

"In the celebrated Petrified Forest, which is some 18 miles from
Hol])rook, Arizona, on the picturesque Santa Fe Railroad, there are

ruilis of several ancient Indian villages. These villages are small, in

some cases having merely a few houses, but what gives them a peculiar

interest is that the}" were built of logs of beautiful fossil wood. * * *

The prehistoric dwellers of the land selected cylinders of uniform size,

which were seemingly determined by the carrying- strength of a man.
It is probal)le that prehistoric builders never chose more ])eautiful

stones for the construction of their habitations than the trunks of the

trees which flourished ages before man appeared on the earth.

"This wood agate also furnished material for stone hammers, arrow-

heads, and knives, which are often found in ruins hundreds of miles

from the forest."

This "wood agate" or "wood opal" is now cut and polished into

floor tiling, mantels, clock cases, table tops, paper weights, etc. The
silver testimonial to the French sculptor Bartholdi, made by Tiffany

& Co., had for its base a section of this wood agate.

Prof. Lester F. Ward, an eminent paleobotanist, w^ho, while officially

attached to the staff' of the United States Geological Survey, also holds

the position of associate curator in the National Museum, expects to

^isit the Pacific coast this sunuuer, and may return by the southern

route. He tells me that if you so desire he would be pleased to visit



26 REPORT OF THE SECRETARY.

the region in question for the special purpose of procuring further

information regarding the features covered 1)}^ your inquir3\

In conckxsion I would say that all with whom I have consulted are

agreed that the " Petrified Forest," or " Chalcedony Park," of Apache
County, Arizona, should be preserved as a pul)]ic park for the benefit

of the American people. In no other area is there such a profusion of

highly colored stone trees. Fossil wood is scattered over a very great

area of Arizona, but the densest portion and chief place of interest is

"Chalcedony Park," an area of less than 5 miles square. This region

is al)out 20 miles south of Carrizo station.

A list of papers relating to the Arizona forest trees is appended.

Very respectfully,

Richard Ratiibun,
Acting Secretary.

Hon. BiNGER Hermann,
Commission ei" General Land Office^

Department of tlie Interior, WasJihujfon, I). C

MISCELLANEOUS.

Gifts.-—Among the gifts to the Institution during the 3'ear may be

mentioned an extensive and valuable collection of archaeological

objects presented to the Institution )\v Mr. Joseph D. McGuii-e, of

Washington.

Smithson tahlet.—The In-onze tablet afiixed, by the direction of the

Regents, to the tomb of Smithson in Genoa, having been stolen, it has

been ordered to be replaced by one in Carrara marble.

Foreign institutions.—Dr. Andrew D. White, ambassador to Ger-

manj' and a Regent of the Institution, was designated to represent the

latter at the celebration of the two hundredth anniversary of the Royal

Prussian Academy of Sciences, at Berlin, on March 19 and 20, 1900.

Dr. White attended, and, in his report of the ceremonies, suggested

that the formal congratulations of the Institution should be suitably

engrossed and forwarded to the Roval Academ3\ This was done

through the Department of State.

The congratulations of the Institution were also sent to the Kaiser

-

lich-Konigliche Geologische Reichsanstalt, on the occasion of its fif-

tieth anniversary, and to the Koniglich Sachsischen Altertumsverein

on the occasion of its seventv-fifth anniversarv.

THE NATIONAL MUSEUM.

Of the several bureaus of the Smithsonian Institution the National

Museum is of most general interest, and the administration of its busi-

ness has demanded most care.

The primary object of the Museum is the acquisition, preserva-
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tion. and classification of the collections of the Institution and the Gov-

ernment, which relate to nearly every branch of human knoAviedge.

The ])lacino- of these, when arranged by their curators, on public exhi-

bition in such a manner as best to alEford to visitors an opportunity

to acquire accurate general information concerning them may be

regarded as a necessary adjunct, and serves not only as a means of

instruction but also as a source of entertainment to the pul)lic.

The foundation of the Museum collections was the number of ethno

logical and ])iological objects brought to the United States more than

half a century ago by the Wilkes Exploring Expedition, and the collec-

tions made by explorers for the Smithsonian Institution, to whose care

these materials and every other object of natural history were later

transferred.^ The preservation and classification of these objects was

the work of those who for a number of years had charge of the Gov-

ernment collections in the United States Patent Office, and when these

were transferred to the custody of the Smithsonian Institution and were

placed on exhibition, and as other large collections were added to the

Museum, there came gradually into existence a store of valuable objects,

which were, however, unconsecutive and not only often duplicated, ])ut

frequently unrelated owing to the mode of their acquisition.

At the close of the Centennial Exhi])ition of 1876 at Philadelphia a

great number of collections, chiefly of industrial interest, became the

property of the Smithsonian IMuseum. For the accommodation of

these objects, a one-story building was Ijegun in 1879 and completed in

1881, containing an area of about 80,000 square feet, and built in the

cheapest manner. This structure was so entireh' inadequate to the

object for which a l)iailding of five or six stories over the same area

would have barely sufficed, that within two years from its completion

it was found to be too limited for the display of the exhi1)its then actually

on hand.

It was proposed as earl}' as 1882 to provide additional quarters for

the Museum, with the object of giving accommodation also to the Geo-

logical Survej', there being a proviso in the bill, however, that the pro-

^ '

' Whenever suitable arrangements can he made from time to time for their recep-

tion, all objects of art and of foreign and curious research, and all objects of natural

history, plants, and geological and mineralogical specimens belonging to the United

States, which may be in the city of Washington, in whosesoever custody they may be,

shall be delivered to such persons as may be authorized by the Board of Regents to

receive them, and shall be so arranged and (classified in the building erected for the

Institution as best to facilitate the examination and study of them; and whenever

new specimens in natural history, geology^ or mineralogy are obtained for the

Museum of the Institution, by exchanges of duplicate specimens, which the Regents

may in their discretion make, or by donation, which they may receive, or other-

wise, the Regents shall cause such new specimens to be appropriately classed and

arranged." (Sec. 5586, U. S. Revised Statutes.)
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posed building should always remain under the absolute direction of

the Eeg-ents.^

The Secretary, in his report for 1888, represented to the Regents the

insufficiency of the existing accommodations for the collections already

in the possession of the Museum, which at that time, within seven years

after the completion of the present Museum building, was alread}' found

to be wholly inadequate. The history of the Museum since then has

been a uniform one of representations to Congress by the Regents of

the increasing insutficienc}' of its building and lately its intolerable

inadequacy. '^

In 1899 the Secretary took occasion to say to the Regents:

"The nation has given an adequate house to its great collection of

books. Has not the time come to finally ask of Congress the provision

of an adequate home for this greater collection of specimens, a project

which was dear to the heart of your late colleague. Senator Mori-ill,

and one which he urged with almost his last breath ?

"

It has already been observed that by far the greater portion of the

treasures of the Museum have been acquired by Government explora-

^ The proposition was not viewed favorably by the Board, the Chancellor stating

"that it was desirable that new Museum buildings should be erected in any case,

but that since by an act of Congress a certain part of the pul)lic grounds had been

set apart and appropriated absolutely and exclusively to the Smithsonian Institu-

tion, he for one did not want to see anything else placed on these grounds."

He further said: "If the Smithsonian Institution is to grow, it will need them

all, and whatever is put upon them should be under our exclusive control." (Jour-

nal Proceedings of Regents, page xv, Report 1888.)

The remarks of the Regents in discussing this proposition indicated clearly that

the view of the Chancellor had their unanimous approval.
'^ A bill was introduced by Senator Morrill on June 12, 1888, for the erection of an

additional IMuseum building, and the measure was favorably acted upon by the

Senate, but failed in the House. On June 21 of the same year Senator Morrill moved
the provisions of the bill in the form of an amendment to the sundry civil bill for

1889, and at the following session (January 17, 1889) he again introduced this pro-

vision as an amendment to the sundry civil bill for 1890.

In the Fifty-first Congress Senator Morrill again reported, from the Committee on

Public Buildings and Grounds, the bill for a new Museum building, which bill was

passed by the Senate April 5, 1890, and not being reported in the House, was, on

June 24, 1890, as in previous sessions, again reported by Senator INIorrill as an

amendment to the sundry civil bill (for 1891), which amendment was agreed to by

the Senate, but failed in conference, as before. On January 9, 1891, Mr. Milliken, of

the Committee on Public Buildings and Grounds, reported a bill with these same

provisions in the House and Senator Morrill again introduced it into the Senate as

an amendment to the sundry civil bill for 1892. The provisions were repeated in the

bill introduced in the Fifty-second Congress by Senator INIorrill, when the bill was

agreed to by the Senate, but no action was taken in the House. In the Fifty-third

Congress the same bill was introduced by Senator Morrill into the Senate, but not

reported. It was again introduced into the Fifty-fourth Congress and later as an

amendment. In the latter Congress Senator Morrill offered the identical ])rovisiou

as an amendment to the sundry civil bill for 1897. This was again agreed to by the

Senate, r^v^t failed in the House and was eliminated in conference.
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tion.s or by g-ifts from the people of the United States and foreig'n

countries, but while the people ma}' take just pride in what they feel

is their own, collections gathered in this way are, as has just been

observed, not only partially duplicated or triplicated, but are at the

same time fragmentary and lacking in that completeness that comes by
systematic work in bringing similar classes of objects together under

a well-considered system.

The tilling of the gaps just alluded to can onl}' be brought about by

the application of a purchasing fund. After repeated requests to

Congress, a small appropriation was made at the last session for the

special purpose of purchasing specimens, but the amount thus avail-

able is so limited and the deficiencies in the present collections are so

great that it will be impracticable to add any entirely new series of

objects at present, and the fund will be devoted to filling the gaps in

existing series. It is hoped that Congress may hereafter grant larger

sums for the acquisition of specimens.

The curators of the several departments of the Museum have con-

tinued during the past year the classification and arrangement of old

and new material preparatory to its exhibition. The information gath-

ered by the curators while examining and arranging specimens has in

many cases been printed in the form of descriptive catalogues contain-

ing scientific information expressed in such untechnical language that

visitors uninformed in the subject may readily understand the collec-

tions. The Secretar}^ has constantl}'^ had in view the importance of the

comprehensive labeling of objects placed on exhibition and he is grati-

fied that much progress has been made in this direction, the museum
having been well defined as a collection of instructive labels each illus-

trated by a well-selected specimen.

In the Appendix wall be found a report giving details in regard to

Museum work during the year, with reference to many important

accessions. Mention may be made here of a few additions of special

public interest, among which are a considerable number of memorials

of the war with Spain and the Philippine insurrection. To the geo-

logical collections were added some interesting fossil animals secured

from the fields of Wj^oming, and a large amount of zoological

material was collected in Cuba and Porto Rico. There has also been

transferred to the Museum the extensive and very valuable series of

vertebrate fossils collected by the late Professor Marsh during his con-

nection with the United States Geological Survey. This collection

aggregated five car-loads, and is particularly rich in specimens of the

gigantic Dinosaurs, besides fift}^ skulls of Titanotherium, probably the

best specimens in existence.

The general appearance of several of the Museum halls has been

improved by replacing the old wooden fioors bv terrazzo pavements,

and appropriation has been made for the completion of this much-
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needed improvement. ProgresH has also been made in furnishing with

suitable exhibition cases the new galleries, which temporarily relieve

a part of the congestion, and some interesting collections heretofore

crowded into narrow limits have thus been less inadequatel}^ displayed,

though the general aspect mav yet be said with truth to be rather that

of a storehouse than a museum.

BUREAU OF AMERICAN ETHNOLOGY.

The operations of the Bureau of American Ethnology were continued

under the direction of Maj. J. W. Powell and his efficient assistants.

The field work of the regular corps extended into Maine, New York.

Minnesota, Wisconsin, Indian Territory, Oklahoma, California, Ari-

zona, New Mexico, Cuba, Jamaica, Ontario, and Nov^a Scotia, while

special work was done in other districts. The explorations and

researches continue to yield valuable results in the form of contri-

butions to the science of ethnology, while the collections made in con-

nection with the work form an important tributary to the National

Museum,
One of the reconnoissances of the year extended to the Antillean

islands, which are supposed by students to have lain in the pathway

of important aboriginal migrations, and data of consequence were

obtained in the course of the work.

Among the recent acquisitions of the Bureau are two aboriginal

vocabularies, both famed among students. One of these is the Trum-

bull Dictionary of the Natick (Massachusetts) Indian language, which

was conveyed to the Bureau for publication through the intervention

of Dr. Edward Everett Hale, vice-president of the American Anti-

quarian Society, the custodian of the manuscript. The other is a dic-

tionary of the Maya language,- known as the Diccionario de Motul,

which has been in existence in manuscript form for centuries, and

which is finally to be published through the agency of the Bureau.

Some practical importance attaches to the recent work of the Bureau

in connection with aboriginal agricvilture and crop plants. The inves-

tigation of the wild-rice industr}^ of the northern lake region espe-

cially, brings out a neglected phase of aljoriginal industry, and at the

same time directs attention to a promising natural resource.

One of the collaborators of the Bureau was detailed to the Govern-

ment Board of the Pan- American Exposition, and made importtmt

collections in the Philippine Islands, some of which are designed for

ultimate deposit in the Museum.
The details of the work of the Bureau are set forth fully in the

Appendix to this report.
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INTERNATIONAL EXCHANGES.

The free interchang-e of Government and .scientitic publications

between this country and the governments and learned societies of

other lands has grown to be one of the most important functions of

the Smithsonian Institution. Great nimibers of books arc annually

transmitted abroad and great (|uantities are received in exchange each

3^ear, the quantity handled during the past fiscal year aggregating

113,5(53 packages, weighing 109,991 pounds, an increase in weight of

more than one-fourth over the previous year.

These exchanges are in no sense of a commercial nature, for no

publications for sale are allowed transmission. More than one-half of

the exchanges consist of Government documents, while the other half

are publications exchanged between learned societies and men through-

out the world. The International Exchange Bureau has salaried resident

agents in London, Leipzig, and Budapest, and a large number of agents

in various parts of the world who lend their services gratuitously. The
correspondents who more or less regularly exchange publications

through the Smithsonian Institution now aggregate 33,951, of which

7,721 are in the United States and the rest in foreign lands, extending

even to the remotest corners of the world.

The expenses of the Exchange Service were for thirty years met
entirely from the income of the Smithsonian Institution, but when
public documents began to form so large a part of the transmissions

as to become an unbearable drain on its resources. Congress began to

make appropriations for the work, and the entire service, through

international treaties, has since become chiefly (though not entirely)

dependent on annual appropriations by Congress.

Publications from societies in this country intended for trans-

mission abroad must be delivered at the Institution free of expense,

and they are transmitted to foreign societies or individuals without

charge. Packages received from abroad are distributed in this

country under frank by registered mail.

The liberal policy of the United States Government in providing for

the service is not, however, reciprocated abroad except by a few of

the smaller countries. Great Britain, German}', and Austria have

never, while continuing the exchange service, subscribed to the

Brussels treaty,^ while France and Russia have contributed very mea-

^The treaty concluded at Brussels, March 15, 1886, ratified by the President of the

United States July 19, 1888, and of which ratifications were exchanged January 14,

1889, consists of ten articles, in which it is stipulated that there shall be establislied

in each of the contracting States a bureau charged with the duty of exchanges, which

shall embrace the official documents, parliamentary and administrative, which are

published in the country of their origin, and works executed by order and at the

expense of the Government; each bureau shall cause to be printed a list of the publi-
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gerly toward the service. The United States, it will be observed, is

the only fii'st-elass power which became a party to it, and it may per-

haps be suggested as a not improbable reason for the abstention of such

powers as England, France, Germany, or Russia, that the treat}^ would

bind them to an exchange system chiefly with smaller powers who could

not return as much as they received. This is an assumption oidy, but

it refers to a condition which the writer was obliged to have in mind
in his attempted negotiations.

The distribution of packages after the}^ reach Europe and other for-

eign countries is, owing to the conditions just stated, slow and uncer-

tain, except where the Institution has found it expedient to establish

and maintain agencies for promoting its own interests. The returns

from these countries, especially in the way of oflicial documents, has

moreover always been inadequate, due mainly, it would appear, to the

lack of appreciation of the benefits to be gained thereby, but in part

also to indifi^erence. Eft'orts have constantly been made by the Insti-

tution to stimulate a greater interest in the subject among foreign

countries, and representatives have been dispatched from time to time

to explain the exchange methods and solicit a more liberal participation,

but though something has been accomplished in this way, the relations

have remained until recently practicalh^ as the}' were in the beginning.

In 1870 Professor Henry went to England and while there testified

before an English Government scientific conmiission regarding the

international exchange S3^stem, as it was then constituted in the exclusive

charge of the Smithsonian Institution and carried on at its private

exyjense.^

Later, Secretary Baird sent Mr. George H. Boehmer, in immediate

charge of the Exchanges, to Europe on a similar errand, and twelve

years after, the present Secretary sent Mr. William C. ^¥inlock,

curator of the Exchanges, to Leipsic to endeavor to improve the

cations that it is able to place at the disposal of the contracting States, these several

bureaus of exchange to arrange between themselves the number of copies which they

may be able to demand and furnish; transmission shall be made direct Irom bureau

to bureai^; each State assumes the expense of packing and transportation to the place

of destination, but when transmission shall be made by sea, special arrangements may
be made as to the share of the expense that each State shall bear for transportation;

the several bureaus shall serve in an officious capacity as intermediaries between the

learned bodies and literary and scientific societies of the contracting States for the

reception and transmission of their publications. The duties of the exchange will be

confined to the mere transmission of the works of exchanges and will not in any
manner take the initiative to bring about the establishment of recii:>rocai relations

among correspondents.

The governments subscribing to this treaty are the United States of America,

Belgium, Brazil, Italy, Portugal and the Algarves, Servia, Spain, and the Swiss Con-
federation. The representative of France subscribed to the treaty, but his action was
not confirmed by the French Chambers.

^ Journals, Board of Regents, Smithsonian Institution, 1871); p. 775.
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exchange relations with Germany. On the occasion of Mr. Winlock's

»'isit the Secretary was in Europe and called personall}^, with Mr.

Eiistis, the American minister, on the minister of public instruction

'n Paris, and secured from him a promise that he would endeaAor to

obtain from the Chambers something more than the inadequate sum,

approximately $2,000, then provided for the French exchanges.

All these missions having proved only partially successful, however,

and the condition of affairs with France having grown worse rather

than better, the Secretary decided to give the matter his personal

attention in an otherwise unofficial trip he was making to Europe for

rest; a purpose with which this business interfered more than he had

anticipated.

The endeavor to improve the relations with the exchanges in Eng-

land, France and German}' commenced in the fiscal year covered b}^

the present report, but extended in its latter portion into the present

year. In order to avoid discontinuity, however, the Secretary presents

the Avhole subject at this time.

On the 5th of June the Secretary wrote as follows:

June 5, 1000.

Sir: I beg to bring to your attention a matter which has been the

subject of much correspondence between the Department of State and
the Smithsonian Institution during the past twent}^ years, and which
is still in a most unsatisfactory condition. I allude to the sj'stem of

international exchanges, which rests upon a treaty concluded at Brus-

•^els March 15, 1880, and which was signed by the President July 19,

1888.

To this treaty some of the most important nations of Europe have
)iever agreed. England and Germany are not parties to it at all,

while France and Russia conformed to a previous convention on the

suliject, but have never bound themselves to abide b}^ the terms of the

treaty. This works unfairly to this country, for whereas this Gov
ernment presents one copy of every document published at the Govern-
ment Printing Ofhce to the national or legislative libraries of foreign

countries, a most inadequate return is made; more especially from the

countries of which I speak. Representatives of the Institution have
been sent abroad on repeated occasions by my predecessors in this

office, and by me, to try to regularize our exchanges. They have all

failed, perhaps because as subordinate officers and not working with the

advice of the Department, they could not exercise a proper influence.

Complaints are frequently made through bureaus of this Govern-
ment of failures of the Exchange Service, due in reality wholly to its

inability to control the actions of foreign Governments, and these at

times are transmitted through the Department of State, which I have

accordingly had occasion to already advise that the relations which
exist with the principal foreign countries in this respect are not only

unsatisfactory, but tend to grow worse.
I should be glad to know whether the Department derems it expedi-

ent at this time to obtain the adherence of England, Germany, and
France to the Brussels treaty or to negotiate separate treaties, or

whether any other step could be suggested to bring about a result so

SM 1900 3
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eminently desiral^le to the Government .ser\dce, to the Library of
Congress, and to this Institution.

If the Department deem it expedient to take up the matter this

summer, I am prepared to go abroad without cost to the Department,
and if I could be useful by furnishing any ambassador or minister at

the posts mentioned with any detailed information he may desire I

should be very glad to put my services at its disposal.

I have the honor to be, sir, your obedient servant,

S. P. Langi.ey, Secretary.

The Secketaky of State,
lVas/tin(/ton^ I). O.

To the above eonnnuiiication the following reply was received:

Department of State,
Washington, June W, 1900.

Sir: I have the honor to acknowledge the receipt of 3'our letter of
June 5. in which you bring to the attention of this Department the
unsatisfactory condition of the system of international exchanges
which rests upon a treaty concluded at Brussels March 15, 1886. \ ou
state that some of the most important nations of Europe have never
agreed to this treaty, England and Germany not being parties to it at

all, while France and Russia conform to the provisions of the conven-
tion on the subject liut have never bound themselves to abide by the
terms of the treaty. You point out that this works unfairly to this

countr}', which receives an inadequate r(^turn for the documents which
it sends out. You call attention to the failure of previous attempts
to ameliorate the existing state of things. You inquire whether or
not it seems expedient to this Department at this time to obtain the
adherence of England, Germany, and France to the provisions of the
treaty or to negotiate separate treaties, or whether or not any other
system could be suggested to bring about a result so eminently desir-

able to the Government service, to the Library of Congress, and the
Smithsonian Institution.

You state that you are about to proceed abroad, and that you would
be disposed to place j^our services at the disposal of the Department
for the execution of plans for the improvement of the Exchange Serv-
ice. In reply to 3'our generous proposition I have the honor to say
that it does not seem expedient to endeavor to urge upon England,
Germany, and France adhesion to the Brussels treaty, as it is probable
that they have what appear to them sufficient reasons for not becouiing
signatories- to this convention. It is possible that one of their objec-
tions is that adherence to the convention would require them to furnish
complete sets of valuable publications to the smaller and less important
governments in exchange for publications which they may deem of
inconsiderable value. At all events it does not seem practicable to
endeaver to overcome their disinclination to become participants in the
arrangements of the treaty.

It is, however, eminently proper that during your contemplated
visit to Europe you should lay this matter clearly ))efore the diplo-
matic representatives of the United States in the capitals where your
journey may call you, and perhaps have personal con\'ersations with
those officers of the foreign governments to which reference has been
made, who may be able to facilitate the sending of publications of
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those governments in exchange for those sent from the United States.

Such arrangements as will secure to this country the full benefits which
might be secured through the adherence of England, German}^, and
France to the Brussels treaty may doubtless be obtained in this

manner, which would be found, perhaps, less objectionable to them
than a formal adherence to the convention, against which, for some
reason, they seem to entertain a prejudice.

I have the honor to be, sir, your obedient servant,

John Hay.
Hon. S. P. Langley,

Secretary of the Smithsonian Institution^

Washhir/ton., D. C.

The results of the Secretary's labors are suunuarized under the head

of each country separately, as follows:

ENGLAND.

On July IS the Secretary presented to the embassy a written state-

ment concerning the condition of exchange matters between the

United States and Great Britain, a copy of which follows:

London, England, July JS\ 1900.

Sir: The Smithsonian Institution, consisting of an establishment
composed of the President of the United States, the Vice-President,

the Chief Justice, and the heads of the Departments, was founded by
an act of Congress in the year 1846, with functions rather general
than local in their character, it being described in the words of the act

as ''for the increase and dili'usion of knowledge among men."
It has, as a part of these functions, at all times promoted the inter-

communication of literary and scientitic matter between the United
States and Great Britain, as well as with other nations, and this sys-

tem of literary and scientific exchange, while officially promoted bv
the Government of the United States since the first -half of the j^res-

ent century, has more recently been extended by the legislation of

which I now speak.

With the approval of the Secretary of State, I have then the honor
to address jou the following memoranda concerning the exchange of

official and other publications between the United States and Great
Britain, and to respectfully ask your interest in concluding a long-

needed arrangement which shall provide on the part of the British

Government for action reciprocal to that of the United States, regard-

ing, first, exchanges of official publications of the Government, and,

second, for scientific and literary exchanges.

MEMORANDA CONCERNING EXCHANGES BETWEEN THE UNITED STATES AND GREAT BRITAIN.

1. Government exchanges.

On March 2, 1867, the following joint resolution of Congress was
approved by the President:

'"''Resolved hy the Senate and House of Representatives of the United
States ofAmerica in, Gnujrcss assenil'led, That fifty copies of all docu-

ments hereafter printed by order of either House of Congress, and
fifty copies additional of all documents printed in excess of the usual
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number, together with fifty copies of each publication issued by any
department or bureau of the Government, be placed at the disposal

of the Joint Committee on the Library, wlio shall exchange the same,
through the agency of the Smithsonian Institution, for sucli works
pul)lishedin foreign countries, and especially by foreign governments,
as may be deemed by said committee an equivalent; said works to be
deposited in the Library of Congress."

In accordance with this, the United States has since that time
presented, through the Smithsonian Institution, a complete set of

all its official publications to the British Museum, for the British

Government.
In 1886, Belgium, Brazil, Italy. Portugal, Servia, and Spain entered

into a convention at Brussels, to which the United States was a party,

b}" which they agreed to reciprocal arrangements as to the manner of

exchanging both otficial and literary and scientific ])ublications, as well

as to the expenses of shipment and the establishment of offices.

To this convention Great Britain did not become a party.

On October 1, 1875, the Institution addressed, through the proper
channel, a request to the English Goxernment to arrange for an ade-

quate return on its part of its own publications for those sent b}' the

United States Government. Lord Derl)y, however, in a letter of

March 1, 1877, requested the American minister to "inform Pro-
fessor Henry, the Secretary of the Smithsonian Institution, that Her
Majesty is grateful for the offer made by the Smithsonian Institution,

but are not prepared to enter into an arrangement for the unlimited
exchange of documents suggested in his letter to you."
Various departments and offices of the British Government have

since sent in exchange British Goverinnent pu}>lications, but only
lately in a systematic manner and in quantity that would be deemed
an equivalent for those of the United States.

In the twenty-three yeava which have elapsed since Lord Derbj^'s

letter was written the already considerable sendings of the United
States Government to England have been increased more than three-

fold, and it seems now desirable that the British Government shall

(if it does not wish to become a pai'ty to the Brussels treaty) estab-

lish some suitable bureau or office charged with the duty of collecting

all publications not confidential, issued by Hei' Majesty's Government,
to be transmitted to the United States in exchange for the set of pub-
lications now forwarded to the British jVluseum. The Institution

has of late received British ofiicial publications from Her Majesty's
stationery office.

3. Scientific and literary excJtanges.

Since its foundation the Smithsonian Institution has conducted a

system of the exchange of literary and scientific pu1)lications volun-
tarily presented by institutions or individuals in the United States to

others in Great Britain and her colonies, and reciprocally. This inter-

national system has proven itself of the greatest value to literary

and scientific men everywhere, and it has been conducted through the

established agencies and correspondents of the Institution free of cost

to such institutions and individuals in Great Britain and her colonies.

This system was formally recognized in convention in Brussels

with regard to the participation above referred to, but in this case

Great Britaii,i has taken no steps to reciprocate.
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Up to tho present time, nev^ertheless, the Smithsonian Institution,

rather than interrupt this useful work, and while still acting for the
United States Government, has maintained in London an agency
transacting all the business for scientific institutions and individuals
within Great Britain that it could be expected the English Govern-
ment itself would transact.

It is desired that, in addition to the arrangement for conducting the
exchange of Government official publications above referred to, or as

a part of it, the Government of Great Britain shall establish such a
bureau to receive such literary and scientific exchanges within the
British Empire as the Smithsonian Institution does for Great Britain
within the United States, and that the British Government shall agree
to pay the cost of delivery at the port of New York or San Francisco
on all matter of this kind, the United States Government agreeing to

pay all the costs of delivery on similar matter either at the ports of
Liverpool or Southampton.

I beg to add. in anticipation of any possible inquiry, that as regards
the literary and scientific exchanges, not only are those of a mercantile
character not admitted, l)ut that such are rarely tendered even, and
that, so far as can be gathered from an experience of somewhat over
fifty years, the great advantages that this system ofi'ers to literar3'^and_

scientific men are unlikely to be abused.
I beg to inclose with this, for your convenience, a copy of a recent

letter from the honorable the Secretary of State, a copy of the Brussels
treaty referred to, and a copy of the History of the Smithsonian
Exchange System between the years 1841> and LSSl.

I have the honor to be, ver}^ respectfidl}^, j'our obedient servant,

S. P. Langley,
Secretary of the Smithsonian Institution.

The Hon. Joseph H. Choate,
American Ambassador to the Court of St. James.,

London.,England.

The ambassador, Mr. Choate, and the first secretarj^ of the embassy,

Mr. White, used every available means to bring the matter to the

attention of the foreign office, but it was not until October 9, after

the Secretary's return from France and German}^, that he was able to

arrange an interview with ]Mr. Villiers, the under secretary for foreign

affairs. In the course of this conversation, Mr. Oakes and Mr. Plow-
man, the assistant comptroller of the Secretary's office, were called in

for consultation. ]Mr. Villiers and his associates seemed to doubt if

^the English Government would undertake to act as a medium for the

forwarding and distribution of scientific exchanges, and stated that

the matter had already been referred to the treasury. The Secretary

represented that we did not want to involve them in an expenditure, as

they seemed to apprehend, but to have them meet us halfway, and
recognize the utility of the work which was now being carried on by
affording it an official sanction, such as our Government had already

done, thus giving to them something which they were not giving to

us. The Secretary laid stress upon the fact that we were not asking

them to enter on an3'thing resembling the general reciprocity of the
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Brussels treaty, l)ut to arrange for the exchange of such things with

the United States alone.

The Secretary found them disposed to hesitate as to recommending-

their Government to take up the subject of the scientific exchanges,

or to undertake to furnish a complete series of its publications, embrac-

ing all such works as are published by booksellers with the aid of

grants or subscriptions from the Government.

This last provision was objected to, but it seems to be easily modifi-

able. The interview was unproductive of immediate results, but the

matter was held open for further consideration, and the Secretary

stated that it was the intention of the Institution to write more particu-

larly as to exactty what it desired, and to propose only such terms as

reciprocal justice seemed to call for.

As an introduction to my efforts to bring the subject of m}'^ visit to

France before the ministr}-, I addressed a letter to the United States

embassv, setting forth the facts and the objects which it was my pur-

pose to accomplish. A cop}" of this letter follows:

July 28, 1900.

Sir: The Smithsonian Institution, consisting of an establishment
composed of the President of the United States, tiie Vice-President,

the Chief Justice, and the heads of departments, was founded by an
act of Congress in the year 1816, with functions rather general than
local in their character, it being described in the words of the act as

"for the increase and diffusion of knowledge among men."
It has as a part of these functions at all times promoted the inter-

communication of literary and scientific matter between the United
States and France, as well as with other nations, and this system of

literary and scientific exchange, while officially promoted b}^ the Gov-
ernment of the United States since the first half of the present century,
has more recently been extended by the legislation of which I now
speak.

With the approval of the Secretary of State, I have the honor to

address you the following memoranda concerning the exchange of
official and other pul)lications between the United States and France,
and to specially ask your interest in concluding a long-needed arrange-
ment Avhich shall provide, on the part of the French Government, for
action reciprocal to that of the United States concerning these two
classes, and regarding, first, exchanges of official publications of the
Government, and, second, for scientific and literary exchanges con-
ducted by the Government.

MEMORANDA CONCERNING EXCHANGES BETWEEN THE UNITED STATES AND FRANCE.

1. Exchange of Goi^ernment jniblicatlrni.^.

On March 2, 1867, the following joint resolution was approved by
the President:

'"'' lieaolved hy the Senate and House of Representatives of the United
States ofAmerica in Congress assemhled., Tnat fifty copies of all doc-

uments hereafter printed by order of either House of Congress and
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fifty copies additional of all documents printed in excess of the usual
number, together with lift}' copies of each publication issued by any
department or bureau of the Government, l)e placed at the disposal

of the Joint Committee on the Library, who shall exchange the same,
through the agency of the Smithsonian Institution, for such works
published in foreign countries, and especialh' by foreign governments,
as may be deemed bv said committee an equivalent; said works to be
deposited in the Library of Congress."

In accordance with this the United States has since that time presented,
through the Smithsonian Institution, a complete set of its official pub-
lications to the Bibliotheque Nationale, Paris, through the Bureau des
Echanges Internationaux.

In 1886, Belgium, Brazil, Itah', Portugal, Servia, and Spain entered
into a convention at Brussels to which the United States was a party,
by which they agreed to reciprocal arrangements as to the manner of

exchanging both official and literary and scientific publications as well
as the expenses of shipment and the establishment of offices.

To this convention France was a signatory, but did not ev^entually

become a part3\

The French ^Government, however, appears to have established a
bureau, '*des Echanges Internationaux,"
On February 8, 1879, the Smithsonian Instijtution addressed a request

to Baron de Vatteville, Commissionaire des Echanges Internationaux,
requesting * * * "not merely the special publications of some of
the scientific bureaus, but a series of ever3^thing published b}" the
State, as complete as that which we send, to inclucie the records of the
legislature of the Republic, its reports upon education, statistics, com-
merce, navigation, topographical and geological explorations, etc."

The returns made on account of this appeal have never been satis-

factory, and while the various departments and offices of the French
Government have from time to time sent in exchange some French
Government publications, the receipts have been wholly inadequate,
being less than one-fifth of the amount sent by the United States, and
consisting of ordinary reports, with few publications of intrinsic

value.

In this connection, I beg to state that in June, 1895, accompanied
by the then American minister, Mr. Eustis, I visited the Ministre
de I'lnstruction Publique et des Beaux Arts to obtain an improvement
of the International Exchange System in this particular, and also with
regard to the scientific and literary exchanges mentioned. He then
promised the American minister that he would apply to the French
Chambers for an additional grant for this bureau. He 'also promised
that he would demand an act for the better doing of this and to pro-

vide means of sending these publications more frequently, at least

every month. He also promised that a separate set would be sent to

the liljrary of the Institution.

I have received an official and written statement from Mr. Eustis

to the same effect.

You will see from the inclosed copy of a letter written on the part
of the minister of foreign affairs by the minister plenipotentiary on
July ^1>, 1895, that it is officially stated that the Ministre de ITnstruc-

tion Publique et des Beaux Arts has resolved to ask of Parliament a

''majoration'' of credit for the International Exchanges, and, further

than this, that he intends to have an arrangement with the different
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ministerial departments in order that everything- that the Government
publishes shall bo sent.

I partieularl}" eall your attention to this expression of intended offi-

cial action, which, so far as 1 know, has had no result.

It has been understood that this was due primarily to the wholly
inadequate appropriation of 10,000 francs, which appears to be all that

is given l^y tlie French Government for this service, as compared with

120,000 francs ($21,000) appropriated by our own Government for a

similar service.

It seems, then, desirable that the French Government shall, if it does

not desire to become a party to the Brussels treaty, undertake to make,
through some designated channel, delivery of all its official pu])lications

through the bureau in question in exchange for the set of publications

now forwarded to the Bibliotheque Rationale.

2. Scientific and liteniry exchanges.

Since its foundation the Smithsonian Institution has conducted a

system for the exchange of literary and scientific publications volun-

tarily presented by institutions and individuals in the United States

to others in France and her colonies, and reciprocally. Thi:. interna-

tional system has proved itself of the greatest vahie to literary and
scientific men everywhere, and it has been conducted on the part of

the United States Government by the Smithsonian Institution with

the understood cooperation of the French Government, the Institution

delivering the pul)lications in question at the port of Havre at the

cost of the United States Government. There has, however, been
much complaint from the correspondents of the Institution of the

delay of the delivery of publications forwarded from America to

France and from France to America, a delay which arises in French
territory and from causes beyond our control, 1'he French Govern-
ment now delivers French literary and scientific publications at the

port of New York, and the Institution punctually distributes these at

its own cost.

I beg to add, in anticipation of any possible inquiry, that as regards

the literary and scientific exchanges, not only are those of a mercan-
tile character not admitted, but that such are rareh" tendered even;

and that so far as can be gathered from an experience of somewhat
over fifty years, the great advantages that this system offers to literary

and scientific men are unlikely to be abused.

I beg to inclose with this for your convenience a copy of a recent

letter from the honorable the Secretar}^ of State, a copy of the Brus-
sels treaty referred to, and a copy of History of the Smithsonian
Exchange System between the years 1819 and 1881.

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

S. P. Langley,
Seci'etary of the Smithsonian Institution.

Henry Vignaud, Esq.,
Charge (TAffaires., United States Mnhassy,

Avenue Klwer., Paris.

In spite of the good will of the embassy, the Secretary found it impos-

sil^le to secure an immediate interview with the minister of public

instruction, and as he did not wish to remain in Paris indefinitelv he
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proceeded to Germany, and upon his return to Paris in Septenil>er it

was iinall}' arranged that he should call on the representati^•o of the

minister, as the minister himself was absent. The Secretary did so in

company with Mr. Henry Vignaud, the first secretary of the embassy,

but in the contiiuied absence of the minister the Secretar}^ was referred

to Monsieur Louis Liard, chief of the libraries of France, to whose

charge has recently been transferred the matter of the Exchanges,

and on whose recommendation the minister of public instruction, the

Secretary was assured, would almost certainly act.

The Secretary saw Monsieur Liard, who stated that the exchange

affairs had onl}^ recently come into his own department, and while

looking up the matter of appropriations the Secretary told him that

at a time when the French appropriation for the exchanges was

10,000 francs per annum the minister had explicitly promised him,

in the presence of the American minister, Mr. Eustis, that he would

ask the Chambers to increase the amount, instead of which, Mr. Liard

informed the Secretar}", the appropriation had been reduced to 6,000

francs. He then promised that there would be no further reduction, but,

on the contrary, that there would be an increase. The Secretary spoke

to him privately about the Smithsonian Institution, and told him the

difficulties that were experienced in France about the delay in trans-

mitting piircels to the interior, which he promised should he looked

after.

As a result of the conversation above noted, the Secretary believes

that there is a better prospect of an ultimate improvement in the

French exchange service than he has ever previously allowed him-

self to feel.

GERMANY.

A letter of similar tenor to that already cited to the American

ambassador at Paris was written to the United States ambassador in

Berlin, in which it was stated, however, that the United States Gov-

ermnent was sending through the Smithsonian Institution six entire

sets of its pul)lications to the German Empire, and that various depart-

ments and offices of the German Government have sent their publi-

cations in exchange, but not in quantity that would be deemed an

equivalent for those of the United States. It was further stated that

it seemed desirable that the German Government should, if it did not

wish to become a party to the Brussels treaty, establish some suitable

bureau or office, charged with the duty of collecting all publications,

not confidential, issued b}^ the Imperial Government, or by the govern-

ments of Baden, Bavaria, Saxony, and Wiirttemberg, to be transmitted

to the United States in exchange for the six sets of publications now
forwarded to Germany for those countries.
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Tlic cnil)as!5'y acknowledged the receipt of the Secretary's letter in the

following- terms:

Embassy of the United States of America,
'

Berlin, July 25, 1900.

Sir: Before going on leave Mr. White turned over to me your letter

of the 20th instant, the receipt of which has, I believe, already been
acknowledged. Mr. White did not, however, inform me as to wnat he
had written you, and now that he will not be here I do not know if it

is still 3^our intention to come to Berlin. I therefore write to say that

1 shall be here through the summer, and will gladly do anything in

my power to be of service in the matter in question. The Department
of State, under date of the 21st ultimo, had already instructed the

Embassy in regard to its assisting you.
As you are no doubt aware, German (Imperial, Prussian, Bavarian,

Saxon, Wiirttemberg, or Baden) public documents are not distributed

gratuitously as freely as are similar documents in the United States,

and that if any ministry or other similar office wishes to have more
than the limited number of such documents as are regularl}- placed at

its disposal it must purchase them from the publisher. You also, of

course, know that as yet Germany has no central distributing office

similar to that of the Smithsonian Institution, nor does any such office

exist in any of the several federated states. Moreover, I have not

heard of any intention to establish any such office or offices, and I do
not know of any central authority who (which) might be interested in

maintaining an exchange of puV)lic documents with all six of the insti-

tutions with which you noNv exchange. Would it not be practicable to

correspond with the heads of each of these six institutions, making
each one responsible for your receiving a proper return of the docu-
ments of the Empire or the individual State which 3"ou consider him
to represent i

Awaiting a further communication from you before taking any
action, I am, sir, your obedient servant,

John B. Jackson,
Charge (TAffaires.

'Hon. S. P. Langley,
Secretary of the Smithsonian Institution.,

Care ofAmerican Einhassy, London.

Upon the Secretp.ry's arrival at Berlin ho found a note at the

embassy from Mr. Herbert Putnam, the Lil)rarian of Congress, A\hich,

as it bears an important part in the work, is quoted in full:

Hotel Bristol,
Berlin, August 11, 1900.

My Dear Dr. Langley: I brought to Berlin notes of inti'oduction

from the German ani))assador at Washington to the imperial minister
of the interior and to the Prussian Kultus-Minister and had intended
to approach tliese officials in the matter of international exchanges.

Learning, however, at the American emimssy that you are to visit

Berlin on a similar mission, I have contented myself with the mere
delivery of my credentials, accompanying them, however, with a note,

in which 1 intimated the proljability of your visit and urged the
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importance of 3^0111- mission to the interests Avhidi I represent, includ-

ing the Congress of the United States.

I brought with me a memorandum (incomplete dou1)tless, j^et sug-
gestive) of the German imperial and of the Prussian serial documents
issued, with a note of those now in the Library of Congress. These lists

have been left at the embassy for you to use in case they may seem cal-

culated to l)e of service. They may, if you think best, be left with the
authorities here. If this seem inadvisable, they will be forwarded
from the embassy to the Librai-y of Congress. In such lists I am
careful to disclaim accuracy or completeness.

With best wishes, faithfulh' j^ours,

Herbert Putnam,
Lihrarian of Congress.

Mr. S. P. Langley,
Secretary, etc.

Upon reviewing the matter carefully with Mr. Jackson, the Secretary

was informed that there was no central authority in Germany, not

even the chancellor of the Empire, who could deal with the exchange

question. Each of the different States must be appealed to separately,

and the minor ones are jealous of any appearance of interference from
federal authorities. There seems to be positively no wa}'^ to get offi-

cial action short of the Reichstag, which could only provide the money,

})ut could not insure that the matter would be accepted ]jy the sepa-

rate states any more than the action of the United States Congress in

appropriating for our exchanges can bind the separate States of the

Union.

After my interview, Mr. Jackson kindly called on an official who
represented Prince Hohenlohe in his absence. This officer, however,

could not take upon himself to make even a suggestion in the absence

of Prince Hohenlohe as to what action might be taken.

The Secretary called at the Parliament House and consulted at length

with Dr. Muller, the librarian, who agreed that the only official who
it could be even remotely hoped would do anything with regard to

exchanges would be the chancellor. The only power that could act

authoritatively is the German Parliament itself, and Dr. Muller prom-

ised to interest himself in having the matter presented before it in

November, in the hope of some effectual action.

In this connection the Secretary may state that he arrived in Berlin

at a most inopportune time to transact the business he had in hand,

inasmuch as onh" two out of the sixteen ministers were in the cit}-, but

that the kindness of the embassy represented by Mr. Jackson did

everything for him that could be done under such condition.

NATIONAL ZOOLOGICAL PARK.

The act of Congress establishing the National Zoological Park placed

it under the direction of the Regents of the Smithsonian Institution.

It occupies about 170 acres in a region along Rock Creek valley, which
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i.s pr<)l)al)ly tho most Ix'aiitiful in its diversified natural features of any

similar park in any capital of the world. The objects of the park

have been abundantly set forth at other times. Though essentially

national and not local, it is intended to ha^'e, in connection with other

and remote national parks in ,the West, a representation of all our

North American animals which can be safely transported here, and it

is situated in the national capital to serve as a constant object lesson

of what Congress may do.

In addition to this, its primary function, the park receives animals

which are sent from various parts of the world by the officers of the

Anii}^ and Navy and other agents of the Government, and an extremely

limited number is added to its collection by purchase.

The present Secretary, who was instrumental in asking the interest

of Congress in originall^^ securing the fine tract of land embraced

within the park, has taken a continued interest in personally superin-

tending the details of its embellishment, always having it as a guiding

principle in his treatment of its features to leave nature largely to

herself, and not to attempt to beautify what is already Ijeautiful, but

to expend the means at his command in providing the necessary build-

ings for holding the collections and in making good roads which shall

make every part of this beautiful region accessible.

The extremely limited appropriations allowed by Congress have

made it almost impossible to carry out the original programme of pro-

curing a large collection of specimens of our native animals. Even
as it is, however, the collection is believed to ])e an extremely interest-

ing one, notwithstanding the limited means.

The present value of l)uildings, roadways, and other improvements

is estimated at about $150,000, and there are 839 animals, small and

great, in the collection. The Superintendent's report, on another page,

mentions a number of improvements made during the year, including

the completion of the antelope house, new paddocks and sheds for

moose, caribou, fallow deer, and arctic foxes, fence for buffalo pad-

docks, temporar}^ house for birds, and the contimiation of the drive-

way along Rock Creek.

The western boundary of the park, for some years past unsettled

owing to the provisions of the highway act, has been finally deter-

mined during the 3^ear. The terms of the legislation concerning this

boundary will be found in the superintendent's report, accompanied

b}^ an illustrative map. Its effect maybe stated brieffy as running an

avenue 90 feet wide through the highest portion of the land of the

park, where it is objectionable as disfiguring the landscape. It takes

away for this purpose about 46,000 square feet, and the change in-

volves the addition of 66,600 feet of lower lying and less desirable

land. So far, it is not in the interest of the park that this change

should have been made, but the legislation was not opposed, for i"ea-

sons of general public interest, and also because, if any avenue was to



REPORT OF THE SECRETARY. 45

be hero, it h;id better be of this width to move back the buildings

which will doubtless eventually 1)0 placed here, so that they may not

inmiediatoly dominate that portion of the park which was especially

intended to be secluded.

By act of Congress, March 3, 18H9, provision was made for widening

the Adams Mill road entrance to the park and placing under the con-

trol of the park, not only the portion of the road within the park, but

that exterior to it. As regards the portion exterior to the park, its

control as a residential street presented serious difficulties, and the

Secretary was willing to see this part placed by subsequent legislation

under the control of the Commissioners of the District of Columbia.

As a result of the circular sent abroad to officers of the United

States, mentioned in the last report of the Secretary, the Zoological

Park has secured some valua])le additions and has arranged for future

acquisitions. An account of these will be found in the report of the

superintendent.

Among the imperative needs of the park are a suitaljle })ird and

reptile house, a house for small mammals, and a building for the

aquarium.

Earnest oftorts have lieen made to obtain from Alaska one or more
specimens of the great Kodiak ))ear, but so far without success, and

unless Congress furnish means to do so within a very brief time, this,

the largest carniv^orous animal of the world, will beconie extinct.

ASTROPHYSICAL OBSERVATORY.

It is gratifying to be able to state that the first and long-delayed

vokmie of Annals of the Astroph3^sical Observatory is now aljout to be

issued. This volume is devoted primarily, though not exclusively, to

the investigation of the infra-red solar spectrum, its absorption lines,

and its variations in terrestrial absorption. This research, and the

development of the sensitive holographic apparatus with Av hich it has

been carried on, have largel}^ occupied the Astroph^^sical Observatory

since its foundation, and are a continuation of researches in which the

writer was engaged for many j^ears at the Allegheny Observatory.

The high degree of sensitiveness and accuracy which have now been

reached in the bolometric apparatus of the Astrophysical Observatory,

and the still greater progress in this direction which, as will be seen

in the detailed report of the aid acting in charge, is now being

achieved, place the Observatory in a position to enter new fields

of work from which it has hitherto been barred by the lack of suffi-

ciently sensitive appliances.

At the close of last year an application was made to Congress for a

special appropriation to observe the total solar eclipse of Ma}' 28,

1900, in this country.
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In view of the fact that the Observatory possessed a considerable

quantity of apparatus which could be usefully employed in the expe-

dition, and that the money could be chiefly allotted to the direct obser-

vations, the amount asked for was only $4:,000, and this, which was
granted bj'^ Congress, has been found, with strict econoni}-, to be

sufficient.

The appropriation was made on February 9, and preparations were
immediately connnenced for a rehearsal of the actual observations,

which were to take place later. In doing this the Institution, which

had borrowed, through the great kindness of Prof. E. C. Pickering,

Director of the Harvard University Observatory, an achromatic lens of

12 inches aperture and 135 feet focus, installed this with numerous other

pieces of apparatus in the open space immediatel}' south and west of

the Astrophysical Observatory, and all the material of the future

camp Avas placed in position there and the observers accustomed to

such portions of the work as could be undertaken in rehearsal.

The chief object of the expedition was intended to be the securing

of a number of photographs of the corona on different scales, and
especially on the unprecedentedh' large scale afliorded by the lunar

image of the 135-foot lens, which was about 15 inches in diameter.

This lens was, of course, placed so as to direct its beams horizontally,

the light l)eing fed into it b}' a "coelostat," the only considerable instru-

ment ordered specially for the expedition.

A lens of 5 inches aperture and 38 feet focus, kindly lent by Pro-

fessor Young, of Princeton, was placed in position to point at the sun,

and the equatorial portion of the coelostat was made to carry a photo-

graphic telescope of 6 inches aperture and 7 feet focus for obtaining

photographs of the portion of the corona near the sun. In addition

to this, special preparation was made for a photographic search for

intramercurial planets, which will be described later.

The question of the heat of the inner corona is an interesting one,

about which testimony differs, for although numerous attempts have
been made to measure it, they have been insufficient to give assurances

of an}^ positive result having been reached, particularly as some of them
have been in comparativeh^ inexperienced hands. The task of secur-

ing some authentic record of this with the bolometer the Secretary

assigned to Mr. C. G. Abbot, who has had long experience in the

use of the instrument and who was liberallv supplied with every
accessory that could be transported to the held, including the great

siderostat made b}' Grubb, which alone weighs many thousand pounds.

It had at first been intended to establish the camp at Winton, North
Carolina, but after anxious consideration, Wadesboro, in the same
State, was sul)stituted, and Mr. Abbot, with some of his immediate
assistants, and all the heavier apparatus, left for that place on the

3d of Ma}-. Owing to the kindness of the United States Coast and
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Geodetic Survey, Mr. G. K. Putnam was detailed to inak(^ the rccjui-

site determinations of latitude and lono-itude and also to determine the

position of the great horizontal telescope and the like accessory fea-

tures, and most acceptable service was rendered b}- him.

So full an account of the eclipse is given in Mr. Abbot's report that

it is onl}' necessary to say here that the observations were almost

luiiforml}^ successful. A considerable numl)er of photographs of the

corona were secured, some of which are upon an unprecedentedl}'

large scale, and these, it is believed, will be of value in investiga-

tions of the nature of this still enigmatical solar appendage. A
photographic search for hitherto unrecognized objects near the sun

developed the fact that even in an ordinary sky, in an eclipse in which

the reflected sunlight was brighter than usual, stars as small as the

8.3 magnitude could l)e secured.

The apparatus was designed not so much for this, however, as for

the obtaining evidence of possible intramercurial planets, but upon
this latter point we have not yet obtained any certainty. Certain sus-

picious objects are found on the plates, but unfortunately observa-

tions of the same kind at other stations were unsuccessful, so that

there is nothing with which to compare them. Studies are still going

on, however, and it is possible that this part of the observations may
yet 3deld results of interest.

The delicate and difficult observations upon the heat of the inner

corona were made b}^ means of the bolometer, and appear to have

been quite successful, being perhaps the first trustworthy observations

of the kind; and, as will be seen in the more detailed report, these

lend some additional weight to the view that the corona is something

analogous to an electric phenomenon.

NECROLOGY. '

WILLIAM PRESTON JOHNSTON."^

At a meeting of the Regents on Januaiy 24, 1900, Dr. Angell sub-

mitted the following minute to go upon the records in regard to the

death of William Preston Johnston, president of Tulane Universit}^:

President Johnston died at Lexington, Virginia, on Julj^ 16, 1899,
in the sixty-ninth year of his age. He Avas born in Louisville, Ken-
tucky, January 5, 1831. His father, the distinguished officer. Gen-
eral Albert Sidney Johnston, was of New England descent; his mother
was of the Preston family, long conspicuous in Virginia and Ken-
tuck} . Our late colleague, while a student in school and college, gave
promise of his future eminence. After graduation at Yale College he
studi(>d law and entered on the practice of his profession at Louisville.

But his dominant taste even then was for letters rather than for law.

On the outbreak of the civil war, like his father, be entered the
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Soutlun'ii Jii'my. Most of his service was rendered on staff duty, and
was regarded by his superiors as of the hig-hest vahie.

Soon after General Lee was called to the presidency of AVashington

and Lee University, he assigned to Mr. Johnston the chair of litera-

ture and history in that institution. The duties were most congenial

to him, and with marked success he held the position for ten years.

While there he wrote the well-known biography of his father.

In 1880 he was called to the presidency of the University of Louisi-

ana at Baton Rouge. With characteristic vigor he set about the task

of lifting it from its apparentl}^ moribund condition. When in 1883
Paul Tulane set apart a most generous sum for the (nidowment of the

iiistitution which now bears his nam(\ Colonel Johnston was asked to

organize the new university. With nuich tact and wisdom, he, with
others, made a successful endeavor to merge the State University and
the Tulane University in one institution, over which he presided with
signal efficiency to the da}' of his death. Tulane University comprises
several departments, and holds a most conspicuous position among
the universities of the South. It is the general verdict of those most
familiar with its history that its success has been largely, if not mainly,

due to the Avisdom. learning, and influence of our lamented colleague.

President Johnston was not onl}' a successful administrator, hut he
was also a waiter of decided literar}- merit. His essays on literary

su])jects and his occasional addresses are of a high type of excellence.

He has also printed at least two volumes of poems that breathe the

deeply religious spirit which was one of the marked characteristics of

the author.

President Johnston was held in the highest esteem l)y all who knew
him on account of his dignity, sincerity, and elevation of spirit.

For several years past he has had to contend in the discharge of his

important official duties with a serious bronchial affection which was
very debilitating. But his fidelitv to his trusts and his invincible

energy held him firmly at his post until the end of his days.

He was deeply interested in the work of the Smithsonian Institu-

tion. We wish hereby to record the expression of our sense of the

great loss we have sustained in his death.

The following resolutions Avere then adopted by the Board:

Whereas the Regents of the Smithsonian Institution are called upon
to mourn the death, on July 16, 1899, of William Preston Johnston,
LL. D., president of Tulane University, and a member of this board
since 1892,
Be it resolved, That the Regents desire to place on record an expres-

sion of their sense of the great loss thej^ have suffered in the decease
of their esteemed colleague, their high appreciation of his profound
scholarship and literary gifts, of his wise and conspicuous influence
in the promotion of sound learning, of his })rilliant and useful career
as a teacher and as an administrator of universities, of his sincere
devotion to the interests of this Institution, and of his pure and noble
character, which conuuanded the respect and affection of all who knew
him.

liesolved, That these resolutions be placed upon the records of the
Institution, that a copy be comnuinicated to the family of President
Johnston, and that we, the Regents, convey the assurance of deep
sympathy with them in their affliction.
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Garret A. Hobart,

Regent of the Smithsonian Institution. Born 1844, die<1 l.'<99.
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GAKRET A. HOBAKT.

At the same meeting of the Regents Senator Piatt announced the

death on Nov^ember 21, 1899, of Vice-President Garret A. Hobart, a

Regent of the Institution, and said:

As an associate and friend of the deceased Vice-President, Garret A.
Hobart, I wish to speak briefly of him and of his life.

He was taken away from us, from the countiy which honored him
and which he greatly honored, in the prime of his manhood and the
height of his usefulness. Though born without the accessory of for-

tune, his ancestry was of the best and his ]>lood the purest. A poor
boy, facing the world alone, he wrought out a career indeed enviable,
furnishing one more of the many examples of what a boy may become
in the estimation of all under our republican institutions. He pos-

sessed in a large degree the only am])ition worth cherishing—the ambi-
tion to make the most of himself, that he might l)e most useful. Like
other self-made men, he struggled for an education and for a place
among his fellow-men. Nature endowed him with its most generous
gifts—sagacity, manl}" force, cordiality, charity, intellectual and moral
attributes. Few men have possessed in a greater degree the capacity

to make and retain friends, ready to serve him and to promote and
advance his purposes.

It is often said that to succeed one must make enemies. Garret A.
Hobart was an exception to this rule. He had no enemies, but "troops
of friends." Of him it can bo said more truh^ than of anyone I have
ever known

—

None knew thee l)ut to love thee.

Nor named thee but to praise.

Office and honor sought him more than he sought them. He Ijrought

to the office of Vice-President a new dignity and new usefulness. He
achieved wealth only to bestow the blessings which wealth gives the

opportunity to scatter. In the life of such a man we are all ennobled;
in his death we are all bereaved.
He seems like one lent to our social, political, and business life as

an uplifting force and as an example to be emulated. Such men do
not really die; they live, because they have impressed themselves upon
the history of their age.

I think it most proper that resolutions expressing our unstinted

admiration of our departed associate should be placed upon the rec-

ords, and that we conununicate to his widow and family our most
sincere and heartfelt sympath3^

The following resolutions were adopted b}^ the Board:

Resolved, That in the death of Garret A. Hobart, Vice-President of

the United States, and ex officio a member of the Board of Regents,
the Institution has sustained a severe loss and the members of the

Board a personal bereavement.
Besolved^ That we desire to place on record our appreciation of his

services as a Regent of the Smithsonian Institution and our tribute of

regard for his personal character and worth, as well as our intense

sympathy for his widow and family, to whom his loss is most irrepara-

ble. Mr. Hobart was a man of rarest quality, a typical and thorough

SM 1900 4
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American, saccessful in all that he undertook, characteristicalh'' of a

broad and generous nature, a self-made man in the best sense of the

term, a complete man in all his developments; a Vice-President of the

United States most loved and honored and most conspicuous in the dis-

charge of ofGcial duties, enjoying the friendship of the President, of

the Senate, of all with whom he associated, and of the people of the

United States. While we mourn his loss we admire his life and his

character.

Hesolved, That these resolutions be placed upon the records of the

Institution and an engrossed copy thereof transmitted to his widow
by the Secretary.

Respectfully submitted.

S. P. Langley,

Secretary of the ISmltlisonlaii Institution.



APPENDIX TO THE SECRETARY'S REPORT.
Appendix I.

REPORT ON tHE UNITED STATES NATIONAL MUSEUM.

Sir: I have the honor to report as follows regarding the condition and operations

of the National Museum during the year ending June 30, 1900:

Organization and staff.—The organization of the Museum remains the same as

during the past two years, comprising, beside the administrative offices, three scien-

tific departments—anthropology, biology, and geology, each in charge of a head

curator and each composed of several divisions, anthropology having 8, biology 9,

and geology 3. There are also 17 minor divisions, known as sections.

The scientific staff at the close of the year consisted of 3 head curators, 17 curators,

13 assistant curators, 15 custodians, 11 aids, 4 associates, and 1 collaborator, a total

of 64 persons, but of these only 33 were under jjay from the Museum, the remainder,

nearly one-half of the scientific personnel, serving as volunteers or in an honorary

capacity.

The executive office continued in the immediate charge of the Executive Curator,

Dr. Frederick W. True, the Assistant Secretary exercising only a general supervision

over the work, under the direction of the Secretary, who is the keeper ex officio of

the Museum.
But few changes occurred in connection with the scientific staff. In the death of

Mr. Frank Hamilton Gushing on April 10, 1900, the Museum, as well as the Bureau

of Ethnology, lost one of its most active and distinguished workers, whose services

with the Institution began nearly a quarter of a century ago. Medical Director

James M. Flint, U. S. N., under whose charge the Division of Materia Medica was
established in 1881, and who has been its Honorary Curator under detail by the

Secretary of the Navy for three separate periods, aggregating about thirteen years, was
placed on the retired list of the Navy in February, 1900. Proposing to continue his

residence in Washington, however. Dr. Flint has volunteered his further s^ervices in

the same capacity, and they have been gladly accepted. ISIr. W. R. Maxon was
appointed an aid in the Division of Plants in November, 1899.

Buildings.—The collections, laboratories, and offices are mainly provided for in the

Museum and Smithsonian buildings, but the workshops are now housed in separate

structures, two on the Smithsonian grounds and three in rented quarters south of B
street S.W. A large amount of material still remains in storage in the large sheds on

Ninth street and on Armory Square because of the lack of accommodations.

The need for additional quarters, which was long ago evident, has now become so

urgent that unless relief is soon obtained it will be difficult to properly administer

the affairs of the Museum or to fulfill its most important function as the custodian of

all material objects resulting from Government explorations. Under the conditions

as they now exist, some of the most valuable of the collections have to be kept in

insecure buildings in the shipping cases in which they w'ere received; they can not

be arranged, classified, and made available to investigators as the law provides; the

exhibition halls are overcrowded, preventing that enlargement in the disjilay series

which the public is led to expect; and the laboratory accommodations are greatly

cramped, besides being in most cases very poorly adapted to their purpose.
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The only noteworthy Ijuilding alterations during the year were the substitution of

a terrazzo pavement for wood in two of the halls and the flooring over one of the

ranges, so as to obtain a second-story room for laboratory use by the Divisions of IVIam-

mals and Plants. The furniture acquired consisted of 40 exhibition cases and 250

storage cases, many of these being for the new galleries ])uilt during the preceding

year.

Collections.—The increase in the collections has amounted to 206,617 specimens,

bringing the total number now in the Museum up to 4,819,836. The additions, com-

prised in 1,467 different lots or accessions, represent the results of Government and

other explorations, gifts, exchanges, purchases, and deposits.

The acquisitions by the Department of Anthropology have been especially numerous

and important. Admiral Dewey has presented two antique brass cannon from the

Spanish armament captured at INIanila, and among other historical contriliutions have

been the following: Many objects relating to the Spanish-American war, including

uniforms, small arms, and cannon, from the Navy Department; military and personal

relics of the Ord family, from Lieut. James T. Ord, U. S. A.
;
personal relics of Gen.

Thomas Sword, from Miss E. H. Cotheal; a collection of cuttings from 33 flags of

historic interest, from the Library of Congress; a series of autograph letters of men
prominent in the civil war, from Mrs. L. O. Mason, and additions to the deposits of

the Society of Colonial Dames and the Daughters of the American Revolution.

During the cruise of the U. S. Fish Commission steamer Albatross among the islands

of the South Pacific Ocean, Mr. C. H. Townsend and Mr. H. F. Moore kindly gave

attention on behalf of the Museum to the utensils and costumes of the natives, of

which they secured a large collection. Man)' relics of the ancient peoples of Cuba
and Jamaica were obtained by INIaj. J. W. Powell and Mr. W. H. Holmes during a

visit to those islands, and Dr. Walter Hough brought back from Mexico an interesting

ethno-botanical collection, including many plants used in the native arts, ancient and

modern, specimens of native handiwork, and a series of photographs.

The Hon. Perry M. de Leon, United States consul-general at Guayaquil, presented

two ancient stone chairs from Ecuador, which, with other chairs surroianding a large

stone table, were found in what appeared to be an ancient council chamber, brought

to light aljout thirty years ago by the action of a freshet. A mummy from the

valley of Cuzco, Peru, was contributed by Dr. C. H. Russell, U. S. N., of the U. S. S.

Newark, and a collection of weapons of Australian aborigines, by the Hon. F. W.
Goding, United States consul at Newcastle, New South AVales.

The Bureau of Ethnology has transmitted a collection of Indian skulls and other

ethnological material obtained by Prof. J. B. Hatcher in Tierra del Fuego, Patago-

nia; a series of copper implements from Houghton County, Michigan; many stone

implements from the West Indies, and a collection of baskets of the Washoe Indians.

A collection of stone implements was deposited by Dr. Roland Steiner, of Grove-

town, Georgia, and a collection of vases by the Grueby-Faience Company, of Boston,

Massachusetts.

The following were obtained by purchase: A large series of objects illustrating the

arts of the peoples of the Congo Valley of Africa, from the Rev. Samuel Phillips

Verner, and a collection of ethnological specimens from the tribes of Angola, Africa,

from the Rev. AY. P. Dodson.

In the Department of Biology practically every branch has received additions of

greater or less value. Dr. W. L. Abbott, whose explorations have enriched the

Museum for many years, jiresented a large and im]iortant collection of zoological and

ethnological material from the iNIalay Archipelago and other eastern localities, including

Trong, Lower Siam, and Singapore, the zoological specimens comprising mammals,
birds, batrachians, insects, and other groups of invertebrates.

From the Harriman Alaskan Expedition of 1899 the Museum has received the

collections made in three groups, as follows: The birds by Mr. Robert Ridgway, the
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moUusks by Dr. Williaia II. Dall, and the insects by Mr. Trevor Kincuid, of Seattle.

The col lection of insects is supposed to be the most complete one for Alaska that has

yet been ol)tained, and was presented to the Museum by Mr. Harriman.

Extensive additions have been made to tlie collection of bats from Trinidad, Bar-

bados, Cuba, and the Philippine Islands by Mr. E. T. Giers, Mr. P. D(jnough, Lieut.

J. W. Daniel, jr., and Mr. L. M. McCormick. A skeleton of the recently discovered

marsupial mole, Notoryctcs, was received from University College, Dundee; an Afri-

can rhinoceros was presented by the Forepaugh & Sells Brothers Menagerie, and
many European mammals were acquired by purchase.

The Division of Birds has received the Goodfellow collection of humming birds,

comprising about 1,200 specimens; 300 specimens of the l)irds of the United States of

Colomliia, fnjm Mr. Outram Bangs; 500 specimens of Hawaiian birds, from Mr. H. W.
Henshaw; a specimen of the Cuban Macaw {Ara tricolor), now believed to be extinct,

from Maj. W. A. Glassford, U. S. A., and a skeleton of the rare Harris's Cormorant,

from Leland Stanford Junior University.

Of fishes Dr. David S. Jordan has contributed a collection from Japan, including

the types of 14 new species; the Museo Civico of Milan, Italy, a collection from the

Red Sea and the Mediterranean; and the U. S. Fish Commission, specimens from
Japan, Alaska, Hawaii, and California.

Many additions have been made to the Division of Insects, some of the most note-

worthy being the following: The very important collection of spiders brought

together by the late George Marx, containing several thousand specimens, among
which were many types and cotypes; a large collection of Coleoptera from the late

Hugo Soltau, of Louisville, Kentucky; many types and cotypes of species described

by Prof. T. D. A. Cockerell, received from the New Mexico Agricultural Experiment
Station; a series of insects collected in Porto Rico by Mr. August Busck, from the

Department of Agriculture, and collections of Mexican Hymenoiitera and South

American Lepidoptera, obtained by purchase. Mr. E. A. Schwarz has continued to

make important additions to the Hubbard and Schwarz collection of Coleoptera,

presented to the Museum in 1898.

The Division of Mollusks has been enriched by collections made in Samoa by Sir

Charles Eliot, the British representative on the Samoan Commission, and in Alaska

and Hawaii by Dr. William H. Dall and others; by a series of South Australian

shells received from Mr. Walter B. Reed, of Adelaide, and by a valuable lot of land

shells from the Galapagos Islands, presented by the Leland Stanford Junior Uni-

versity. Through the addition last mentioned the National Museum is supposed

to have acquired the most complete representation of Galapagos land shells now
existing.

The more important acquisitions among the other groups of marine invertebrates

have been as follows: From Dr. J. C. Branner, the crustaceans collected on the Bra-

zilian coast by the Agassiz-Branner expedition of 1899; from Mr. H. W. Henshaw,
Hawaiian crustaceans; from the U. S. Fish Commission, crustaceans and corals from

Porto Rico; from the Biological Survey of the Department of Agriculture, crusta-

ceans from Texas and Mexico; from Dr. C. H. Eigenmann, cotypes of an isopod

crustacean from Izels Cave, Texas; from Dr. C. A. Kofoid, cotypes of a new genus

of Volvocidse; from Rev. George W. Taylor, of Nanaimo, British Columbia, cotypes

of two species of British Columbia sponges.

The Herbarium is constantly in receipt of material from all parts of the world.

Its most important addition last year was the private collection of plants belonging

to Dr. Charles Mohr, of Mobile, Alabama, which he has generously presented to the

Institution. This contribution, comprising upward of 3,000 specimens from the

Southern States, is of especial value, as this region has heretofore been poorly repre-

sented in the National Museum. Mrs. Marie de Chalmot, of Holcomb Rock, Vir-

ginia, has donated 3,000 specimens of European and American plants, and Mr. A. H.
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Curtiss, of Jacksonville, Florida, 1,100 specimens from the United States. Dr. J. N.

Rose made a large collection of plants on his expedition to Mexico during the early

part of the year, as mentioned elsewhere. The Department of Agriculture has trans-

mitted 2,500 plants collected in Alaska by Mr. F. V. Coville and Mr. T. H. Kearney;

807 plants collected in the State of Washington by Mr. Kirk AVhitead, and 2,300

plants collected in Virginia and North Carolina by Mr. T. H. Kearney. Four hun-

dred and thirteen plants from Oregon have been received from the U. S. Geological

Survey.

The princiisal addition to the Department of Geology was the extensive and unique

collection of vertebrate fossils made for the U. S. Geological Survey by, or under the

direction of, the late Prof. 0. C. Marsh, and which was in the possession of the latter

at Yale University at the time of his death, in 1899. A part of this collection, com-

prising two carloads, had been transferred to the Museum several years before. The
remainder, filling 600 boxes and requiring 5 cars for its transportation, was received

during the past year. This collection is the most important of its kind ever brought

together, being exceedingly rich in large Dinosaurs, especially of the genera Trlcera-

topH and Stegosaurus. Of Titanothermm there are nearly 50 complete skulls. Forty

or more species of Dinosaurs and of Jurassic, Cretaceous, and Tertiary mammals are

represented by type specimens.

A nearly complete femur of a large Dinosaur, a fine specimen of the fossil gar

{Lepidostejis atrox) , a series of Mesozoic invertebrate fossils, and many lithological speci-

mens were obtained in "Wyoming by Mr. Charles Schuchert, and an interesting series

of cycads was collected in the same State by Prof. Lester F. Ward and Mr. Schuchert.

A fine skull of an ElotJieriwn and another of a Diceratherium were obtained by
purchase; a series of Jurassic fishes, recently described by Mr. C. R. Eastman, was

transmitted by the Geological Survey, and a well-preserved specimen of fossil gar

{Lepidosteus simplex) was secured through exchange from the Glen Island Museum,
New York.

An important collection of Texas Jurassic invertebrate fossils, described by Prof.

F. W. Cragin, was received from the Geological Survey; a large immber of Lower
Helderberg fossils from New York, containing several new species, were obtained

from Mr. John M. Clarke, and many Guelph (L^^pper Silurian) fossils were acquired

by purchase.

A series of specimens showing the twenty stages in developnient of tlie Cambrian

trilobite {Sao hirsutn) was received in exchange from the National Museum at Prag,

Bohemia, through Dr. Anton Fritsch, and a restoration by Prof. C. E. Beecher of

the fossil Crustacean, Stylonurus, from Yale L^niversity.

Many fossil corals were presented by the Hon. Delos Arnold, Prof. J. C. Merriam,

Mr. T. W. Vaughan, and Mr. J. A. Singley, and a specimen of the rare echinoid

Oligoporus nobilis was donated by Mr. W. L. Woods.

Collections of Cambrian brachiopods, of Rocky Mountain, Ordovician, Silurian, and

Devonian fossils, and of fossil plants from a number of localities, as well as about

2,000 rock specimens representing areas recently examined by the Survey, including

the Little Belt Mountains, the Uvalde, Anthracite and Crested Butte, and Big Trees

quadrangles, and the' Silver Cliff and Rosita districts of Colorado, were transferred

by the Geological Survey to the keeping of the Museum.
A meteorite weighing about 64 pounds, which fell at Allegan, Michigan, on July

10, 1899, was purchased, and other meteorites were secured by exchange from the

following localities: Jerome, Gove County, Kansas; Bishopville, South Carolina;

Indarka, Augustinowka, and Bischtube in Russia; Lissa, Bohemia, and Schonenberg

in Bavaria.

A large number of sjiecimens of volcanic material collected in Hawaii by Prof.

C. H. Hitchcock, and a series of orbic-ular granites from Finland, Sweden, and

Rhode Island were added to the collections.
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Prof. C. V. Shepard, of Summerville, South Carolina, has deposited the private

collection of minerals which had belonged to his father, containing about 5,000 speci-

mens, some of which are very choice. This collection was accompanied by a number
of books, pamphlets, and manuscript notes.

Three fine opals have been added to the gem collection, and three Japanese beryls

have been cut from rough specimens Ijclonging to the Museum.
Explomiions.—Although having very limited means for field investigations, at least

a few members of the scientific staff spend a month or more during every year in

adding to the collections, making their trips independently or in connection with

expeditions sent out by other Government bureaus or under private auspices. Much
important material is obtained in this way.

Dr. F. W. True spent several weeks of the summer of 1899 at the station of the

Caljot Steam Whaling Company, in Newfoundland, studying the finback and hump-
back whales, which are the objects of the fishery in that locality. Anthnjpological

researches were carried on in Cuba and Jamaica during the sjirmg of 1900 by Maj.

J. W. Powell and Mr. W. H. Holmes. Extensive zoological and botanical collec-

tions were made in Cuba and Porto Rico for the Pan-American Exposition by Dr.

Leonhard Stejneger, Dr. Charles W. Richmond, Mr. William Palmer, and Mr. J. H.
Rile}', of the ^Museum staff. The Philippine Islands were visited by Col. H. H.
Hilder, of the Bureau of American Ethnology, in the interests of the same exposition.

The expedition to ^Mexico by Dr. J. X. Rose and Dr. Walter Hough, which started

in the spring of 1899, as noted in the last report, continued during a part of the sum-

mer and was very successful. Its object was the collection of both botanical and
ethno-botanical specimens. At the close of the year Mr. Marcus W. Lyon, jr., was
in Venezuela, having been detailed to accompany Lieut. Wirt Robinson, U. S. A.,

for the purpose of making collections of the higher vertebrates.

During the summer of 1899 Mr. Charles Schuchert accompanied an expedition

under the auspices of the L^nion Pacific Railroad Company to the fossil beds of

Wyoming, and he was also associated with Prof. Lester F. Ward in an examination

of the region in Wyoming where fossil cycads abound.

On the Harriman expedition to Alaska, which was absent during June and July,

1899, the National Museum was represented by Dr. William H. Dall, Mr. Robert

Ridgway, Dr. C. Hart Merriam, and Mr. F. V. Coville. Before returning to Wash-
ington Dr. Dall visited Hawaii for the purpose of studying its molluscan fauna.

The Government explorations which contribute most constantly and most exten-

sively to the Museum ai-e those conducted by the Geological Survey, the Fish Com-
mission, and the scientific bureaus of the Department of Agriculture, in all of which

there was much activity during the past year. The cruise of the Fish Commission

steamer Albatross to the South Pacific Ocean offered an opportunity for securing eth-

nological objects from many interesting islands, and, through the courtesy of the

Commissioner, two of the naturalists attached to the expedition, Mr. C. H. Townsend
and Mr. H. F. Moore, were authorized to collect in this field.

Exchanges.—The exchange of duplicate specimens as a means of acquiring new
material for its collections, authorized by the fundamental act establishing the Insti-

tution, has been carried on from the beginning and with much profit. The exchange

may have reference to any number of specimens from one upward, and may be

conducted with an individual, a museum of natural history, or any other character

of establishment, provided, only, that a proper equivalent be sent in return. The

domestic exchanges were many during the past year, though none was of large extent.

The parties to exchanges from abroad were as follows: Great Britain—the British

Museum of Natural History at London, the Royal Botanical Gardens at Kew, Uni-

versity College at Dundee, the Horniman Museum at London, ^Nlr. G. E. Mason, of

Fulham, and Mr. E. Lovett, of Croydon; France—the Museum of Natural History at

Paris, and Mr. Jean Miguel, of Barrubio, Herault; Germany—the Royal Zoological
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Museum at Dresden, the Royal Botanical Museum at Berlin, and the Geological-

Paleontological Institute at Munich; Bohemia—the National Museum at Prag, and

Dr. K. Urba, of the same city; Italy—the museums of Natural History at Milan and

Genoa, and Dr. Paolo Magretti, of Milan; Switzerland—IMr. Paul Narbel, of Cour

Lausanne; Belgium—Baron R. de Vriere, of Phem, Zedelghem; Denmark—Dr. E.

Warming, of the University of Copenhagen; Sweden—Prof. A. M. Fries, of Upsala;

Russia—M. Melnikof, of St. Petersburg; India—the Indian Museum and the Royal

Botanical Garden at Calcutta; South Africa— the Botanical Gardens at Durban, Natal;

New Zealand—Canterbury Museum at Christchurch and the Publii- Museum at Wan-
ganui; Australia—Mr. F. H. McK. Grant, at Melbourne, Victoria; Canada—Mr. Eugene

Coubeaux, of Prince Albert, Saskatchewan; Mexico—the National Museum in the

City of Mexico; Brazil—the Museo Paulista at Sao Paulo.

Installatlnn.—Very considerable progress has been made in the work of installa-

tion, which comprises, besides the placing of specimens on exhibition, the arrange-

ment of the reserve or study series and the packing away in storage of such material

as can not be provided for in the overcrowded Museum and Smithsonian buildings.

There is now on hand so large an amount of this material as to entirely fill a nundjer

of outside storehouses, and the quantity is being constantly increased. During the

year it was thoroughly overhauled, the packing cases were relabeled as to their con-

tents and sytematically arranged, and a complete catalogue was prepared to facili-

tate the finding of collections as desired. Among these stores are hidden away many
thousands of valuable and interesting specimens, liable at any time to destruction l)y

fire and pests—a silent but forcible reminder of the necessity for a new Museum
building.

That part of the installation which interests the general public- receives naturally

the greatest amount of attention and involves by far the greatest expenditure of money.

The exhibition cases must present a finished and artistic appearance; the collections,

selected with due reference to the instruction of the visitor, must be suitably pre-

pared and tastefully mounted, and each specimen, each grouping of specimens, and
each case must have a label, tersely worded and easily decipherable. The reorgan-

ization of the exhibition halls is rapidly progressing. Some are being newly fitted

up, while in others there is simply such a rearrangement, more or less extensive, as

may be deemed necessary or as the circumstances j^ermit. The lack of means to

provide sufficient cases of a suitable character, however, interposes a serious difficulty

in carrying on this work. A large proportion of the cases now in use are of anti-

quated pattern, and not adapted to modern methods of installation. Very many
have been defaced or worn-out in connection with the different expositions, and

until these can be replaced there must be much incongruity in the appearance of the

exhibition halls.

Among the things accomplished in this direction by the Department of Anthro-

pology has been the arrangement of the ceramic collection in a handsome, new, ebon-

ized case, which extends around the entire gallerj' of the Northeast Court, producing

one of the most attractive features in the Museum. The extensive basketry collec-

tion and the ethnological exhibits illustrative of Latin America have been installed

in the corresponding gallery of the Northwest Court. The exhibits in the West North
Range, which contains the Indian groups and the Catlin paintings, have been as

nearly completed as is now possible, and many additions and improvements have
been made in connection with the exhibits of American History, the Graphic Arts,

Land Transportation, and INIateria Medica. No changes have been made in the large

hall so long occupied l)y the Division of Prehistoric Archaeology, nor does any
rearrangement there seem advisable until means shall be provided for a thorough
renovation of the room, which is now in every respect quite unpresentable.

For the Department of Biology one large wall-case has been built along the east

side of the South Hall, to receive the specimens of North American carnivores, and
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the installation in this hall has ])een ntlierwise much improved. The Southeast

Range has ])een cleared of storage, and entirely assigned to the exhibition of reptiles

and fishes, of which a partial display is now in ])lace. The rearrangement of the

bird collection has been nearly completed, and a system of lighting the central dark
cases by means of electric lamps has been devised.

The condition of both the exhibition and reserve collections in the Department of

Geology has been greatly improved, and, except as to labeling, many parts of the

display series are now in a practically finished state. • The two galleries in the south-

ern ranges have been fitted up as storerooms and laboratories for the Divisions of

Paleobotany and V^ertebrate Paleontology, the collections of which have been trans-

ferred to the racks and drawers provided for the purpose. Much of the activity of

the Department of Geology has been directed toward unpacking and arranging the

Marsh Collection of vertebrate fossils, to which reference is made elsewhere.

Pablic benefits.—While the principal function of the Museum is to care for and
classify the Government collections, it is best known to the public through its educa-

tional features and as a place where information may be sought on many scientific

topics. Being one of the chief points of interest at the national capital, it is visited

by large numbers of persons from all parts of the country, the annual attendance

during the past twenty years having averaged about 220,000, though in years of

Presidential inauguration it has sometimes exceeded 300,000. During the past year

the number recorded was above 225,000.

In the matter of supplying information the Museum is called upon from all jiarts

of the country and to some extent from abroad. Specimens are sent to it for identifi-

cation and analysis, and inquiries are received bearing upon every subject coming
within its scope, as well as upon many with which it has no relation. Every com-
munication is answered, and so far as possible the writer's wishes are complied with,

though requests for chemical analyses can not be met, as the Museum is not equipped

for work of that character. Over 700 lots of objects were received for examination

during the year, while of letters asking information there was an average of not less

than 100 weekly. As will be realized, the time of b(jth the scientific and the clerical

staff was heavily drawn upon in preparing the necessary replies.

A number of students have been given facilities and allowed the use of collections

for carrying on researches at the Museum, and a large amount of material has been
sent to specialists in different parts of the country and abroad for working up. While
the latter has mainly been done under agreement to prepare reports for the use of

the Museum, yet specimens are constantly being lent to institutions and individuals

to aid in investigations conducted in their own behalf.

The distribution of duplicate specimens among educational establishments through-

out the United States has come to be regarded as one of the important features in the

work of the Museum. It can only be carried on, however, upon a very limited

scale with the funds now available, as entire collections have first to be identified,

and the expenditure of a relatively large amount of labor and material is required for

assorting, labeling, and preparing the specimens for shipment. During the last year

39 sets of such duplicates, containing about 7,000 specimens in all, were sent out.

The principal subjects represented were marine invertebrates, geology, and prehis-

toric archaeology.

Pan-American Exposition.—The preparation of the exhibits for the Pan-American

Exposition at Buffalo in 1901, as authorized by the Fifty-fifth Congress, was begun

during the year under the immediate direction of Dr. F. W. True, who has been desig-

nated as the representative of the Smithsonian Institution and its bureaus on the

Government Board of Management.
Publications.—Volume 21 of the Proceedings was issued early in the year, and 24

papers of Volume 22 have been printed and distributed in separate form. Volume 1

of the Annual Report for 1897 was received from the Government Printing Office in
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December. The second volume of this Report, still in course of printing, will con-

tain a Inographical account of Dr. George Brown Cloodw, the late x\ssistant Secretary

of the Smithsonian Institution, in charge of the National Museum, and rej^rints of sev-

eral of his most important papers on museums and on the history of scientific progress

in the United States. It is expected that the Report for 1898 will be ready for distri-

bution early in the coming liscal year. The appendix to this Report will consist of

only one paper—a monographic treatise on the Crocodilians, Lizards, and Snakes of

North America, by the late Prof. Edward Drinker Cope. Part 4 of Bulletin No. 47,

entitled "The Fishes of North and Middle America," by Dr. David Starr Jordan and

Dr. Barton W. Evermann, was issued just before the close of the year. This volume,

consisting of 392 plates, with their explanations and a general table of contents, com-

pletes one of the most important works thus far published by the Museum. Three

additional pamphlets containing instructions to collectors, etc., were issued during

the year as parts M, N, and O, of Bulletin 39. The titles of these are: "The meth-

ods employed at the Naples Zoological Station for the preservation of marine ani-

mals," by Dr. Salvatore Lo Bianco (translated by E. O. Hovey, of the American

Museum of Natural History); "Directions for preparing study specimens of small

mammals," by Gerrit S. Miller, jr., and "Directions for collecting and rearing

dragon flies, stone flies, and May flies," by James G. Needham.

Library.—Three hundred and thirty-seven books, 728 pamphlets, and 4,298 parts

of periodicals have been added to the library, wliich now contains over 15,000

bound volumes and 27,000 unbound papers.

Respectfully submitted. Richard Rathbun,

Assistant Secretary.

Mr. S. P. Langley,

Secretary Smithsonbm Institution.

August 1, 1900.



Appendix II.

REPORT OF THE DIRECTOR OF THE BUREAU OF AMERICAN P:TH-

NOLOGY FOR THE YEAR ENDING JUNE 30, 1900.

Sir: I have the honor to tender the following report of operations conducted by
the Bureau of American Ethnology during the year ending June 30, 1900, in accord-

ance with the act of Congress making provision " for continuing researches relating

to the American Indians under the direction of the Smithsonian Institution,"

approved March 3, 1899.

The work of the year has ])een carried forward in accordance with a formal jilan

of operations submitted on May 13, 1899, and approved by the Secretary under date

of June 16, 1899.

The field operations of the regular corps have extended into Arizona, California,

Culja, Indian Territory, Jamaica, Maine, Minnesota, New Mexico, New York, Nova
Scotia, Oklahoma, Ontario, and Wisconsin; wdiile operations have been conducted

by special agents in Alaska, Argentina, and Porto Rico. The office work has com-

prised the collection and preparation of material from most of the States and Terri-

tories, as well as from various other parts of the Western Hemisphere.

As during previous years, the researches have been carried forward in accordance

with a scientific system developed largely in this Bureau. This system is outlined

in the classification adopted in previous reports and continued in the present one.

FIELD RESEARCH AND EXPLORATION.

The Director, aided by Mr. Frank Hamilton Gushing, spent the earlier months of

the fiscal year in an investigation of the middens and tumuli representing the work
of the aborigines in northeastern United States, especially in Maine. A considerable

number of both classes of accumulations were excavated, with instructive results.

Among the relics brought to light were many of customary types, together with a

smaller number of nuich significance in that they represent early stages of accultura-

tion through contact with Caucasian pioneers; and in addition to tlie aboriginal and

accultural artifacts, the explorers w'ere rewarded by finding the remains of a metallic

armor, of European make, in such associations as to throw light on the beginning of

warfare between red men and white.

Later in the year the Director, accompanied by Prof. W. H. Holmes, of the United

States National jNIuseum, repaired to Cuba and Jamaica for the purpose of tracing

lines of cultural migration between the great continents of the Western Hemisphere.

The researches of the last two decades have shown clearly that the customs of the

aborigines in what is now southeastern United States were affected by extraneous

motives and devices; the phenomena have suggested imi^ortation of oljjects and

ideas belonging to what is commonly styled
'

' Caribbean art
'

' from South Ajnerica

by way of the Antilles; and it was thought desirable to seize the opportunity offered

by recent political changes for special studies in the Antillean islands. Although the

trip was a reconnaissance merely, it yielded useful data on which to base further

researches, including a small collection for the Museum.
A noteworthy trip was made early in the fiscal year by Mr. F. W. Hodge, with a

party of volunteer assistants comprising Dr. Elliott Cones, of "Washington, Dr. George

Parker Wiuship, of Providence, and 3Ir. A. C. Vroman, of Pasadena. The journey

59
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waH so jilanned as to touch the less known puelilos of the plateau country and val-

leys of New Mexico and Arizona and to obtain data relating to social organization,

migrations, ami customs, as well as typical photograjihs of individuals, habitations,

etc. All of the existing pueblos of New Mexico were visited and many of the ruins.

The trip yielded a large body of data for incorporation in the re])orts and especially

in the Cyclopedia of Native Tribes.

About the middle of Septeml;)er Dr. J. Walter Fewkes proceeded to New Mexico

for the purpose of comj)leting his investigation of the mythology and ceremonies of

the Ilopi Indians, his trip being so timed as to permit observation of the autumn
and winter ceremonies not previously observed by ethnologic students. He remained

in the pueblo throughout the Avinter, and his studies proved eminently fruitful.

Toward the end of March he repaired to Arizona for the purpose of locating aborigi-

nal ruins near Ricj Colorado Chiquito, concerning which vague rumors were afloat;

and this work, also, was quite successful, as noted in another jiaragraph.

During the early autumn Dr. Albert S. Gatschet visited several groups of survivors

of Algonquian tribes on Cape Breton Island for the purpose of extending the studies

of the previous year in New Brunswick; he succeeded in o])taining considerable

linguistic material, in addition to other data pertaining to the northeasternmost rep-

resentatives of that great Algonquian-speaking people neighboring the Eskimo on

their north and extending thence southward more than halfway across the present

territory of the United States.

Early in the winter Mr. J. N. B. Hewitt revisited the remnants of several Iroquoian

tribes in New York and Ontario and continued the collection and comjiarison of the

tribal traditions. Finding the conditions favorable for recording some of the more

noteworthy traditions, he spent several weeks in an Indian village near Hamilton,

Ontario, returning to the office in April.

Toward the end of the calendar year Mr. J. B. Hatcher, wdio had been operating

in Patagonia and Terra del Fuego as a special agent of the Bureau, returned to the

country with a considerable collection for the Museum, as well as a large number of

jjhotographs illustrating the physical characteristics, costumery, habitations, and

occupations of the Tehuelche and Yahgan tribes. He also brought in an extended

vocabulary collected among the natives of the former tribe and useful notes relating

to the social organization and other characteristics of the two tribes.

Toward the end of the fiscal year Miss Alice C. Fletcher was commissioned as a

special agent to visit Indian Territory and Oklahoma for the purjjose of obtaining cer-

tain esoteric rituals of the Pawnee tribe. Her work was notably successful, as is indi-

cated in other paragraphs.

Dr. Willis E. Everett remained in Alaska throughout the fiscal year, pursuing his

vocation as a mining engineer, but incidentally collecting, for the use of the Bureau,

linguistic and other data pertaining to the native tribes.

About the beginning of the fiscal year Dr. Robert Stein, formerly of the United States

Geological Survey, accomiaanied a Peary expedition northward as far as Elsmereland,

where he planned to spend the winter in geographic and related researches. He
carried instructions from the Bureau for such archfeologic and ethnologic observations

as he might be able to make, together with photographic apparatus and materials

needed in the work. Elsmereland is not known to be now inhabited, nor to have

been inhabited in the past, by the aborigines, Init the situation of the island is such

as to indicate that it was probably occui)ied at least temporarily by Eskimauan tribes

in some of the migrations attested by their wide distriliution; hence it is thought

probable that archa-ologic work on the island may throw light on the early history of

this widely dispersed orarian people. A brief report of progress was received after

the close of the fiscal year.

During the autumn Mr. Robert T. Hill, of the United States Geological Survey,

visited Porto Rico in the interests of that Bureau and of the Department of Agricul-
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ture; and the opjiortimity was seized to arrange for ol)taining through his cooperation

such photograi)hs and other data of ethnologic character as he might Ije able to dis-

cover in connection with his other duties. The arrangement yielded material of

value.

Office RESEARcn.

WORK IX ESTHETOLOCiY.

In the course of a reconnoissance of the Greater Antilles, the Director and Profes-

sor Holmes enjoyed moderate opportunities for observing (chiefly in local collections)

artifacts of the class commonly regarded as displaying traces of Caribbean influence;

and while neither time nor opportunity permitted exhaustive study, a few interesting

generalizations were made. One of these relates to the relative abundance of festhetic

and industrial motives among those artifacts displajdng traces of a Southern influ-

ence. On comparing the objects and special features in connection with those from

Florida and other portions of southern United States, it was noted that the presum-

ably imported or accultural features are predominantly esthetic, and only subordi-

nately of technical or industrial character—i. e., it would appear from the collections

that esthetic motives travel more freely, or are interchanged more readily, than

purely utilitarian motives among primitive peoples. The relation is of course com-
plicated liy the relative abundance of fiducial or other sophic motives, which often

blend with both aesthetic and industrial motives in puzzling fashion; but even after

these motives are weighed or eliminated, the general relation remains unchanged.

The generalization promises to be of service as a guide in the study of that affiliation

of tribes, or integration of peoples, which complicates every ethnologic problem. The
inquiries were greatly facilitated by Professor Holmes's artistic training and his

extended familiarity with both the esthetic and the industrial motives of aboriginal

artifacts; nor could the generalization have been made without the aid of IVIr. Gush-

ing, and the oi^portunity of examining his remarkaVjle collection of artifacts of wood
and shell from the muck beds of western Florida, of which a consideraljle part is now
in the National IMuseum. The details of the work are reserved for later reports.

Throughout the fiscal year Mr. W J McGee was occupied primarily with adminis-

trative duties as Ethnologist in Charge in the office, but partly in the preparation of

reports on field researches of previous years. One of his subjects of study was the

esthetic status of the Seri Indians of Tiburon Island and adjacent territory. The
tribe is notably primitive in several respects, as indicated in previous reports, and
this primitive character is well displayed in their meager esthetic. One of the con-

si^icuous customs of the tribe is that of face painting, the paint being applied uni-

formly in definite patterns, of which nearly a dozen were observed. The custom is

practically limited to the women, though male children are sometimes painted with

their mothers' devices. On inquiry into the uses and purposes of the designs it was

found that each pertains to and denotes a matronymic group or clan, and that the

more prominent designs, at least, are symbols of zoic tutelaries—e. g., Turtle, Peli-

can, etc. It thus appears that the painted devices are primarily symbolic rather

than decorative, though comparison of the devices used by different members of tlie

same clan or by the same female at different times, indicates that the sematic func-

tion does not stand in the way of minor modification or embellishment of the device

through the exercise of a personal feeling for decoration. The investigation is of

interest in that it establishes the symbolic basis of aesthetic concepts along a new line,

and it is of even deeper interest in that it seems to reveal nascent notions of decora-

tion, and thus aids to define the beginning of purely artistic activities. The sym-

bolic devices themselves are of much significance as indices to the social organization

on the one hand, and to the prevailing belief of the tribe on the other hand. The
restriction of the painted symbols to the females and the especially conspicuous use

of them by matrons betoken the strength and exclusiveness of that sense of maternal



62 EEPOET OF THE SEORETART.

descent which is normal to the lowest stage of culture; the devices are at once blood-

signs, definite as the face-marks of gregarious animals, and clan-standards, significant

as tartan or pibroch; and the confinement of their display to the recognized blood-

carriers of the clan attests, perhaps more clearly than any other phenomena thus far

noted, the strength of that semi -instinctive feeling expressed in maternal organiza-

tion. In like manner, the representation of local tutelaries in the painted devices

attests the intensity and dominance of that zootheistic faith which seems to be nor-

mal to the lowest stage of intellectual development. The details of the investigation

are incorporated in a memoir appended to an earlier report.

In the course of his work among the Hopi Indians, Dr. Fewkes succeeded in defin-

ing certain steps in the development of the drama. The ceremonies of the folk, like

those of other primitive peoples, are primarily fiducial, and involve representation,

or even personation, of the deified potencies forming the tribal pantheon. The
motive of one of the dramatic—or rather dramaturgic—pieces is the growth of corn;

and the mise en scene comprises realistic representations of both the maleficent and

the beneficent agencies connected with the making of the crop and the development

of the plant in general. The performance is designed primarily to invoke the favor

of the mysteries by appropriate symbols of both being and action, but an ancillary,

or perhaps coordinate, design of this ceremony is the edification (combining instruc-

tion and diversion) of the-tribe at large; accordingly a portion of the interior is set

apart as a stage, while the greater portion is reserved as an auditorium. Both the

mystical and the human powers are represented or personified by actors, who, with

their properties, occupy the stage; and since that part of the mechanism connected

with the portrayal of the mysteries is esoteric, a screen is provided to conceal it and

give an air of realism to the performance. The screen is painted with appropriate

symbols tending to heighten the illusion to the childlike minds of the audience, and

it is perforated to permit the passage of masked effigies representing the mystical

potencies, which are operated by shamans hidden behind the screen, something after

the fashion of marionettes. The front of the stage is occupied by a symbolized field

of corn; it is the role of the symbolized potencies representing storm and drought

to emerge from their respective apertures in the screen and destroy the symbolic

cornfield; but they are opposed, in part by musical and other incanations of a group

of shamans occupying one side of the stage, and in part ])y human actors who wrestle

with and finally overcome the evil marionettes. The entire dramatization stands on

a higher plane than that prevalent among most of the tribes of the territory of the

United States, though lower than that reached among the Nahuatlan and Mayan peo-

ples and reveals various connecting links between primitive dramaturgy and theatrical

representation proper. A specially significant feature of the performance is the role

assigned to human actors in boldly defying, and eventually overcoming, the powers

of darkness and evil; for this aesthetic feature reflects a noteworthy aspect of industrial

development. Dr. Fewkes' s detailed descriptions, with the attendant photographs

and drawings, are in preparation for an early report.

WORK IN TECHNOLOOT.

As indicated in earlier reports, the researches of the last decade have shown that

the esthetic motives of primitive jieoples arise in symbolism; and, as noted in one or

two recent reports on the work, various indications have been found that industrial

motives similarly arise in symbolism connected with zootheistic faith. The suggest-

ive phase of industrial develojiment is that in which teeth, horns, claws, mandibles,

and other animal organs are used as implements or weapons in a manner imitating

more or less closely the natural functions of the organisms. In completing his studies

of Seri technic during the year, Mr. W J McGee has discovered definite survivals

of this stage of industrial development. The favorite Seri awl is the mandible of a

bird, and even when the material is hard wood the implement is shaped in imita-
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tion of the natural organ ; the war shield is a turtle-shell or pelican pelt; similarly

the arrows and turtle harpoons of the tribe are fitted with a foreshaft usnalh' of hard
wood, though there are linguistic and other indications that the use of wood is a
vestige of a former use of teeth, probably of the local sea lion while many of the

manual operations are evidently imitative of normal movements of local animals,

most of which hold place in the Seri pantheon. These features of the Seri technic

throw light on the use of zoic motives in the decoration of primitive weapons, and
hence permit the solution of son^e of the most puzzling problems of American arche-

ology; at the same time they serve to define a stage in industrial development in a

manner which appears to be applicable to all primitive peoples. In general, the

stage would seem to be antecedent to that defined by the chance-dominated use of

stone, which has already been characterized as protolithic; it corresponds with the

stage provisionally outlined by Cushmg as j)relithic; but, taking due account of the

materials, processes, and motives characteristic of the stage, it may be distinguished

as hylozoic, or perhaps better as zoomimic. Accordingly the earlier stages of indus-

trial development mav be defined as (1) zoomimic, in which the predominant imple-

ments are beast organs, used largely in mimicry of animal movements; (2) protolithic,

in which the prevailing implements are stones selected at random and used in ways
determined by mechanical chance; and (3) technolithic, in which the prevailing

implements are of stone shaped by preconceived designs and used in accordance with

the teachings of mechanical experience. This classification of the industries is elabo-

rated in an earlier report, the material for which was revised during the year.

In continuing the preparation of his memoir on the contents of the Florida shell

mounds and muck beds, Mr. Gushing brought out many new examples of that

ideative association which forms the basis of zoomimic industry. Several of these

examples were fotmd in the muck-preserved implements and weapons of wood from

Florida; others were foimd in various museums in the form of artifacts of stone, and
even of metal, shaped in imitation of animals, or furnished with symbols of animals

and animal organs; still others were found in the hieroglyphics and hieratic codices

of Mexico and Yucatan. The assemblage of objects seems clearly to indicate that

while the zoomimic motive was the primary one and stood nearly alone at and long

after its inception, it was not completely displaced by the protolithic or even by the

technolithic motives of higher stages, but persisted in connection with these quite

up to the time of Caucasian invasion—indeed, it would appear that the zoomimic

motive in handicraft was the ('(irrelative and concomitajit of that zootheism out of

which none of the tribes had completely risen up to the time of the discovery.

In the course of his reconnaissance of ^he inhabited and ruined pueblos in New
Mexico and Arizona, Mr. F. W. Hodge, with his companions, brought to light a

number of Jiotable examples of atone work. Two types are especially instructive.

The first of these is represented by the ruins in Cebollita Valley. The stones used

in tlie walls were cleft with great regularity and laid, after carefully facing by peck-

ing, in such manner as to produce a practically smooth surface, with corners squared

almost as neatly as those of a well-laid brick structure. The second type, also repre-

sented by ruins in the Celx)llita Valley, is similar, save that the corners were rounded

ajiparently on a uniform radius, while the stones were dressed in such manner as to

conform to the curve about as closely as does metal-wrought masonry. The jierfec-

tion of the stone work of both types suggests Caucasian skill; but the indications of

great antiquity, coujiled with the absence of binding mortar, and especially the

laying of the stones in such manner as to reveal ignorance of the principle of breaking

joints, prove that the work was primitive.

In his reconnaissance of the ruins of Rio Coloratlo Chiquito, Dr. Fewkes reex-

amined critically the ancient structure discovered by Sitgreaves in 1851, which ia of

much interest as one of tlie earliest known ruins of the pueblo country. His observa-

tions on the subject are of interest, partly in that they afford a basis for estimating
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the duration of siicli ruiiiH when protected from vandalism eitlier l)y iuaccesHibility,

as in this case, or by such legislative or executive action as is frequently contemplated

by governmental authorities. The detailed measurements and comparisons will be

incorporated in a later report. During the same triji Dr. Fewkes discovered a num-
ber of additional ruins including those of cavate dwellings located in the softer layers

of heterogeneous vi)lcanic deposit. Some of his observations throw useful light on

the methods of excavating such deposits employed by the aborigines, as well as on

their general modes of life.

During the autumn it was ascertained that Dr. A. E. Jenks, of the University of

Wisconsin, was engaged in a study of the wild-rice industry of the al)origines, and it

was thought well to take advantage of the opportunity to systendze and place on per-

manent record the considerable body of material l)rought together through his

researches. Accordingly provision w'as n:iade to have Dr. Jenks visit various locali-

ties in Wisconsin and Minnesota in which the wild-rice industry is still carried for-

ward by the Indians; and provision was also made for photographing the various

operations connected with the harvesting, preserving, and cooking of the produce.

The inquiry derives importance jirimarily from the large use of wild rice among the

aboriginal tribes and incidentally from the possible utility of the product iii enlight-

ened agriculture. The world is indebted to the natives of the Western Hemisphere

for several important commodities. Among these corn, i. e., maize, occuj^iies the first

place; others are the turkey, two or three varieties of beans, certain squashes, besides

the remarkal)le paratriptic tobacco, whose use has spread throughout the world since

the time of Raleigh; and there are indications that the wild rice {Zizdnia) of the

region of glacial lakes may constitute a notable addition to the list. Led to the subject

by the work of the Bureau, the Department of Agriculture has instituted inquiries

concerning the extent of the wild rice area and concerning the possibilities of utiliza-

tion of the resource. Dr. Jenks' memoir is incorporated in the Nineteenth Annual

Report.

WORK IN SOCIOLOGY.

Except when occupied in field work, the Director c(jntinued the synthetic study of

demotic activities, and during the year he completed the preliminary outline of the

activities expressed in institutions. The science of institutions is commonly desig-

nated sociology, after Auguste Comte, Herbert Spencer, and other European writers;

and though the term is sometimes loosely used it fairly meets the requirements of scien-

tific exposition. The branch of knowledge which it is used to designate is one of the

five coordinate sciences (esthetology, technology, sociology, philology, and sophi-

ology) constituting demonomy, or the system of knowledge pertaining to the human
activities. Viewed in its activital aspect, sociology combines several subordinate

branches. The first of these is statistics (sometimes called demograjihy), which deals

with the units of social organization; the second is economics, which deals espe-

cially with the forces and values involved in, or controlled by, human organization.

The third branch of sociology is civics, which may be defined as the science of meth-

ods in governmental action, or in the regulation of the conduct of associates—methods
which have for their normal objects peace, equity, equality, liberty, and charity

among the associates. The means of attaining these ends in primitive society have

been ascertained almost wholly through the researches in American ethnology; they

have been indicated in a brief outline of regimentation appended to an earlier report.

The fourth branch of sociology may be noted as histories; it deals with the methods
adopted for the maintenance and perpetuation of social organization. Coordinate

with these branches is the science of ethics, which deals with the ideal bases and the

practical ol)jects of associate organization. Tlie ethics of primitive life have been

ascertained almost wholly through observation among the aborigines of America; the

ethical relations existing among the tribesmen have been a revelation to students;

and no line of ethnologic inquiry' has yielded richer results than that pertaining to
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this .su])ject. An outline of the definition of sociology has been printed foi- the use

of students, and for the benefit of such suggestions as may be offered by other inquir-

ers; and it is planned to expand the discussion and incorporate it in a later report.

The primary purpose of the trip by Mr. Hodge and his companions was to ascer-

tain and record the details of social organization as now maintained among the

pueblo tribes. As indicated in various publications of the Bureau, the aborigines of

America belong in approximately equal proportions to two of the culture stages

defined by social organization—i. e., (1) savagery, in which the institutions are based

on consanguinity reckoned in the female line, and (2) barbarism, m which the insti-

tutions are founded on consanguinity reckoned in the male line. In some cases a

transitional condition has been found, as, for example, among the Muskwaki Indians,

who give a patronymic to the first-born child, but, in case of its death in infancy,

revert to the matronymic system; sometimes, again, the basis of the organization

is so well concealed as to be obscured, as among the Kiowa Indians (note<l in the

last report) ; or, again, the consanguinity may be practically concealed by the over-

placement of some other factor, as among the California tribes, who regard language

as the ostensibly dominant factor of their institutions (also noted in the last report);

but the fortuitous relations may commonly be reduced without serious difficulty, and
shown not to affect the general fact that the American aborigines belong to the cul-

ture stages of savagery and barbarism in about equal proportions, reckoned on the

basis of population—though it is to be remembered that the tribes belonging to the

higher stage are much the larger and fewer. Now a recent line of inquiry relates

to the causes and conditions of the transition from the first great stage to the

aecond. In the Old World the transition has l)een fairly correlated with the gradual

passage from hunting to herding—there the initial phase of agrii-ulture; but in

the Western Hemisphere the characteristics of the native fauna were not such as to

place herding in the van of agricultural development. Accordingly it has been

thought desirable to trace the influence of harvesting and planting, when pursued for

generations, on social organization; and the most favorable opportunity for such

research was that afforded by the Pueblos. Morever, it seemed desirable to inquire

into the rate of the transition, as indicated by records covering a considerable period;

and for this ])urpose also the Pueblos seemed to be admirabh' adapted, partly since

the customs of the jieople have been subjects of record for three and a half centuries,

and partly because their arid habitat is so uninviting as to have practically repelled

the invasion of revolutionary methods. It was by reason of his intimate acquaint-

ance with the early records, and also in the hope that he might be able to discover

unpublished manuscripts among the ancient archives of the missions, that Dr. Elliott

Coues, compiler of the American Explorers' Series, waa attached to the party.

Although no noteworthy discoveries of manuscripts were made, a considerable body

of data essential to the discussion of social organization in the pueblo region was

ol)tained. Portions of the material are in preparation for prospective reports, while

Mr. Hodge is incorpf)rating the data relating to the clans and gentes of the Pueblo

peoples in a Cyclopedia of Native Tribes.

During his stay among the Hopi, Dr. Fewkes' attention was directed to the inter-

relation between the tribesmen and certain feral creatures, notably eagles. The eagles

are of much consequence to the folk, chiefly as a source of feathers, which are exten-

sively used in ceremonies for symbolic representation, etc. ; and it appears from the

recent observations that particular clans claim and exercise a sort of collective owner-

ship in certain families of eagles, perhaps homing in distant mountains; and that

this right is (commonly recognized by other clans, and even by neighboring tribes.

Thus the relation affords a striking example of that condition of toleration between

animals and men which normally precedes domestication, and forms the first step in

zooculture, as has been set forth in preceding reports. These relations, together

with the methods of capture, etc., will be described in a prospective paper.

SM 1900 5
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WORK IN PHILOLOGY.

During the later months of the fiscal year the Director resumed the synthesis of

the native American languages, and the comparison of these with other tongues, with

the view of defining the principles of philology on a comprehensive basis. The task

is one of magnitude; the records in the Bureau archives comprise more or less com-

plete vocabularies and grammars of several hundred dialects representing the sixty

or more linguistic stocks of North America; and the study necessarily extends not

only over this material but over a considerable part of the published records of other

languages, both primitive and advanced. Accordingly, while satisfactory progress

was made in the work, definite announcement of results must be held for later reports.

In connection with the general linguistic researches it was deemed necessary to

extend the classification of stocks southward over Mexico and Central America; and

this extension was undertaken with the aid of Dr Cyrus Thomas, whose researches

concerning the native codices of Mexico and Yucatan have familiarized him with

the literature of these and neighboring regions, and to some extent with the aboriginal

languages. Dr. Thomas devoted several months to the work; and about the close of

the fiscal year he had completed a provisional classification and map of native lin-

guistic stocks in Mexico and Central America, designed to supplement the classifica-

tion and map of the American Indians north of Mexico published in the Seventh

Annual Report. The material remains in the hands of the Director for use in gen-

eral study and for revision for publication.

As noted above, Dr. Albert S. Gatschet visited Nova Scotia early in the fiscal year

for the purpose of completing his collections of the northeasternmost Algonquian

tongues—his work on Cape Breton Island was especially fruitful—and his collections

will enable him to round out the comparative vocabulary of Algonquian dialects so

far as the tribes of northeastern United States and contiguous territory are concerned.

On returning to the office he resumed the extraction of lexic and grammatic material,

and pushed forward the preparation of the comparative vocabulary, and in connec-

tion with the work he prepared synthetic characterizations of the principal elements

of several typical dialects, including the Kataba of the Siouan stock.

Mr. J. N. B. Hewitt continued the preparation of his memoir on the comparative

mythology of the Iroquoian tribes. On juxtaposing the principal cosmogonic myths
of the several tribes, various indications of incompleteness were found; and it was
chiefly for the purpose of verifying certain of the versions that he revisited Ontario,

as has been already noted. He succeeded in obtaining a considerable body of new
data, and after his return from the field he made good progress in the preparation of

his memoir, which is designed for incorporation in an early report. Early in the

fiscal year Mr. Hewitt made a notable comparison between the Seri language, as

recorded recently by Mr. McGee (and as previously obtained from an expatriated

Seri man at Hermosillo by M. Pinart, Commissioner Bartlett, and Senor Tenochio),

with the Y''uman, Piman, and other southwestern dialects recorded by various

explorers. For a time the language of the Seri was supposed to be related to the

tongues of the Y^uman stock; but Mr. Hewitt's exhaustive study of the extensive

body of material now preserved in the Bureau archives seems to demonstrate the

absence of such relation, and to indicate that the language of the tribe represents a

distinct stock. Accordingly the classification of Orozco y Berra and other Mexican
scholars of the middle of the century is revived; and in conformity with the princi-

ples of nomenclature and classification announced in the Seventh Annual Report,

the definition of the language, dialects, and tribes is as follows:

Stock. jyialects and tribes.

'Seri (extant).

Serian.
Tepoka (recently extinct).

Guayma (long extinct).

IJpanguayma (long extinct).
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In the course of liin stay in the Hopi Village, Dr. Fewkes was so fortunate as to

discover a series of hieratic paintings, primarily representing the tribal pantheon,

but connected incidentally with the tribal history. The paintings were executed by
an aged shaman as a sort of personal record akin to the calendars, or winter-counts,

which play so large, yet so obscure, a role in Indian life; and they would doubtless

have been sacrificed on the death of the artist had not Dr. Fewkes discovered them
and succeeded, after much difticulty, in securing them. The series comprises some
four hundred representations, mostly on separate sheets; the pictures partake of the

characteristics of the petroglyphs and calendaric inscriptions such as those described

by the late Colonel Mallery; they also present suggestive similarities to the codices

of more southerly regions. It is the design to incorporate the entire series, repro-

duced in facsimile, in an early report.

One of the Ix'st known contributions to American aboriginal linguistics is the

Elliot Bible, published in the Natick language in 1685. This ctontril)ution was sup-

plemented in a highly notable way during the present centnrj' through the laliors of

the late James Hanmiond Trumbull, who compiled from the Bible, with the aid of

other sources of information at his command, a vocabulary of the Natick tongue.

Unfortunately for students, this compilation was not published, but on the death of

Dr. Trumbull, in 1897, it passed into the custody of the American Antiquarian

Society, at Worcester, Massachusetts. Here it attracted the attention of scholars

and publicists, including Dr. Edward Everett Hale; and it was proposed by Dr. Hale,

with others, to offer the manuscript to the Bureau for publication. Among the

scholars interested in this and cognate ])ublications relating to the aborigines was

the Hon. Ernest W. Roberts, Representative of the Seventh INIassachusetts district

in the Congress; and at his instance authority was granted for resuming the publica-

tion of bulletins by the Bureau. Accordingly, when Dr. Hale, early in 1900, brought

the valuable manuscript of the Trumbull Dictionary to Washington it was assigned

for publication as the first of the new series of bulletins. Before the close of the

fiscal year the compositon was well under way, while Dr. Hale was engaged in the

preparation of a liistorical introduction.

Another contribution of the first importance to knowledge of the al)original Ameri-

can languages is the vocabulary of the Maya tongue, compiled during the earlier

decades of Spanish occupation and well known to scholars (though never 2)rinted)

as the Diccionario de Motul. Two or three copies of the work are extant in manu-

script; one of these passed into the possession of the late Dr. Carlos H. Berendt about

the middle of the present century, and in the course of a lengthy stay in Yucatan

he undertook to revise and complete the vocabulary and to bring it up to date by

the introduction of all Maya terms in modern use. Dr. Berendt' s additions nearly

doubled the volume of the original manuscript, and greatly enhanced its value;

unfortunately he died before his plan for publication was carried out. Before his

death, however, he turned the manuscript over to the late Dr. Daniel G. Brinton, of

Philadelphia, in order that it might he published in that ethnologist's Library of

Aboriginal American Literature. Finding the work too extensive for his facilities,

Dr. Brinton made a jirovisional arrangement, before his death, in July, 1899, to trans-

fer the manuscript to the Bureau; and after his decease the arrangement was carried

out by his legatees and executors, including the University of Pennsylvania, to which

institution his valuable library was bequeathed. Both the original vocabulary and

Dr. Berendt' s supplement are in Maya-Spanish and Spanish-Maya; and, as a neces-

sary preliminary to publication by the Bureau, a transcription was begun by Miss

Jessie E. Thomas, assistant liV^rarian, a student of the Maya language. Toward the

close of the fiscal year Senor Andonaro Molina, of Merida, Yucatan, an eminent

student of the Maya language, visited this coimtry, and, learning of the proposal to

publish the Diccionario de INIotul, came to Washington to proffer his services in any

further revision of the material that might seem desirable. His offer was gladly
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accepted and provision was made for supplying him with copies of the transcript of

the vocabulary.

During the year Dr. Franz Boas made additional contributions of importance to the

linguistic collections of the Bureau. He also completed a second volume of Chinook

texts, which would have been sent to press before the close of the fiscal year except

for his prospective absence in field work and consequent delay in proof revision.

The matter will be incorporated in an early report or bulletin.

WORK IN SOPHIOLOGY.

In pursuing his investigation of the time-concept of Papago Indians as noted in the

last report, Mr. McGee was led to a study of the relations existing between this nota-

bly altruistic tribe and their hard physical environment; and clear indications were

found that with the degree of cultural development possessed by the Papago, the

tendency of a severe environment is to develop altruism. At the same time it wab

noted that the neighboring Seri tribe, surrounded by an environment of similar char-

acteristics in many respects, are notably egoistic and inimical toward contemporaries;

and the striking differences led to further research concerning the interrelations

between human groups and their physical surroundings—interrelations which may
conveniently be styled adaptions. Now, when the study was extended to other tribes

it became manifest that such adaptions may be arranged in serial order, and that when
so arranged the Seri stand at the end of the series marking the most intimate inter-

action between mind and externals, while the Papago stand in the front rank of

aboriginal tribes as graded by power of nature-conquest; and from this point it is

easy to extend the scale into civilization and enlightenment, in which men control

rather than submit to control by their physical surroundings. The serial arrange-

ment of peoples in terms of relative capacity in nature-conquest can hardly be deemed
new, though the special examples (particularly the notably primitive Seri) are

peculiarly instructive; but the successive adaptions thus defined were found unex-

pectedly significant in measuring various degrees of interdependence between envi-

ronment and thought, for it became evident in the light of specific examples that

the habitual thought, like the habitual action of an isolated and primitive folk is a

continuous and continuously integrated reflection of environment. On jiursuing the

relations it was found that the Seri, habitually sulnnitting to a harsh environment

as they do, merely reflect its harshness in their conduct, and that the Papago, seek-

ing habituallj' to control environment in the interests of their kind as they do, are

raised by their efforts to higher planes of humanity. The general relation between

thought and surroundings was found to be of exceeding broad application, extending

far beyond the local tribes. Indeed, it finds most definite expression in the current

scientific teaching that knowledge arises in experience, and it seemed desirable to

formulate the relation as a principle of knowledge which may appropriately be styled

the responsivity of mind. The principle promises to be especially useful to ethnolo-

gists confronted with those suggestive similarities in artifacts, habits, and even lan-

guages, which were interpreted as evidences of former contact until their incongruity

with geographic and other facts proved them to be coincidental merely, for the inter-

•lependence of thought and environment offers an adequate explanation of the coin-

cidences, while the diminishing dependence of thought on environment with cultural

advancement equally exj^lains the preponderance of such coincidences among lowly

peoples. A preliminary announcement of the results of the study has been made,

but full publication is withheld pending further field work.

Mr. James Mooney spent the greater part of the fiscal year in elaborating for pub-

lication the extensive collection of material made by him among the Cherokee

Indians several years ago. The collection comprises a nearly complete series of the

myths and traditions of the tribe, cosmogonic, historical, interpretative, and trivial;

for among the Cherokee, as among other primitive peoples, the traditions vary widely
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in charac-ter and purpose. Mr. Mooney's collections are peculiarly valuable in that

they are so complete as to indicate the genesis and development of the tribal tradi-

tions. It would appear that the parent myth usually begins as a trivial story or

fable, perhaps carrying a moral and thus introducing and fixing some precept for the

guidance of conduct; the great majority of these fables drop out of the current lore

within the generation in which they are born, but those chancing to touch the local

life strongly or happening to glow with local genius survive and are handed down
to later generations. The transmitted fables form a part of the lore repeated by the

eldermen and elderwomen night after night to while away the long evenings by the

camp fire, and in this way they become impressed on the memory and imagination

of the younger associates; for under the conditions of prescriptorial life they come to

take the place of learning and literature in the growing mind of the youth. In the

successive repetitions the weaker fables are eliminated, while the more vigorous are

gradually combined and eventually strung together in an order made definite by
custom; at the same time they acquire sacredness with age, and some of them
become so far esoteric that they may not l)e repeated by youths, or perhaps even by
laymen, when they are the exclusive property of sages or shamans. Now the fable,

per se, is seldom vigorous enough to pass unaided into the esoteric lore of the tribe;

but when it serves to interpret some interesting natural phenomenon, either in its

original form or in its subsequent association, it is there! )y fertilized, and, with the

combined vitality of fable and interpretation, enjoys greatly increased chance of sur-

vival. Sometimes the historical element is also added, when the composite intel-

lectual structure is still further strengthened, and may persist until history blends

with fancy painted prehistory, and the story becomes a full-fledged cosmogonic

myth. Accordingly, the character and the age of myths are correlated in significant

fashion. Mr. Mooney's memoir is incorporated in the Nineteenth Annual Report,

which was sent to the printer on March 28, and proofs were in hand before the close

of the fiscal year. Since it is the first of a series of memoirs on the Cherokee by the

same author, it was thought well to preface the publication with an extended review

of the history of the Cherokee Indians from the time of discovery up to the removal

of a portion of the tribe to Indian Territory, and in collecting material for this his-

torical sketch Mr. Mooney was able to throw new light, not only on the movements
of the tribesmen themselves, but on the routes of travel taken by various explorers

from De Soto down.

Although handicapped by illness, Mrs. Matilda C. Stevenson continued the prepa-

ration of the final chapters in her monograph on Zuni mythology. The work was so

nearly completed at the end of the fiscal year that it was assigned a definite place in

the Twenty-first Annual Report.

Dr. Fewkes's olxservations on the winter ceremonies of the Hopi Indians yielded

important data of the nature suggested in previous paragraphs, and on his return

from the field he at once took up the preparation of a memoir designed for incorpo-

ration in an early report.

A notable acquisition of the year was the Pawnee ritual, known as the Hako,

obtained by Miss Alice C. Fletcher. Its basis is one of those house ceremonies which
hold so large a place in aboriginal thought; and it is so exceptionally full as to at once

reveal some of the most strictly characteristic phases of primitive thought and illu-

mine the simpler house rituals already recorded. It is cosmogonic in import, and

thus reflects the faith of the tribe. At the same time its details indicate the tribal

migrations for many generations. It reveals primitive notions concerning the origin

of fire and the relations of this agency to deified animals. It comprises a partially

archaic vocabulary which promises to throw light on tribal affinities, and it includes

rhythmic and fundamental melodic features which contribute in important degree

to knowledge of aboriginal music. The entire ritual, including the musical accom-

paniment, is well advanced in preparation for the Twentieth Report.
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Dr. Cyrus Thomas continued the examination of Mayan and Mexican aboriginal

number systems, with special reference to the Mayan and Mexican calendar systems.

Early in 1900 he completed a memoir on the subject, entitled "Mayan Calendar Sys-

tems," which was incorporated in the Nineteenth Annual Report. Later in the

fiscal year he continued in cognate work, making gratifying progress. One of the

most interesting features of aboriginal culture to the scholars of the world is the

series of highly developed calendaric systems extending from Mexico on the north to

Peru on the south; these systems reflect a knowledge of astronomy considerably less

advanced than that prevailing in Chaldea and Egypt at the l)eginning of written

history, yet sufficiently advanced to indicate the beginnings of astronomic observa-

tion and generalization, and thus define a stage of scientific development of which
the Old World record is practically lost. Accordingly Dr. Thomas's researches are

deemed especially valuable to scholars.

As already noted, Mr. J. N. B. Hewitt has applied the comparative method to the

study of aboriginal traditions with excellent results. During the closing months of

the fiscal year he was occupied in revising his memoir on Iroquoian mythology, and

incorporating certain important data obtained during his winter trip. The material

is nearly ready for the press.

DESCRIPTIVE ETHNOLOCiV.

Except during the time spent in field work, Mr. F. W. Hodge was occupied in

arranging material for the Cyclopedia of Native Tribes and in editorial work. In the

former task he was aided during a part of the year by Dr. Cyrus Thomas, and in the

latter by Col. F. F. Hilder, ethnologic translator, and Mr. H. S. Wood, assistant

editor. Dr. Thomas finished the revision of the Cyclopedia cards pertaining to the

Siouan stock early in the fiscal year; accordingly this portion of the work is ready

for publication save for the recjuisite editorial scrutinj'. The plan for the Cyclopedia

has bee.i set forth in some detail in earlier reports and need not be repeated.

COLLECTIONS.

The collaborators engaged in field work made more or less extensive collections

for use in their researches, and for subsequent transfer to the National Museum;
and, in addition, a number of special collections were acquired. Conspicuous among
these was the Hudson basketry collection, from California, for which negotiations

were opened during the last fiscal year, though the material was received and installed

during the current year; it is regarded as one of the most instructive collections

of American aboriginal basketry extant, and its possession, in connection with the

very considerable colluctions of corresponding ware already in the Institution, places

the National INIuseum in a foremost position among the museums of the world so

far as opportunities for study of primitive basketry are concerned. Another note-

worthy collection was that of Mr. J. B. Hatcher in Patagonia, of which the final

portions were received during the fiscal year, together with a good series of photo-

graphs illustrating the uses of artifacts, the construction of habitations, etc. ; while

various collections of objects required to complete series, etc., were acquired by
purchase. Among the minor collections was an exceptionally fine one of copper

implements from the Lake Superior region; these implements were noteworthy in

that while of al)original design, the material was wrought with metal tools in such

wise as to show the influence of Caucasian contact; so that the collection forms an

instructive example of acculturation, and serves as a useful guide in the classification

of other copper objects in the Museum. A particularly useful series of stone imple-

ments, known as the Steiner collection, was also among the acquisitions of the year.

Although collateral to the work of the Bureau, it is proper to report that Col. F.

F. Hilder, ethnologic translator and acting chief clerk of the Bureau, was, on Janu-

ary 16, 1900, detailed to the Government Board of the Pan-American Exposition,
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and that under a commission from that Board he visited the Philippine Islands and

made extensive collections of ethnologic and archaeologic material, with the under-

standing that, after use during the exposition, a considerable portion of it should be

transferred to the National ]Museum. Toward the close of the' year Colonel Hilder

reported the shipment of extensive collections, together with a good series of photo-

graphs, drawings, etc., designed for use in the installation. Incidentally he availed

himself of opportunities to obtain certain useful ethnologic literature required for the

library of the Bureau.

PROPERTY.

As explained in previous reports, the property of the Bureau is practically limited

to (1) office furniture and other apjiurtenances to office work, (2) ethnologic manu-
scripts and other records of original work, (8) photographs and drawings of Indian

subjects, (4) a small working lilirary, (5) collections held temporarily by collabora-

tors f(^r use in research, and (6) undistributed residua of the editions of the Bureau

publications. During the fiscal year there has been no noteworthy change in the

amount or value of the office property; a considerable number of manuscripts ( includ-

ing two of special value noted in earlier paragraphs) have been added to the archives,

either temporarily or permanently; over a thousand photographic negatives and

several hundred prints and drawings have been added to the collection of illus-

trative material, while the library iias maintained normal growth, chiefly througli

exchanges. There was no considerable accumulation or transfer of objective mate-

rial required for study during the year, while there was a considerable reduction in

the numl)er of back Reports through the constantly increasing public demand for

ethnologic literature.

PUBLICATION.

Mr. F. W. Hodge remained in charge of the editorial work, with the assistance of

Col. F. F. Hilder during the earlier part of the year and of Mr. H. S. Wood during

Colonel Hilder's absence in the Philippines. The second part of the Seventeenth

Annual Report was received from the Government Printing Office during the year,

though the lirst part was unfortunately delayed. The printing of the Fighteenth

Report Avas practically comi^leted. The Nineteenth Report was transmitted for

puV)lication on March 28, and the composition of this Report and also of the first

bulletin of the new series was under way before the close of the fiscal year.

Mr. DeLancey Gill, the illustrator of the Bureau, remained in charge of the jihoto-

grai^hic work and of the preparation of copy for the frequently elaborate illustrations

required in presenting adequately the results of the researches.

The work in the library of the Bureau was maintained under the supervision of

Mr. Hodge. During the greater part of the fiscal year he had the assistance of Mrs.

Lucretia M. "Waring, who made good progress in the cataloguing of the books and

])amphlets in accordance with the classification of anthropic science developed in the

Bureau. The number of books and pamphlets on hand at the close of the fi-scal year

is about 12,000 and 4,000, respectively.

NECROLOGY.

It is with much sorrow that I have to report the death of Frank Hamilton Gush-

ing, ethnologist in the Bureau, on April 10, 1900. Mr. Gushing was one of the most

enthusiastic students of ethnology ever produced in America, and the spark of his

genius illumined many problems of the science. His death was a blow to the

Bureau and a loss to the world. A more extended obituary will be transmitted

later.
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On December 25, 1899, Dr. Elliott Coues died suddenly. While he was not an

officer of the Bureaii, he had frequently cooperated with the Director and the col-

laborators, especially during the earlier portion of the fiscal year, when he was

attached to a party engaged in work in the pueblo region. An enthusiastic student

of early American history, he was brought in frequent touch with ethnologists and

ethnologic problems, thereby acquiring extended and accurate knoM'ledge of the

aborigines; hence his death waa a serious loss to the science.

Dr. Walter J. Hoffman, for many years an attache of the Bureau, died November

8, 1899. He entered the Bureau in its earlier years as an assistant to the late Col.

Garrick Mallery, and spent some years in the collection f)f petroglyphs and other

aboriginal records. SuVjsequently he made independent studies in different tribes,

notably the Menominee of Wisconsin. His principal publications in the Bureau

Reports are "The Midewiwin, or Grand Medicine Society of the Ojibwa," in the

Seventh Report, and "The Menominee Indians," in the Fourteenth Report. His

connection with the Bureau was temporarily severed in 1895, when he undertook

certain special work for the United States National Museum; in 1897 he was

appointed United States consul at Mannheim, Germany, where he availed himself

of opportunities for study of aboriginal American collections and records. His

health failing, he returned to his home near Reading, Pa., in the autumn of 1899,

where his death occurred. Although he was Imt 53 years of age at the time of his

death, he was one of the pioneers in American etjinology.

I have the honor to be, yours, with respect,

J. W. PowET.L, Direclor.

Mr. S. P. Langley,

Secrektrij Smithsonian Inslitutiori, Uushimjton, I). C.



Appendix III.

REPORT ON THE OPERATIONS OF THE INTERNATIONAL EXCHANGE
SERVICE FOR THE YEAR ENDING JUNE 30, 1900.

Sir: I have the honor to Hubmit the following re]iort upon the operations of tlie

International Exchange Service for the year ending June 30, 1900.

About seven years ago extensive improvements were made in the basement of the

eastern wing of the Smithsonian Building, and five comnuinicating rooms were
arranged expressly for the use of the J]xchange Service and havesince been so occupied.

The general equi])mentof these offices consists of sorting and folding tables; bins for

the geographical classification of exchanges contributed in the United States for distri-

bution abroad; book cases for directories of the principal cities of the world, college

year books, and other publications for ready reference; filing cases for index cata-

logues and cases for correspondence, exchange ledger accounts, and receipt cards for

exchange packages, both foreign and domestic; necessary desks with customary
equipments, a typewriter, copying press, etc. The property acquired during the

year has consisted almost exclusively of boxes, packing materials, stationery, and

other expendable supplies, the cost of which was $1,322.

The space originally assigned to the International Exchanges has not since been

enlarged, although the work of late has materially increased. The duties of the serv-

ice require the constant handling of heavy boxes and packages, necessitating frequent

repairs to the floors, walls, and furniture, the expense of which is invariably borne

by the Smithsonian Institution and not from the Congressional a])propriations for

the support of the Exchange Service.

Losses of exchanges occurred during the year l)y the burning and subsecjuent sink-

ing of the steamship Putria, of the Hamburg-American Line, off the English coast on

November 4, 1899, while en route from New York to Hamburg, the consiginnent

consisting of three cases for Russia, three for Sweden, three for Austria, and one for

Hungary. All contained miscellaneous publications for correspondents in those

countries. Two cases of miscellaneous exchanges for Switzerland and one case of

United States Government publications destined for the Bibliotheque Federale, Bern,

were destroyed by fire while on the docks of the North German Lloyd Steamship

Company at Hoboken, N. J., on June 30, 1900. All available dui^licate i)ublications

to replace those destroyed by the burning of the steamship Fairia were forwarded to

the original addresses, and an attempt will be made to secure duplicates of those

burned on the Hoboken docks. It is assumed that there will be no difficulty in

procuring all contributions by individuals and societies, but a special act of Congress

may be necessary in order to obtain the Congressional documents, inasnnu^h as their

distribution is specific and no provision is made for replacing duplicates when
losses occur in the manner above mentioned.

The comparative statements which follow in this report show in the aggregate a

marked increase in the extent of transmissions during the year ending June 30, 1900,

over those of the previous twelve months. The number of correspondents has been

increased during the year by 2,982, and now aggregates 33,951. Of this number,

7,721 are in the United States. Fifteen thousand seven hundred and twenty-eight

packages, or 92,108 pounds in weight, represent the increase in transmissions during

the past year. This is equivalent to 16 per cent and 29 per cent, respectively. During
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this time 1,768 cases, representing 687 separate transmissions, or an average of more

than 13 transmissions each week, were shipped abroad. Notwithstanding the increase

in the number of shipments, the office routine has of late been so simplified as to

enable the regular force employed in the Exchange office to distribute packages

immediately after their receipt at the Institution, and, with the exception of the

record division, in which the work has occasionally been behind, no part of the

service has suffered.

The Government appropriation for the support of the International Exchanges

during the fiscal year ending June 30, 1900, was $3,000 alcove that for the previous

year. This increase, which has been applied mainly to transportation charges, has

enabled the Institution to make use of the most expeditious carriers of freight and

express from New York to the principal ports of all other countries, whereby its

packages now reach their destination in much less time than formerly. This is a

most decided improvement over the previous conditions, under which, with wholly

insufficient means, the Institution was obliged to avail itself of the privileges so gen-

erously granted by such of the steamship companies as were willing to take its

freight gratuitously or at greatly reduced rates, and to accept such service as the

companies could afford to give on these terms. While the railroad service could be

improved both in this country and in Europe by a somewhat increased expenditure,

which, however, it is as yet impossible to make, the arrangements so far consum-

mated by the Institution, both as to ocean transportation and the distribution of

packages received from abroad for the United States, are fairly satisfactory.

Exchange relations with Spain, which were suspended during the continuance of

the recent war with that country, have been reestablished, and by direction of

the Spanish secretary of state, under date of September 30, 1899, the Ministerio de

Fomento at Madrid has been designated to receive and distribute all parcels sent from

the United States through the Smithsonian Institution, thus becoming the recognized

medium of exchange in Spain.

Since the last report full exchange relations have been established between the

United States and Costa Rica; but all efforts in the direction of inaugurating an official

bureau for handling miscellaneous exchanges in Japan liaveso far failed, although the

government of that country T)ears the expense of distributing such inil)licationsasare

sent to the various governmental institutions and to individuals officially connected

therewith.

For the past six months China, with a single exception, has been the only country

in the world in which there have not been some means of distributing exchanges.

Formerly the Zi-ka-wei Observatory at Shanghai attended to the matter, but it has

lately been forced to decline further service. The Chinese minister at Washington has

taken much interest in the International Exchange Service and has expressed him-

self not only in favor of sending regularly to this country tlie official pul)lications of

his government in exchange for the congressional and departmental documents of

the United States, but also of esta))lishing in China an oflicial bureau through which

exchanges could T)e distril)uted to institutions and individuals throughout the Empire.

Until recently it was thought that negotiations were progressing favorably to this

end, but the present condition of the Chinese Government will, it is feared, ijidefi-

nitely postpone the consummation of this plan.

Messrs. William Wesley & Son, at London, Dr. Felix Fliigel, at Leipsic, and Dr.

Joseph von Korosy, at Budapest, continue in the service of the International

Exchanges as salaried agents, and to them, as well as to the large number of agents

who gratuitously serve the Institution in the distribution of exchanges, grateful

acknowledgments are due.
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Tabular statement of the work of the International Exchange Service dnriug tJie fiscal year
1899-1900.
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CORRESPONDENTS.

The record of exchange correspondents at the close of the year contained 33,951

addresses, being an increase of 2,982 over the preceding year. The following table

gives the number of correspondents in each country and also serves to illustrate the

scope of the service:

Ninvh(r ([f (-(yrrfHiiovdnitH <)f thr IntiTiiniionfil Exrlutruje Service in each countrij on June

30, 1900.

Correspondents.

Libra-
ries.

AFRICA.

Algeria
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Number of curresponde)it>( nf the International Exchange Service in eacli countnj on June

30, iSOO—Continued.

Country

AMERICA (SOUTH )-

tiimod.

Peru

Uruguay

Venezuela

ASIA.

Arabia

Borneo

British Burma
British North Borneo.

Celebes

Ceylon

China

Cochin China

Cyprus

Formosa

French East Indies .

.

Hongkong
India

Japan

Java

Korea

New Guinea

Persia

Philippine Islands...

Portuguese India

Slam

Straits Settlements. .

.

Sumatra

AUSTRALASIA.

New South Wales.

.

New Zealand

Queensland

South Australia

Tasmania

Victoria

Western Australia .

Corresponden ts

.

Libra-
ries.

192

110

13

1

Indi-
viduals.

1

1

10

80

4

3

1

1

12

168

236

29

7

1

102

77

42

62

IS

113

19

86

64

69

7

1

7

1

1

30

117

8

5

1

2

19

360

346

42

8

1

11

17

1

17

23

166

143

74

99

31

205

31

Country.

EUROPE.

Au.stria

Belgium

Bulgaria

Denmark

France..

Germany

Gibraltar

Great Britain ...

Greece

Iceland

Italy

Luxemburg

Malta

Netherlands

Norway
Portugal

Roumania

Russia

Servia

Spain

Sweden

Switzerland

Turkey

Correspondents.

Libra-
ri' s.

POLYNESIA.

Bismarck Archipelago

Fiji Islands

Hawaiian Islands

Marshall Islands

New Caledonia

New Hebrides

Samoa

Tahiti

Tonga

International

Total

.

(153

303

12

98

1,539

2,176

1,709

37

16

724

8

8

178

117

96

30

431

17

154

162

308

33

Indi-
viduals.

33

.S31

326

10

146

1,781

2,802

4

3, 728

36

8

712

2

11

230

112

71

46

665

12

166

244

476

20,385

1,484

029

22

244

3,320

4,978

4

5,437

73

24

1,436

10

19

408

229

167

76

1,096

29

320

406

784

105

33,951

E.VCHANGE OF GOVERNMENT DOCU.MENTS.

The following table shows the number of packages handled during tlie year for the

several l)ranches of the Government. By comparison with the last report it will be

observed that there has been an increase this year of 49 per cent in the transmissions

abroad and a decrease of nearly 35 per cent in the receipts. The packages enumer-

ated as sent by the Library of Congress were those forwarded in conformity with the

act of Congress of 1867.
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Statement of Government exchanges during the year 1899-1900.

Name of bureau.

American Historical Association

Astrophysical Observatory

Bureau of American Ethnology.

Bureau of American Republics.

Bureau of Education

Bureau of Engraving and Print-

ing

Bureau of Medicine and Surgery

Bureau of the Mint

Bureau of Navigation

Bureau of Statistics, Treasury

Department

Bureau of Steam Engineering,

Navy Department

Census OflRce

Civil Service Commission

Coast and Geodetic Survey

Commissioner of Railroads

Commissioners of the District

of Columbia

Comptroller of the Currency

Department of Agriculture

Department of the Interior

Department of Justice

Department of Labor

Department of State

Entomological Commission

Fish Commission

General Land Office

Geological Survey

Hydrographic Office

Packages.
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Comparative statement of jmckages received fur transmission through the International

Exchange Service, etc.—Continued.
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Comparative statement of packages received fur trans7nissio)i tlirougli the International

Exchange Service, etc.—Continued.
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Coiiqxtniticc datcmcut of packages received for transmission, through the International

Exchange Service, etc.—Continued.
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Guadeloupe. {See France.

)

Guatemala: Instituto Nacional de Guatemala, Guatemala.

Guinea. {See Portugal.)

Haiti: Secretaire d'Etat des Relations Exterieures, Port au Prince.

Hawaiian Islands: Foreign Office, Honolulu.

Honduras: Biblioteea National, Tegucigalpa.

Hungary: Dr. Joseph von Korosy, "Redoute," Budapest.

Iceland. (^S'cfc' Denmark.)

Italy: Biblioteea Nazionale Vittorio Emanuele, Rome.
Jamaica. {See British Colonies.

)

Java. {See Netherlands.)

Korea: Packages sent by mail.

Leeward Islands. {See British Colonies.

)

Liberia: Care of American Colonization Society, Washington, District of Columbia.

Luxemburg. (^S'cc Germany.

)

Madagascar. {See France.)

Madeira. [See Portugal.)

Malta. {See British Colonies.

)

Mauritius. {See British Colonies.

)

Mexico: Packages sent by mail.

Mozambique. {See Portugal.)

Natal: Agent-General for Natal, London, England.

Netherlands: Bureau Scientifique Central Neerlandais, Den Helder.

New Guinea. {See Netherlands.

)

New Hebrides: Packages sent l)y mail.

Newfoundland: Packages sent by mail.

New South "Wales: Government Board for International Exchanges, Sydney.

New Zealand: Colonial INIuseum, Wellington.

^Nicaragua: Ministerio de Relaciones Exteriores, ^Managua.

Norway: Kongelige Norske Frederiks Universitet, ('hristiania.

Paragua}': Care Consul-General of Paraguay, Washington, District of Columbia.

Persia. {See Russia.)

Peru: Biblioteea Nacional, Lima.

Philippine Islands: Packages sent by mail.

Portugal: Bibliotheca Nacional, Lisbon.

Queensland: Chief Secretary's Office, Brisbane.

Roumania. {See Germany.)

Russia: Commission Russe des Echanges Internationaux, Bibliotheque Inqwriale

Publique, St. Petersburg.

Saint Helena. {See British Colonies.)

Santo Domingo: Packages sent by mail.

San Salvador: Museo Nacional, San Salvador.

Servia. {See Germany.

)

Siam: Board of Foreign Missions of the Presbyterian Church, New York.

South African Republic: William Wesley & Son, 28 Essex street, Strand, London.

South Australia: Astronomical Observatory, Adelaide.

Spain: Oficina para el Canje de Publicaciones Oficiales, Cientificas y Literarias.

Seccion de Projiiedad Intelectual del Ministerio de Fomento, Madrid.

Straits Settlements. {See British Colonies.)

Sumatra. {See Netherlands.)

Syria: Board of Foreign Missions of the Presbyterian Church, New York.

Sweden: Kongliga"Svenska Vetenskaps Akademien, Stockholm.

Switzerland: Bil)liotheque Fcderale, Berne.

Tasmania: Royal Society of Tasmania, Hobart.
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Trinidad. {See Britisli Colonies.)

Tunis. {See France.

)

Turkey: American Board of Commissioners f(jr Foreign Missions, Boston, Massa-

chusetts.

Turks Islands. {See British Colonies.)

Uruguay: Oficina de Deposito, Reparto y C'anje Internacional, Montevideo.

Venezuela: jVIuseo Nacional, Canlcas.

Victoria: Public Library, Museum, and National Gallery, Melbourne.

Western Australia: Victoria Public Library, Perth.

Zanzibar: Packages sent b}^ mail.

The distribution of exchanges to foreign countries was made in 1,768 cases, 239 of

which contained official documents for authorized depositories, and the contents of

1,529 cases consisted of Government and other publications for miscellaneous cor-

respondents. Of the latter class of exchanges the number of cases sent to each coun-

try is given below.

Argentina 36

Austria 74

Belgium 46

Bolivia 4

Brazil 14

British Colonies 14

Cape Colony 3

China
*

2

Chile 11

Colombia 5

Costa Rica 5

Cuba 5

Denmark 17

Dutch Guiana '

East India 15

Ecuador 7

Egypt 2

France and colonies 169

Germany 238

Great Britain and Ireland 341

Greece 28

Guatemala

Haiti

Honduras

.

Hungary 25

Italy .'.

Japan

Liberia

Mexi(!o ^

74

19

2

Natal '

New South Wales 19

Netherlands 34

New Zealand 10

Nicaragua 4

Norway 22

Paraguay _ 2

Peru 7

Polynesia ^

Portugal 14

Queensland 7

Roumania*
Russia _ 60

Salvador 3

Servia *

Siam 1

South Australia 14

South African Republic ^

Spain 26

Sweden 48

Switzerland . 42

Syria 3

Tasmania ^

Turkey 6

LTruguay 6

Venezuela 5

Victoria 14

W^estern Australia 17

The following is a list of depositories of regular sets of United States Government
publications forwarded aljroad through the Internaticjnal Exchange Service on August

1, November 1, and December 30, 1899, and on March 12 and May 14, 1900:

Argentina: Liljrary of the Foreign Office, Buenos Ayres.

Austria: K. K. Statistische Central-Commission, Wien.

^ Included in transmissions to Netherlands.

^ Packages sent by mail.

•^ Included in transmissions to Great Britain.

* Included in transmissions to Germanv.
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Baden: Universitats-Bibliothek, Freiburg.

Bavaria: Konigliche Hof-und Staats-Bibliothek, Miinchen.

Belgium: Bibliotheque Royale, Brussels.

Brazil: Bibliotheca Xacional, Rio de Janeiro.

Buenos Ayres: Library of the Government of the Province of Buenos Ayres, La Plata.

Canada: Parliamentary Library, Ottawa.

Canada: Legislative Library, Toronto.

Chile: Biblioteca del Congreso, Santiago.

Colombia: Biblioteca Nacional, Bogotd.

Costa Rica: Oficina de Deposito, Reparto y Canje Internacional, .San Jose.

Denmark: Kongelige Bibliotheket, Copenhagen.

England: British Museum, London.

France: Bibliotheque Nationale, Paris.

Germany: Deutsche Reichstags-BiVjliothek, Berlin.

Greece: National Library, Athens.

Haiti: Secretaire d'Etat des Relations Exterieures, Port au Prince.

Hungary: Hungarian House of Delegates, Budapest.

India: Secretary to the Government of India, Calcutta.

Italy: Biblioteca Xazionale Yittorio Emanuele, Roma.

Japan: Foreign Office, Tokyo.

Mexico: Museo Nacional, Mexico.

Netherlands: Library of the States General, The Hague.

New South Wales: Government Board for International Exchanges, Sydney.

New Zealand: General Assembly Library, Wellington.

Norway: Departementet for det Indre, Christiania.

Peru: Biblioteca Nacional, Lima.

Portugal: Bibliotheca Nacional, Lisbon.

Prussia: Konigliche Bibliothek, Berlin.

Queensland: Parliamentary Library, Brisbane.

Russia: Imperial Public Library, St. Petersburg.

Saxony: Konigliche Bibliothek, Dresden.

South African Republic: Department of Foreign Affairs, Pretoria.'

South Australia: Parliamentary Library, Adelaide.

Spain: Seccion de Propiedad Intelectual del Ministerio de Fomento, ]Madrid.

Sweden: Kongliga Biblioteket, Stockholm.

Switzerland: BiVjliotheque Federale, Berne.

Tasmania: Parliamentary Lil)rary, Hobart.

Turkey: Minister of Public Instruction, Constantinople.

Uruguay: Oficina de Deposito, Reparto y Canje Internacional de Publicaciones,

Montevideo.

Venezuela: Biblioteca Nacional, Caracas.

Victoria: Public Li))rary, Melbourne.

Western Australia: Victoria Public Library, Perth.

Wiirttemberg, Konigliche Bibliothek, Stuttgart.

Resjiectfully submitted. Richako Ratiibitn,

Assislaiit /Secretary.

Mr. S. P. Langley,

Secretary of the SinHli-^oiiian Lmt'ttiifion.

^ Shipments subsequent to August 1, 1899, suspended.



Appendix IV.

REPORT OF THE SUPERINTENDENT OF THE NATIONAL ZOOLOGICAL
PARK.

Sir: I have the honor to herewith submit the following report relating to the con-

dition and operations of the National Zoological Park for the year ending June 30,

1900.

At the close of that period the approximate value of the property laelonging to the

park was as follows:

Buildings for animals $57, 000

Buildings for acUiiinistrative purposes 12, 000

Office furniture, fixtures, and books 2, 600

Machinery, tools, and implements 2, 000

Fences and outdoor inclosures 25, 000

Roadways, paths, rustic seats, etc 46, 000

Nurseries 1, 000

Horses 800

Animals in zoological collecti(jn 32, 000

A detailed list of the animals in the collection is appended hereto. They may
be classified as follows:
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and the stairway at the eastern end has been re})uilt so as to offer more convenient

access to the boiler room. Cost, $1,400.

Antelope house.—The east wing of tliis structure, left unfinished for want of funds,

has been completed and furnished with suitable cages. The cages along the western

front have also been fitted with steel bars and a series of open-air paddocks built

along the west side. A cement floor has been laid, extending under the cages. Total

cost, $2,500.

Aquarhnn.—The old pumps received from the Fish Commission with the general

plant being worn out, new salt-water pumps with hydraulic motors were su})plied.

A steam boiler with coil for heating salt water was put in, a tank for cooling the

water also constructed, and a thermostat installed that controls the temperature of

the water within 2 ° F. For transporting salt water a new outfit of cans was ]iur-

chased. The supi)ly is brought from Norfolk by steamer. Total cost, $900.

Temporary house for birds.—There being no suitable house for birds in the park,

the small frame building formerly used for dogs was fitted up with outside cages and

bathing pools. It is far from being satisfactory, as there is no means for heating it.

The hardier species of birds, together witli some that should be supplied with better

protection, w'ere housed here for the winter. Cost, $650.

New paddocks and sheds for moose, caribou, fallmv deer, and arctic foxes.—The acces-

sion of these new species made it necessary to construct paddocks and shelters near

the western entrance of the park, each provided with a pool or other water supply.

Cost, $1,400.

Cage for harpij eagle.—A commodious open-air cage was built for this fine bird at a

cost of $150.

Fence for buffalo paddocks.—The strong iron fence built for the bison was unsatis-

factory as it has been much bent and injured by tlie frequent plunging and bvitting

of these ptjwerful animals. It has been replaced by a Page wire fence stretched

between iron posts. The resiliency of this structure makes it much less liable to

injury, and the animals attack it much less frequently than they do a stiff resisting

fence. Cost, $1,000.

Driveway along Bock Creek.—This road, provided for by a special clause in the act

appropriating funds for the park, has been continued by making a short connecting

branch under the Klingle bridge, by repairing the damage done by the ice jam in the

winter of 1898-99, by completing the masonry dam required for the protection of the

roadway at the lower ford near the site where formerly stood the Adams mill,

and by making the ford jiracticable for carriages. As several serious accidents have

occurred through attempts to cross at the fords on this road during high water, posts

and chains have been placed on either bank near the fords and access to them is

prevented during a dangerous condition of the stream. The cost of the extension of

this driveway was equal to the amount appropriated, viz, $5,000.

Mai>i drireway.—This was resurfaced with gravel from Quarry Road ])ridge t(j the

concourse, at a cost of $400.

Walks.—In front of the new outer yards at the antelope house a crushed-stone walk

was made connecting with the general system, at a cost of $300.

RejMiring damages of storm.—On June 2, 1900, there occurred a remarkable and

unprecedented rainfall, nearly 3| inches falling during two hours. This did much
damage to the roads and waterways in the park, especially on the eastern side, where

the raw condition of the banks of earth made for the grading of the contiguous city

roads caused hundreds of tons of gravel and debris to be precipitated upon the park,

filling up the pelican pond, tearingdown fences, destroying gutters and drain pipes, etc.

The repair of this damage and the resurfacing of the roadways and walks cost $1,400.

Care of grounds.—The general care of the grounds, including the trimming of forest

growth, removal of dead and injured trees, thinning and prmiing, the care and trans-

portation of nursery stock, etc., cost '•
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BOX'XDAKY OF THE PARK.

The following legislation lias heen enacted affecting the boundaries of the park:

For the purpose of opening Cathedral avenue in accordance with the highway
extension i)lans, the Secretary of the Interior is hereby authorized and directed to

convey all right and title of the United States in and to a parcel of land bounded on
the north l)y block two of the subdivision called Meridian Hill, and on the east by the
east line of said block two extended southward, and on the west by the east line of

Sixteenth street west, as said line is now extended and laid down through said block
two, and on the south by a line parallel to W street of the city of Washington and
distant ninety feet north from the south line of said W street, to the parties owning
a good and unincumbered title in fee simple to lots numbered twenty-two to twenty-
nine, botli inclusive, in block numbered five of the subdivision called Woodley Park,
ill the District of Columbia, containing about one hundred and three thousand five

hundretl scjuare feet of land, and adjoining the land of the United States embracing
the Zoological Park, upon the conveyance by said parties of the said lots to the
United States: Provided, That said lots in said Woodley Park, when so conveyed
to the United States, as aforesaid, shall become a part of the said Zoological Park and
shall be suliject to the inclusion of so much of the same on said Cathedral avenue as

may be necessarv for the purpose of opening the said avenue. (Sundrv civil act,

July 1, 1898.)

For grading and regulating Cathedral avenue from Connecticut avenue to Woodley
road and tlie highway along the west border of the Zoological Park from Woodley
road to Cathedral avenue, as shown on the plan of the permanent system of high-
ways, third section, twenty-one thousand dollars: Provided, That parties interested

first deposit with tlie collector of taxes of the District of Columbia an equal sum to

be used toward defraying the cost of the work: And provided. That the full width of

the highway l;)or<lering the Zoological Park be donated to the District of Columbia
whenever it lies within the limits of Woodley Park. And the Commissioners of the
District of Columbia are hereby authorized to use as a highway so much of the Zoo-
logical Park as lies within the lines of said proposed highwav. (District act, June 6,

1900.

)

A sketch map showing the several successive alterations of the boundary of the

park in this region is herewith appended.

Removal of trees from Cathedral avenue.—It will be noted that the most recent legisla-

tion cedes to the District of Columbia a strip of ground required for Cathedral avenue.

This strip was planted during 1891 and 1892 with fine evergreen trees, which have

grown well and are now large and very valuable specimens. These have been care-

fully removed by special apparatus so as to disturb the roots as little as possible, and
replanted in various situations throughout the park where needed, at a cost of |1,100.

The amount approi)riated for the park during the year was §75,000, of which $5,000

was for continuing the driveway along Eock Creek already mentioned and $5,000 for

widening the Adams Mill road near the entrance to the park. It will be remembered
that this road is partly without, partly within, the park. The terms of the act refer

to the portion without the park and are as follows:

And five thousand dollars shall be expended in widening the Adams Mill road
entrance to the Zoological Park from the corner of Eighteenth street and Columbia
road, by acquiring by purchase or condemnation of land sufficient to widen the same
to a width of one hundred feet, and such road, so widened, shall form a parkway under
the control of the Zoological Park. (Sundry civil act, March 3, 1899.

)

An estimated valuation of the property affected by the widening prescribed by
this act showed that the sum appropriated was far from adequate for its purchase.

It was also found that there would necessarih^ be some difficulty in placing a resi-

dential street under the control of the Zoological Park owing to the municipal regu-

lations concerning water, gas, sewers, etc. It was therefore deemed best to defer

action until the sense of Congress could be had concerning the matter. During the

last session the law was changed by the following legislation:

The unexpended balance of the amounts, aggregating eight thousand dollars, here-
tofore appropriated for widening, grading and regulating Adams Mill road from
Columbia road to the -Zoological Park entrance is hereby reai^propriated, to be
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expended under the direction of the Commissioners of the District of Cohimbia; and
the control of Adams Mill road is hereby vested in the said Commissioners of the

District of Columbia and all j^roceedings necessary to purchase or condemn the land

necessary to widen said road as authorized by act ajjproved March third, eighteen

hundred and ninety-nine, providing for sundry civil expenses of the (-Jovernment for

the fiscal year ending June thirtieth, nineteen hundred, and for other ]>uriwses, shall

be taken by said Commissioners. (Sundry civil act, June 6, 1900.)

It is hoped that the provisions of this act may result in an improvement of the city

roads giving access to the park. At present they are far from satisfactory.

The improvement of the Adams Mill road (without the park) has l)een necessarily

delayed owing to the advance of property and the above-mentioned tlifficulties. A
similar condition has prevailed at the western entrance to the park, near Con-

necticut avenue extended. An appropriation was made some years ago for the

widening and improvement of this street, but it appears to have been insufficient

as the work has never been completed. Its unfinished aspect greatly mars the

approach to the park, and during wet weather the road, which has not been macad-

amized, becomes very muddy and unpleasant for carriages. As the roads within

the park are among the best in the District and give access to beautiful drives in

the upper park along Rock Creek, it seems highly desirable that this condition

should not continue.

It should be noted that the act appropriating funds for the District of Columbia

has this year provided for a road to be led along the left bank of the creek, finally

abutting upon the park at the situation shown ujjon tlie annexed map. The exact

terms of this act are as follows:

To construct. a masonry retaining wall between Cincinnati street and Woodley road
to define the limits of a new driveway, which the (Commissioners of the District of

Columbia are hereby authorized to lay out along the east side of Rock Creek from
Connecticut avenue to Zoological Park, four thousand dollars: Provided, That all land
within the limits of said highway between Cincinnati street and Woodley road shall

first be dedica.ted to the District of*Columbia. (District act June 6, 1900.

)

In the report of two years ago it was mentioned that the bridge over Rock Creek

near the Quarry road entrance had begun to show signs of decay. This has increased

alarmingly, and it was thought 1)est to have the structure examined by an expert

engineer. Mr. H. R. Leonard, of Philadelpliia, a civil engineer rei-ommended by the

bridge department of the Pennsylvania Railroad Company, made a report on the struc-

ture to the effect that it was unsafe and should be immediately replaced by a new
one. Heavy traffic over the bridge was at once stopped and Congress was asked to

appropriate the sum of $10,000 for an iron bridge. Afterwards, owing to the advance

in price of iron, it was asked that this amount be increased to |12,000. It was finally

determined by Congress that a bridge either of natural or artificial stone should

be constructed, and the sum of $22,000 was aiipropriated for the purpose. The con-

struction will be conducted under the direction of the engineer Commissioner of the

District of Columljia.

The question of completel}- inclosing the park with a boundary fence has been

considered during the year. The fence built in 1890 was not completed at the lower

portion along the banks of Rock Creek, and was never extended across the roads at

the various entrances. Besides this, successive changes of boundary and the con-

struction of roads along the boundary line at the lower end of the park have made
it necessary to remove the fence in that region. It should also be noted that even

where the fence is comi:)lete it affords no effective l)arrier against predatory dogs and

cats. In consequence of this, several accidents to animals have occurred. The
number of attacks of dogs up to June 30, 1900, is as follows:

August, 1891, Virginia deer seriously injured by dogs.

October 10, 1891, prong-horn antelope, frightened by dogs, ran into ferice of pad-

dock and broke its neck.

October 3, 1892, two South American deer killed l^y thive dogs.
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March 31, 1896, three goats killed l)y dogs.

December, 1897, mule deer liuck, frightened by dogs, ran into fence, broke its

horns, tore off one hoof, and was otherwise so badly injured that it never recovered.

January, 1900, pack of dogs killed two deer and injured four, three of which

(lied in consequence.

The cats prey upon the wild birds, squirrels, and other small animals, and are

even a source of danger for some of the captive colonies of ground squirrels and

prairie dogs. Attempts have been made to remedy this bj' increasing the force of

watchmen, by strewing poisoned meat near the deer pens, and by removing from

the park all domestic dogs which attract their kind. The most effectual remedy

would of course be a dog and cat tight fence with guarded gates. An ajipropriation

of $20,000 for a fence of this character was asked of Congress, but has not yet been

granted.

It should be noted, moreover, that the maintenance of guarded entrance gates

involves an increase in the number of watchmen and the advantage gained seems

hardly coinmensurate with the annual expense required, for even with the best

repairs the old fence will not prove an effective barrier.

The expense of a thoroughly jirotective fence inclosing the entire park is undoubt-

edly an obstacle to its erection. If it is impracticable to make so large an inclosure,

I would still recommend that a considerable section of the more secluded portion of

the grounds lie thus fenced off. This would be of the greatest value for the exhibi-

tion of game birds of all species, for deer, antelope, rabbits, squirrels, etc.

The situation of the park at the bottom of a deep valley, while it adds to its seclusion,

entails some disadvantages. The city roads that lead into it are steep in grade, and
during great storms like that of June 2, 1900, the storm water is precipitated in tor-

rents upon the park, bringing down tons of debris that clog the pipes and overwhelm
the roads. The only effective remedy for this is the construction oi culverts of suffi-

cient size to readily carry into the creek all the water that may fall. The raw slopes

of the city streets that lie on a higher level than the park to the eastward continue to

be a great source of annoyance, as large quantities of red mud wash dow^i from them
upon the park grounds after every heavy rain.

During the year the District Commissioners constructed a sewer from Ontario

avenue through the park, connecting with the intercepting sewer formerly constructed

by them. The point where this sewer enters the park at Ontario avenue should be
protected by a proper retaining wall. Such a wall should also be built along Klingle

road, where the little stream that follows the park boundary for a short distance has
cut into the road.

The circular sent to officers abroad with reference to collecting animals for the

National Zoological Park has elicited some very satisfactory responses. Mr. E. S.

Cunningham, United States consul at Aden, Arabia, states that wild animals can be
procured in that vicinity at low rates and that transportation to New York can be had
without great difficulty. Two young lions and two beautiful young leopards have
already been secured by his efforts. The consul at Maracaibo has secured free trans-

portation for his animals and has offered to attend to procuring them. The consul
at Singapore sends a list of animals that may be procured at that port, with ]>rices of

the same, which are far below those at which the same animals can be obtained here.

Other officers abroad have also offered to procure animals.

Mr. M. W. Gibbs, the consul at Madagascar, collected some of the rare animals of

that region, expecting to deliver them to the U. S. S. Chicago, whose commanding officer

had been instructed by the Navy Department to transport them for the park.
However, for some reason not clearly understood, the officer in command of the
Chicago refused to take the animals. The bubonic plague shortly appeared in Mada-
gascar, the shipment of animals then became impracticable, and it therefore became
necessary to release them.
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Through the good offices of the consul at Winnipeg, Manitoha, a fine pair of

young moose was procured for the park, and the consul at St. Johns, Newfound-

land, has undertaken to procure a pair of the little-known Newfoundland caribou

{Rangifer terrsc-nonr) . Mr. K. K. Kenneday, consul at Para, Brazil, secured a

valuable collection of eighteen small mammals and birds from his excellency the

governor of the province. A large female tapir belonging to this collection died en

route.

Other contributors have been as follows:

Brig. Gen. James TI. Wilson, U. S. V., commanding the Department of Matanzas

and Santa Clara, Cuba: Ten flamingoes, and on iK'half of (ien. Dantin y Feliz, a

pair of jutia-conga.

Lieut. Commander \V. H. H. Southerland, U. S. N., commanding U. 8. S. >S'ro?'-

'plnn: Two crab-eating raccoons, obtained off the mouth of the Orinoco River.

Lieut. AVilliam A. Lieber, jr., U. S. A. : A black ape and a moor macaque, obtained

by him while serving in the Philippines.

Lieut. Roger Welles, jr., U. S. N. : A young Baird's tajiir, o))tained on the Isthmus

of Panama.

Capt. George F. Chase, U. S. A. : A Philippine deer.

Alfred Benitz, Calchaqui, Argentine Republic, through James JI. Avers, United

States consul at Rosario, a very fine female white-lipped peccary.

Maj. Charles A. P. Hatfield, U. S. A., Puerto Principe, Cuba, on behaU' of Ids

daughter, Miss Helen Hatfield, two jutia-conga and one sandhill crane.

The advent of these specimens and of others from domestic sources has taxed the

park very severely to supply the necessary quarters. In several preceding repoi'ts

attention has been drawn to the fact that there is not at present in the park any
adequate housing provided for birds, reptiles, or small mammals. The larger cats

are well housed, but for other classes the accommodations are insufficient. Animals

from widely different regions, accustomed to different surroundings, temperature,

and protection, are crowded together in a single building with the same conditions

of heating, lighting, ventilation, and shelter. While the park has the nucleus of an

excellent collection of aquatic birds, there are no suitable quarters for them during

winter and they are then deprived of the proper bathing facilities. In consequence

of this the whole of the fine group of flamingoes received from Cuba was lost. The
parrots and macaws are necessarily placed during winter on top of the other cages

within the principal animal house. In this situation they are not properly protected

and the mortality is consequently far above what it should be.

The reptiles of the park are in no better case. The rare and curious specimens of

the giant tortoise from the Galapagos Islands are housed in an office room wholly

unsuited for them, with but little sun and insufficiently ventilated. Many visitors

never see these strange and remarkable animals. The alligators are unreasonably

crowded, and often injure each other in consequence. There 1)eing no room for

tanks for other amphil)ious c;reatures, no attempt has T)een made to obtain the rapidly

disappearing American crocodile or any of the large sea turtles of our coast. The
collection of snakes is very badly crowded, one case sufficing for the great tree

snakes—pythons, boas, and anacondas being crowded together in a manner that is

uncomfortable for the animals and confusing to the public. All this is in marked
contrast to the practice in the best zoological gardens elsewhere, which have reptile

houses with glass cages, in which the animals can receive proper attention and have
earth, water, and sunlight. The recently constructed reptile house at the New York
Zoological Park cost $48,000, and is one of the chief attractions of the place.

The small mammals are so inadequately housed that visitors have complained of

certain cases. Many of them have no outside yards, and nothing can be done toward
providing them with natural surroundings or with secluded breeding cages. In this

the cardinal principle that was in view at the establishment ol the park is violated,
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and sometliinsx ninst be done to remedy these defects if any proper resnlts are

expected.

Immediate steps should be tf^ken for the erection of a suitable bird and reptile

house, as well as a house for small mammals, these being the most imi)ortant needs

of the park at the present time.

Pome attempts have been made during the j-ear to collect rare and valuable

American animals by organizing special expeditions on a limited scale.

The great Kodiak bear of Alaska, of which mention has been made in former

reports, is especially desired, not only l)eeause of its great size, but also because it is

rajiidly disappearing. Persistent but fruitless efforts have been made to procure this

animal through the various fur-trading agencies that have posts in the country it

inhabits. It was finally determined to send out Mr. Elwood Hofer, a well-known

guide and hunter of the Yellowstone Park, who has served the Smithsonian well on

many occasions. Mr. Hofer went to the Alaskan c;oast and Kodiak Island in April,

but he did not succeed in capturing any bears nor even in taking cubs. Mr. Hofer

was also commissioned to procure other Alaskan animals. The extent of country

over which he was obliged to travel and the exingencies of transportation did not

permit him to do nuich in this way. His total collections amounted to a grizzly bear

cub, three black bear cubs, a young porcupine, and some ground squirrels. None of

these, with the possible exception of the grizzly bear cub, whose specific characters

have not yet been determined, are characteristic of Alaska, and could have been

readily procured much nearer to the park. The expedition must be considered as a

failure, owing to the difficulty of carrying on extended operations in that country

and the scarcity of the animals.

Another animal that has been especially desired is the mountain sheep. Several

attempts have previously been made to obtain specimens of this animal by offering

definite prices to himters. These have been unsuccessful, probably because the men
have not been able to procure the necessary outfit and supplies for a long and arduous

expedition. Finally a contract was made with Mr. C. S. Jones to make a special

expedition for the purpose. Through the intervention of Senator Wolcott the gov-

ernor of Colorado kindly accorded permission to collect in that State for the United

States Government. It was hoped to procure three pairs of animals, but only two
young lambs, both males, were captured, and these have since died.

An attempt was made to collect the California condor, the largest flying bird in

North America, now rapidly becoming extinct. The park has procured one young
specimen of this fine bird by purchase.

The aquarium has been an object of considerable interest to visitors during the

year. Acknowledgment should be made of the conrtesv shown Ijy Mr. J. E. Jones,

the director of the public aquarium at Battery Park, New York City, who has greatly

added to the interest of the collection here by exchange of valual)le specimens, among
which were several of the beautifully colored tropical fishes from tlie Bermudas.

Considerable attention has been paid during the year to the preparation of plans and
estimates for a new aquarium building suitable for the permanent installation of an
attractive exhibit, but Congress has made no appropriation for the purpose.

Besides the service rendered by the Park to the schools, which was commented on
in a previous report, the value of its collections has received recognition from another

source. Well-known illustrators, including Messrs. Charles R. Knight, J. M. Gleeson,

and L. A. Fuertes, have worked here during the year for considerable periods, and
some of Mr. Ernest Seton-Thompson's charming pictures are based on studies made
in the park.

Of the more important photographic work may be mentioned that of Mr. A. Rad-
clyffe Dugmore, the author of " Bird Homes," whose picture of a beaver is shown here-

with, and that of Mr. E. F. Keller, of New York City, whose photographs of mule
deer, bear, moose, and antelope are also reproduced.
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Under the unfavorable conditions that prevail in the park as to winter quarters, a

low death rate can not be expected. The deaths during the year have reached 150,

of which 87 were birds and reptiles. Among the more important losses are those of

the Virginia deer already mentioned, a buffalo cow that died from some defect of

nutrition, three antelopes, a mule deer, three blac^ bears, and a cinnamon bear.

A number of raccoons escaped from their inclosure.

From time to time surplus animals have been exchanged with other gardens or

with dealers.

There are appended hereto a complete list of the animals in the park at the close

of the liscal year and a list of accessions from various sources.

Animals in the National Zoological Park, June 30, 1900.

Nmili American species.

American bison [Bison americanus)

Prong-horn antelope [Antilocapra ameri-

cana)

Virginia deer ( Oducoileus virginianus)

Mule deer (
Odocoilciis macrolis)

American elk ( Cervus canadensis)

Woodland caribou {Rangifer caribou)

Moose {Alces american us)

Collared peccary [Dicotylcs taja<;u)

Ocelot (Felis pardalis)

Puma {FcUs concolor)

Spotted lynx {Lynx rufus muculatus)

Gray wolf
( Canis lupiis griseo-aJbus)

Black wolf [Canis lupus griseo-albus)

Coyote ( Canis latrans)

Red fox ( Vulpes pennsylvanicus)

Arctic fox ( Vulpes lagopus)

Swift fox ( Vulpes velox)

Gray fox ( Urocyon cinereo-argenteus)

North American otter [Lutra hudsonica) .

.

American badger ( Taxidea americana) . .

.

Kinkajou ( Cercoleptes caudivolvulus)

Common skunk
{ Mephitis mephitica)

American civet cat [Batsariscus astuta) ..

Gray coatimundi [Nasua narica)

Raccoon [Procyon lotor)

Black bear ( Ursus americanus)

Cinnamon bear ( Ursus americanus)

Grizzly bear { Ursus horribilis)

Polar bear ( Thalarctos maritimus)

California sea lion [Zalophus california-

nus

Harbor seal
( Phoca vUidina)

Common pocket gopher [Geomys bursa-

rius)

California pocket gopher [Tliomomys

bottse)

American beaver
( Castor fiber)

Hutia-conga
( Capromys pilorides)

Woodchuck [Arctomys monax)

Prairie dog ( Cynomys ludovicianus)

Num-
ber.

MAMMALS—continued.

Nortli American species—Continued.

Fox squirrel ( Sciurus niger)

Gray squirrel (Sciurus carolinensis)

Mountain chipmunk [Eatamiasspeciosus)

.

Thirteen-lined spermophile [Spcrmophi-

lus tridccimlincatus)

Beechey's ground squirrel [Spermophilus

bcecheyi)

Yellow-headed ground squirrel [Spermo-

pliilus brei>icaudus)

Antelope chipmunk (Spermopliilus leu-

curus)

Canada porcupine [Erdhizon dorsatus) ...

Mexican agouti [Dasyprocta mcxicana) ...

Northern varying hare [Lcpus america-

nus)

Rocky Mountain varying hare [Lepus

americanus bairdi)

Peba armadillo ( Taiusia novemcincta)

Opossum [Didelphys virginiana)

Num-
ber.

Domesticated and foreign species.

Macaque monkey [Macacus cynomolgus) .

.

Bonnet monkey [Macacus sinicus)

Moor macaque
(
Macacus maurus)

Green monkey
(
Cercopilhecus callitrichus)

.

Black ape ( Cynopithecus niger)

Red-faced spider monkey [Ateles paniscus)

Black spider monkey (Ateles ater)

Gray spider monkey [Ateles grisescens)

Apella monkey ( Cebus apella)

Capuchin [C'ebtis capucimis)

Azara's douroucouli (Nyctipithecus azarx)

.

Lion ( Felis leo)

Tiger
( Felis tigris)

Leopard (Felis pardus)

Spotted hyena [Hysena crocuta)

Wolf hound

St. Bernard dog

Pointer

Chesapeake Bay dog

Bedlington terrier
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Animals in the National Zoological Fork, June SO, 1900—Continued.

Name.

MAMMALS—continued.

Domesticated and foreign species—Cont'd.

Smooth-coated fox terrier

Wire-haired fox terrier

Brown French poodle

Eskimo dog

Mongoose {Herpestes mungo)

Tayra
(
Galictis barbara)

Red coati-mnndi (Nasua rufa)

Crab-eating raccoon {Procyon cancrivora)

.

Sun bear ( Ursus malayanus) ,

Sloth bear (Melursus labiatus)

Indian fruit bat {Pteropus medius)

Wild boar ( Sus scrofa) ,

Solid-hoofed pig {Sus scrofa var. ) ,

White-lipped peccary {Dicotylcs labiatus).

Zebu (Bos indicus)

Yak ( Poephagus grunniens)

Barbary sheep ( Ovis tragelaphus)

Common goat ( C'apra hircus)

Cashmere goat
(
Capra hircus)

Angora goat
(
Capra hircus)

Nylghai {Bosclaphus tragocamelus)

Indian antelope {Aniilope cervicapra)

Sambur deer
( Cervus aristotclis)

Philippine deer ( Cermispkilippinus)

Fallow deer {Dama vulgaris)

Common camel {Camelus dromedarius) ..

Llama {Auchcnia glama)

South American tapir
( Tapirus ameri-

canus)

Num-
ber.

Baird's tapir {Elasmognathus bairdi)

Indian elephant (Elephas indicus)

Crested agouti {Dasyprocta cristata)

Hairy-rumped agouti {Dasyprocta prym

nolopha)

Azara's agouti {Dasyprocta azarx)

Acouchy {Dasyprocta acouchy)

Golden agouti {Dasyprocta aguti)

Albino rat
( Mas rattus)

Crested porcupine {Hystrix cristata)

Guinea pig
( Cavia porcellus)

English rabbit
( Lcpus cuniculus)

Six-banded armadillo
( Dasyjrussexcinctus)

Gray kangaroo
( Macropus sp.)

Bennett's red-necked wallaby {Macrojuts

riificollis brnnetti)

Red kangaroo {Macropus nifus)

Brush-tailed roc-k kangaroo {Petrogalc

penicillata

)

Clarke's nutcracker {Nucifraga Colum-

biana)

Road runner
( Geococcyx califomianus) . .

.

Name.

BIRDS—continued.

Sulphur-crested cockatoo {Cacalua galc-

rita)

Leadbeater's cockatoo {Cacatua leadbeat-

eri)

Roseate cockatoo (
Cacatua roseicnpilla) . .

.

Yellow and blue macaw {Ara araraunea)

.

Red and yellow and blue macaw {Ara

macao)

Green paroquet ( Conurus sp.)

Carolina paroquet
(
Conurus carolinensis) .

Yellow-naped amazon {Amazona auro-

paUiata)

White-fronted amazon {Amazona lenco-

cephala)

Festive amazon {Amazonafestiva)

Levaillant's amazon {Amazona levaillanti)

Mealy amazon {Amazonafarinosa)

Gray parrot
(
Psittacus erithacus)

Great horned owl {Bubo virginianus

Barred owl {Syrnium nebulosum

)

Bald eagle {Haliseetus leucocephalus) ,

Harpy eagle ( Thrasaetus harpyia) ,

Golden eagle {Aquila chrysaetos)

Red-tailed hawk {Buteo borecdis)

Broad-winged hawk {Buteo pcnnsylvani-

cus)

Sparrow hawk {Falco sparverius)

California condor {Pseudogryphus califor-

nianus)

Turkey vulture ( Cathartes aura)

Ring dove {Columba palumbus)

Chachalaca ( Ortalis vetula maccallii)

Guan {Penelope sp.)

Crested curassow {Crax alcctor)

Lesser razor-billed curassow ( Mitun tomcn-

tosa)

Wild turkey {Meleagris gallopavo)

Pea fowl ( Pavo cristatus)

Valley partridge {Callipcpla califarnica

vallicola)

Mountain partridge
(
Oreortyx pictus)

Sandhill crane ( Grus mexicana)

Whooping crane {Grus americana)

Green heron {Ardca virescens)

Little blue heron {Ardea cxrulea)

Great blue heron {Ardea herodias)

Black-crowned night heron (yycticur<i.r

nycticorax nxvius)

Scarlet ibis ( Guara rubra)

Boatbill
(
Cancroma cochlearia)

Whistling swan {Olor columbia7ius)

Mute swan ( Cygnus gibbus)

Brant {Branta bernicla)

Canada goose {Branta canadensis)

Num-
ber.
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Animals /n the National Zoological Park, Jane 30, IVOO—Continued.

Name.

BIRDS—continued.

Hutchins's goose {Brantacanadensis hutch-

insii)

Chinese goose {Anser cygnoides)

Mandarin dueli {Dendronessagalericulata )

.

Pintail (Dafila acuta)

Pekin duci; {Anas s}).)

Mallard duck {Anas lioschas)

Common duck {Anas boschas)

American tree duck {Dendrocygna discolor)

American white pelican {Pelecanus ery-

throrhynclios)

Brown pelican {Pelecanusfascus)

Florida coTUiOTiint{PhalarrocoraxdUophus

floridan us)

Snake bird ( Anhinga anhinga)

Gannet {Sola bassaiia)

A.merican herring gull {Larus argentafus

smithsonianus)

Common rhea {Rhea americana)

Cassowary ( Casuarius gcdeatus)

REPTILES.

Alligator {Alligator niississippiensis)

Painted turtle
( Chrysemys picta)

Musk turtle {AromocJielys odorata)

Mud turtle {Cinosternum x>ennsylvanicuin)

.

Terrapin {Pseudemys sp.)

Gopher turtle {Xerobatcs polypliemus)

Tortoise ( Cisiudo Carolina)

Duncan Island tortoise (TertMdoep/itppiww)

Albemarle Island tortoise
( Testudo vicina) .

Num-
ber.

Name.

REPTILES—continued.

Banded basilisk {BasUiscus vittatus)

Iguana ( Iguana sp.)

Mexican comb-lizard {Clenosaura teres)..

Bailey's lizard
( Crotaphytus baileyi)

Alligator lizard ( Sceloporus sp.)

Skink-tailed lizard {Gerrhonotus scinci-

cauda)

Gila monster {Heloderma suspectum)

Diamond rattlesnake {Crotalus adaman-

teus)

Banded rattlesnake
( Crotalus horridus)

.

.

Copperhead {Ancistrodon contortrix)

Water moccasin {Ancistrodon piscivorus)

Indian python {Python molurus)

West African python {Python sebse.)

Common boa {Boa constrictor)

Yellow tree-boa {Epicrates inornatus)

Anaconda
( Ewnectes murinus)

Scarlet snake ( Cemophora coccinea)

Bull snake
(
Pituophis sayi)

Pine snake {Pituophis vielanoleucus)

Black snake {Bascanium constrictor)

Coach-whip snake {Bascanium Jlagelli-

forme)

King snake
( Ophibolus getulus)

Mountain black snake ( Coluber obsoletus)

Garter snake ( Eutsenia sirtalis)

Water snake {Natrix sipedon)

Gopher snake {Spilotcs corals coupcrii) . .

.

Num-
ber.

List of accessions for the fiscal year ending June SO, 1900.

ANIMALS PRESENTED.

Name.
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L'ld of access io7is for the fiscal year ending Jane 30, 1900—Continued.

ANIMALS PRESENTED—Continued.

Name.

Crab-eating raccoon

Black bear

Baird's tapir

Virginia deer

Philippine deer

White-lipped peccary

Gray squirrel

Do

Do
Do

Do

Do
Woodehuck

Jutia-conga

Do

Golden agouti

Crested agouti

Guinea pig

English rabbit ,

Do

Do ,

Do

Do

Do

Opossum

Road runner ,

Roseate cockatoo ,

Red and yellow and blue

macaw.

Red-fronted amazon ,

Do ,

Great horned owl

Screech owl

Red-tailed hawk
Do ,

Do
Do

Turkey vulture

Wild turkey

Sandhill crane

Boatbill

Scarlet ibis

American flamingo

American black- b a c k e d

goose.

American tree duck

Mandarin duck

Do
Alligator

Do
Do

,

Do

Do

Donor.

Lieut. Commander W. H. H. Southerland, U. S. N.

A. B. Suit, Suitland, Md
Lieut. Roger Welles, jr., U. S. N
Gridiron Club, Washington, D. C

Capt. George F. Cha.se, U. S. A
.\lfred Benitz, Calchaqui, Argentine Republic

G. S. Rdsson, Washington, D. C

Mrs. A. J. Marble, Berkeley Springs, W. Va
— . — . Fred, Washington, D. C

Miss Robb, Washington, D. C

Mrs. F. C. Beig, Washington, D. C

Donor unknown
George Hellen, Washington, D. C

Gen. Clemente Dantin y Fcliz, Bolondron, Cuba. .

.

Miss Helen Hatfield, Puerto Principe, Cuba

Dr. J. Paes de Carvalho, Para, Brazil

Crew of U. S. S. Dolphin

Wilber L. Wright, jr., Wa.shington, D. C

J. W. Somerville, Washington, D. C

R. L. McGuire, Washington, D. C

Miss India King, Washington, D. C

Miss Ada B. Gayer, Washington, D. C

N. E. Besson, Washington, D. C

Stanley Coville, Washington, D. C

Dr. C. W. Montgomery, Washington, D. C

Henry Bishop, Baltimore, Md
Mrs. B. W. King, Takoma Park, D. C

Dr. J. Paes de Carvalho, Para, Brazil

Miss de Carvalho, Washington, D. C

Mrs. G. N. Lieber, Washington, D. C

Julius Schneaholz, Wa.shington, D. C

W. H. Gill, Washington, D. C

Dr. W. H. Seaman, Washington, D. C

R. B. Leathers, Washington, D. C

J. E. Babcock, Washington, D. C

Thomas A. Cox, jr., Cullowhee, N. C

Gridiron Club, Washington, D. C

Louis Krafft, Alexandria, Va
Miss Helen Hatfield, Puerto Principe, Cuba .

Dr. J. Paes de Carvalho, Para, Brazil

do.

Brig. Gen. Jas. H. Wilson, U. S. V .

Dr. J. Paes de Carvalho, Para, Brazil

.

Mrs. Gardiner G. Hubbard, Washington, D. C .

Donor unknown
Eugene Letcher, Washington, D. C

Elmer Bateman, Washington, D. C

Miss Mary Brewster, Washington, D. C

Mrs. A. L. Barber, Washington, D. C

H. Smith, Washington, D. C
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List of accessions for the fiscal year ending June 30, 1900—Continuetl.

ANIMALS PRESENTED—Continued.

Name.
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Aniinah purchased and collected.

Macaque monkej'' (Macacus sp.) 4

Civet cat
(
Bassariscus astuta) 2

California sea lion' {Zalophus californkmna) . 1

Woodland caribou {Ramjifer caribou) 1

Moose {Alces americanus) 2

Fox squirrel {Sdurus niger) 14

Thirteen-lined spermophile {S2>ennuphila.'< (ridechnlinea(H.s) 13

Prairie dog
(
Cynomys ludovicianus) 19

Canada porcupine {Erethizon dorsatux) 2

Northern var\'ing hare {Lepus awericauns) 7

Red-tailed hawk
(
Buteo horealis) 1

Turkey vulture ( Cathartes aura) 2

California condor
(
Fseudoyryphus adifornianux

)

1

Great horned owl {Bubo virginianus) 2

Little blue heron {Ardea cxndea) 1

Whistling swan ( Olor columbianus) 4

Brown pelican {Peleccmus fuscus) 5

Snake bird {Anhinga anhinga) 2

Mexican comb lizard
(
Ctcnosaura teres) 12

Banded rattlesnake
(
Ch'otalus horridus) 4

Scarlet snake {Cemophora coccinea) 1

Pine snake
(
Pituophis melanolcucus) 2

Black snake {Bascanium constrictor) 1

Ani)nals born in the Xalional Zoological Park.

Gray wolf
(
(Amis lupus griseo-albus) 5

Coyote
(
Canis latrans) 4

Buffalo {Bison anieivcaiius) 1

Zebu {Bos indicus) 3

Common goat (
Capra hircus) 2

Angora goat
(
Capra hircus) 1

Cashmere goat
(
Capra hircus) 1

American elk
(
Cerims canadensis) 2

Virginia deer
(
Odocoileus virginianus) 2

Llama {Auclwnia glama) J 2

Gray sc^uirrel {Sciurns carolinensis) 2

Prairie dog
(
Cynomys ludovicianus) 19

Canada porcupine
(
Erethizon dorsatus) 1

Gray kangaroo {Macropus sp.) 1

Peafowl {Pavo cristatus) 15

Pekin duck {Anas sp.) 1

Common boa {Boa constrictor) 62

Animals receivedfrom tlie Yellowstone Park.

American elk
(
Cernis canadensis) 9

Virginia deer
(
Odocoileus virginianus) 3

Mule deer ( Odocoileus maa'otis) 5

SM 1900 7
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SUMMARY.

Animals on hand July 1, 1899 675

Accessions during the year 444

Total - 1, 119

Deduct losses (l)y exchansjce, death, and retnrninii' of animals) 280

On hand June 30, 1900 839

Respectfully submitteil.

Frank Bakkk, Supfriidrmh')!!.

Mr. 8. P. Langley,

Secretary Sniithsoiiidu Inst itut ion.

BeavLT in National Zoological Park.



Appendix V.

REPORT OF THE WORK OF THE ASTROPHYSICAL OBSERVATORY FOR
THE YEAR ENDING JUNE 30, 1900.

Sir: The kinds and amounts of the Observatory property are approximately as

follows:

Buildings i»^6, 300. 00

Apparatus 30,000.00

Library and records 5, 400. 00

Total 41, 700. 00

During the past year the acquisitions of property of the kinds just enumerated

have been as follows:

(a) Aj)paratus.—Astronomical and physical apparatus has been purchased at an

expenditure of $2, 100. ' The main separate items are an equatorial mounting for 8-inch

telescope, with clock and with coelostat attachment; a 10-inch concave mirror of 75

centimeters focus, and a special tremor reducing support and magnetic shielding

device designed for use with a new galvanometer of extraordinary sensitiveness. A
12-horse power motor with connection to the city electric service, for use in running

the cooling plant, has been installed at a cost of |200.

(b) Library and recorch.—The usual jieriodicals ha\-e been continued, and additional

photographic star and moon mai)S have been purchased, the total expenditure for

these purposes being |200.

Total accessions of property, $2,500.

No alterations of consequence have been made in the Observatory buildings and

grounds. The cost of repairs to buildings has aggregated $200.

Losses of property have been inconsiderable, from a monetary poijit of view, but I

regret that a box of holographs containing the originals of some of the illustrations of

the forthcoming Volume I of the Annals was injured ])y water during my absence on

the eclipse expedition, and the holographs (about 20 in number) were much damaged.

It is fortunate, however, that negatives of them are preserved.

The Work op the Observatory.

Two objects have principally occupied the Observatory staff during the past year

—

first, the publication of Annals of the Astrophysical Observatory, Volume I, and,

second, the observation of the total solar eclipse of May 28, 1900. Considerable time

was, however, devoted to the design and construction of the sensitive galvanometer,

with magnetic shielding and steady suj^port above alluded to.

It will be most convenient to describe the work of the year under three headings,

as follows:

1. Publication.

2. Progress of the usual work of the Observatory.

3. Observation of the solar eclipse.

(1) Publication.—Volume I of Annals of the Astrophysical Observatory, now being

issued, containing an account of the research on the infra-red solar spectrum and the

^I here include only such apparatus as is of permanent value to the Observatory,

and not such as served a merely temporary purpose in connection with the recent

total solar eclipse.

99



100 REPORT OF THE SECRETARY.

mapping of the absorption lines in this region, and of subsidiary investigations con-

nected with these, comprises nearly 300 pages, uniform in size with Smithsonian

Contributions. It is illustrated by about thirty-five full-page or folded plates and

numerous text figures. The text contains full descriptions of the apparatus and

methods employed in mapping the infra-red solar spectrum by the aid of the bolom-

eter, and gives as a result of research the positions in deviation and in wave length,

as well as the relative intensities of over 700 absorption lines or bands between the

visible limit of the red at A (0.76//) and what is practically the limit of the solar

spectrum for terrestrial purposes at 6//.

A chajjter is devoted to a discussion of the seasonal and other variations in terres-

trial absorption, which have been noted at many points in the infra-red spectrum.

These variations, and especially those of a seasonal character, to whicli attention has

been drawn in several of my earlier reports, form an extremely interesting and per-

haps imjiortant feature of these studies.

It is greatly to be regretted that the very best photo-mechanical processes are

inadequate to justly reproduce the holographs, upon whose evidence the spectrum

lines are determined, and this I fear will prove a still more serious hindrance to the

publication of the photographic results of the eclipse expedition shortly to be

descril:)ed. This miavoidable inadequacy of I'epresentation is a very considerable

obstacle to the satisfactory publication of astronomical and, to a lesser extent, other

scientific results, in these days when tlie advance of science is increasingly connected

with the interpretation of delicate photographic detail.

(2) Progress of the usual work of the Observatory.—The ordinary operations of the

Observatory have been much restricted by the two special lines of work already

alluded to, for it must be recalled that the present observing force consists of but two

persons, so that the long preparations for the eclipse and the reading and rereading

of the proof sheets of the Annals left little time for other work.

As mentioned in my last report, designs were then entertained for constructing a

new galvanometer of the highest sensitiveness, with a support calculated tt) reduce to

the lowest limits the earth tremors which are so prejudicial in the use of such sensi-

tive instruments, and with a tliorough system of magnetic shielding to enable the

galvanometer to escajie the fluctuations of the magnetic field. This apparatus has

been finished, excepting the needle system of the galvanometer, and M^as tried in

January of this year with a temporary needle system of only 1.9 milligrams weight.

The result appears to be promising. As thus tried, with the galvanometer case par-

tially exhausted and a time of swing of about three seconds, no fluctuations of the

spot of light reflected from the galvanometer mirror exceeding 0.1°"° could be

observed on the scale 2 meters distant. The system of support and tlie magnetic

shielding appear, therefore, to be very perfect, and a few words describing them may
be appropriate here.

System of supjwrt.—A massive i)ier rises through the basement room of the new
laboratory to the level of the ground floor. Upon this is a four-legged table 8 feet

high, whose top is a flat iron ring of about 500 pounds weight. Four iron cylinders

are fastened upon the top of the ring, and in these float on mercury smaller iron

cylinders supporting a second iron ring. From the floating ring descend three steel

wires, each 15 feet long, passing through holes in the capstone of the pier and sup-

porting a heavy cage of iron, in which is the galvanometer. The points of support

are at the plane of the center of gravity of the iron cage, and also in the i)lane of

the support of the galvanometer-needle system. Four dampers in glycerin baths

prevent torsional vibration of the cage. Thus the whole is a combination of four

methods of reducing the effects of earth tremors. First, a deep solid pier; second,

a "rickety table," supporting a weight of 1,600 pounds; third, a mercury flotation

of 1,000 pounds, whose center of gravity is below the mercury itself; fourth, a long

"Julius three-wire suspension," supporting 700 pounds.
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System of magnetic shielding.—Three magnetic shields are employed. The outer is

a square iron box without top or bottom and of aljout 2 tons weight. Within this,

and supported on the swinging iron cage, are two concentric iron cylinders, of which

the inner is only 3 inches in diameter and immediately incloses the galvanometer.

No side openings are made in the shields, the galvanometer being read by means of

a spot of light reflected vertically through a glass in the capstone of the pier.

It will be noticed from this description that all observations will be conducted in

the upper room, while the galvanometer itself is below the level of the ground in a

room of very constant temperature. It is lioped shortly to continue work on this

apparatus, and to provide the galvanometer with a needle system of great sensitive-

ness, which it is thought from the exjieriments already made may be used without

prejudicial tremors in a vacuum and at ten seconds (single) vibration. If these

expectations should be realized the useful or working sensitiveness of the new
galvanometer will be several hundred times that customarily employed in mapping

the infra-red solar spectrum, and a large new field of work will be practicable.

(3) Ohservation of the solar eclipse.—Considering the near approach of the path of

totality of the total eclipse of May 28, 1900, you deemed it desirable for this Observa-

tory to take part in the observation of this important astrophysical phenomenon, and

this view having recommended itself to Congress, an appropriation of $4,000 was

made immediately available for the purpose in February. The use of the special

ajiparatus already belonging to the Ol)servatory, tlie very generous offer by Prof.

E. C. Pickering, the director of the Harvard College Observatory, of the loan of the

new 12-inch lens of 135 feet focus belonging to the Harvard College Observatory, and

of several other valuable pieces of optical ai)i)aratus, together with loans of a 5-inch

lens of 38 feet focus by Princeton University, and of a 5-inch equatorial by the Naval

Observatory, enabled the expedition to take larger proportions than this modest

appropriation might otherwise have justified.

This api^aratus with many other adjuncts was temporarily installed in Washington

in the Smithsonian grounds, and placed in the position each piece would occupy in

the actual eclipse. This was with the view of familiarizing the observers with them,

by successive rehearsals, which went oil with assiduous practice during two months

before all was taken down for shipment to the proposed site.

Oioice of site.—Three successive years of special observations had enabled the

Weather Bureau to determine the relative chances of cloudiness at A^arious points

along the eclipse track, and from these results it appeared that the interior of the

country was more favorably situated in this respect than those parts of the j^ath lying

near the coasts. Certain towns appeared more favorable than others, owing to local

conditions, although such special results were less trustworthy than the broad indica-

tions already cited. However, as the Eastern stations were to have both a higher

solar altitude and a longer duration of totality, and as personal inspection of the

ground by me, together with a careful consideration of the Weather Bureau results,

seemed to justify the selection, the town of Wadesboro, N. C, was approved by you

in preference to stations more remote from Washington. The actual grounds

occupied formed a nearly level plat of several acres extent, sheltered from the wind

by knolls, Iniildings, and trees, but being almost the highest land thereabouts, and

indeed about 600 feet above sea level. These grounds were freely offered by John

Leak, esq. , of Wadesboro. A shed and the necessary piers for instruments were

erected in the latter part of April.

Plate No. VIII gives a ground plan of the Smithsonian camp, showing the canvas

covers of the two 135-foot tubes, the sheds containing the bolometric apparatus and

its accessories, and the photographic cameras for the 40-inch and 11-foot lenses, with

numerous other pieces; and also on the left a portion of that of the Yerkes Observa-

tory.

Plate No. IX gives a general view of the camp as finally occupied. The equipment of

the Smithsonian expedition is shown at the right of the wagon track, while on the
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left is a portion of that of the Yerkes Observatory. The 135-foot horizontal telescope

is under the canvas seen on the right. Its companion tube is hidden by it. On its

left extremity is seen, though on a very diminished scale, the coelostat mirror which

"fed" it (this is shown on an enlarged scale in the next illustration), and also the

box of the O-inch aperture camera equatorially mounted. Immediately in front of the

tube and cutting off a portion of the view are the sheds containing the apparatus for

the bolometric study of the corona and that for the large cameras for the 11-foot and

other lenses. The great Grubl) siderostat and other i:)ieces of apparatus are liidden

from view l)y the sheds. On the right of the sheds and immediately in the fore-

ground is the 5-inch ac-hromatic loaned by the United States Naval ObservatorJ^

At the right hand extremity of the long tube is seen the photographic house, which

serves equally for the 135-foot lens and for that of the 38-foot focus lens, which latter

is in the tube inclined upward.

Nature of the uhservation.s.—The chief aim of the ol^servations was the investigation

of the corona, and of this especially the inner portions. This investigation was three-

fold—photographic, bol(jmetric, and visual. In addition to these main objects there

was included the ])liotography of the sky near the sun for the discovery of jiossible

unknown bodies, an attempt to i)hotograph the "flasli spectrum" with an automatic

camera, and the observation of times of contact both by the ordinary visual methods

and by photography.

Pieces of apparatus employed.— (a) Apparatus for photographic purposes: For the

direct jjhotography of the inner corona the 12-inch lens of 1,35 feet focus was used as

a horizontal telescope in connection with a cirfostat carrying an 18-inch plane mirror.

(Plate X.) Here^ire shown on a large scale the lens in (piestion, the extremity of

its c-anvas tuT)e, and the ccelostat and equat(jrially mounte<l camera descri])ed in the

preceding plate. It was also arranged to use with this lens just before second con-

tact an ol)jcctive prism forming a spectrum upon a plate moved each second by clock-

work, and tlaus suited to catch the "flash spectrum," so called. This necessitated a

second tube 135 feet long, inclined at about 8° to that used for the direct jihotographs

of the corona. Both tul)es were made of black canton flannel and were 42 inches

square with diaphragms of progressively increasing size 10 feet ajjart. Tlie two tubes

were fastened to trestlework and were covered by long canvas A tents. Nearly 1,000

yards of canvas and flannel were thus made up. The direct tube ended in a small

photographi(; house which had been prepared in sections and was transported from

Washington. Plates 30 inches S(iuare were here exposed.

The direction of the long tubes was necessarily a matter of care, as they had to be

placed ])eforehanil wliere calculation showed the sun would Ije, and were incapable

of adjustment.

Besides this gri-at liorizontal telescope, the 5-inch 3S-foot lens was als<j used for

obtaining inner coronal iihotographs. This lens was mounted u[)on a j^ole in such a

way as to be in line with the sun from the east window of the pliotographic house at

the moment of totality. A conical tul)e of white canvas, well blackened witliin, and

36 inches scjuare at its lower end, ran from the house to the lens, but was not attached

to tlu^ lens or its mounting. There being thus no provision for following tlu^ ai>par-

ent motion of the sun with the lens, a suitable^ motion was given to the j)hotograi)hic

plates by means of a water clock. With this instrument 11 by 14 inch plates were

emjdoyed.

Upon the same instrument which carried the 1 8-inch mirror of the horizontal tele-

scope (shown in Plate X) was mounted equatorially a 0-inch i)hotographic lens of

1\ feet focus, provided with a conical tube, so that a considerable field was covered.^

' The focal curve of this lens was determined and it was intended to use a nest of

small plates so arranged as to be in focus over a large field. On the night ]:)efore the

eclipse;, however, it was so warm that the wax used to fasten the plates softened

repeatedly, and after several trials it was found necessary to use a flat plate, on which
the focus was good for perhaps 6° from tlic center.
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The Bolometric Apparatus.
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A shade glass opaque to violet light was placed over this lens. The purpose of

the shade glass was to enable a comparison to be made between the form of the outer

corona as photographed with yellow and green light and as photographed with the

complete coronal radiations by other lenses shortly to be described.

Within the eastern part of the shed there was mounted upon an improvised polar

axis a collection of four cameras, quite ponderous in appearance, as indicated in

Plate XI, but really not very heavy, and well provided as to moving gear by being

connected with the very accurate spectrobolometer clock. These cameras were two

similar pairs, one with short-focus, the other with long-focus lenses. The former

were tw(j landscape lenses of 4h inches aj^erture and 40 inches focus, each provided

with a 30-inch square plate. In front of one lens was placed a shade glass opaque to

violet light. The two long-focus lenses were of 3 inches aperture and 11 feet focus,

and were thus like those recommended in the Harvard College Observatory Circular

No. 48 as most suitable for a photographic search for a possible intramercurial planet.

The axes of these two cameras were inclined so that together they covered a space

east and west of the sun about 12° by 28° in extent. Their fields were found to be

so nearly flat as to make it undesirable to use a nest of plates arranged upon a curved

surface, as recommended in the Harvard circular above alluded to, and each camera

had a single plate 24 by 30 inches.

All the photographs with the seven lenses above described were taken upon Cramer

double coated isochromatic plates of great rapidity.

An automatic camera, giving exposures from a break-circuit chronometer beating

seconds, was provided for the purjiose of securing the times of contacts. This camera

had a 22-inch lens with pin-hole aperture, and the exposures were made upon very

slow nonhalation celluloid plates 15 inches in diameter, rotated slightly after each

exposure by an electrical escapement. One plate was provided for first contact, one

for both second and third, and one for fourth contact. As no clockwork was applied

to move this camera, the successive exposures made a spiral series of images of the

sun, from the appearance of which the gradual encroaching of the moon could be

observed.

(b) Apparatus for bolometric purposes: This consisted of a complete holographic

outfit, including not only the great Grubb siderostat with supplementary mirror,

but also a double-Avalled chamber of nearly uniform temperature. The view of it is

shown in Plate XII, and its purpose was to enable the total radiation of the inner corona

to be observed, and in addition, if practicable, to determine the distribution of these

radiations in the spectrum. The latter observation it was hoped would throw light

on the composition of the corona, for it is well known that different substances and

different temperatures have each its characteristic energy spectrum. A beam of

light from the 17-inch mirror of the great siderostat, reflected due south into the shed,

passed through a cat's-eye diaphragm whose aperture was controlled by the observer

at the galvanometer, thence to a condensing mirror, which reflected the rays directly

back to the focus at 1 meter distance, where was a slit 1 centimeter high and 1 milli-

meter wide. From the slit the rays were reflected out of the optic axis of the con-

densing mirror by two parallel plane mirrors, and fell upon a coUimating mirror

of 75 centimeters focus. Thence they were reflected upon a prism 8 inches in dia-

meter, one of whose surfaces was silvered, so that the prism might be used either

to refract or reflect the rays, according as the glass or silvered face was turned

toward the (,-ollimator. From the prism the rays passed to an image-forming mir-

ror, in the focus of which, at 75 centimeters distance, was the bolometer strij^ 1 centi-

meter high and 1 millimeter wide. The bolometer and galvanometer with their

accessories were essentially as used for solar spectrum work in Washington, and

while the optical train, with its seven reflections and small slit, greatly reduced the

radiations, the sensitiveness of the bolometer was yet such that subsequent observa-

tions on the full moon gave a deflection of 85 divisions when the aperture of the dia-

phragm was but 17 centimeters square.
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Nevertheless it was found that no "drift" or "wiggle" was noticed when the glass

plate in front of the bolometer case was removed. Accordingly there was no plate

in front of the bolometer at the time of the eclipse, and of course none was interposed

during the ( )1jservation just recorded.

The expedition was strengthened by the presence of Professor Hale, of Yerkes

Observatory, who used a second beam from the 18-incli coelostat mirror, also driven

by the great siderostat, in connection with Ixjlometric apparatus for the purjiose of

observing if a difference in radiation could be detected between the t:oronal lifts and

streamers.

(c) Apparatus for visual observations. Four visual telescopes were employed for

observing the coronal structure and the times of contact. These were:

A 5-inch of about 6 feet focus (shown in Plate XIII), loaned by the United States

Naval Observatory, having an equatorial stand and clock.

A 6-inch of 7h feet focus with e(|uatorial stand, but no clock.

A Sj-inch of 3J feet focus witli rough alt-azimuth stand.

A Coast Survey meridian transit instrument of about 2J inches aperture and 2^ feet

focus used as an alt-azimuth telescope to observe contacts.

THE PERSONNEL OP THE EXPEDITION.

The Director, Mr. S. P. Langley, Secretary of the Smithsonian Institution, observed

with the 5-inch equatorial; and the other members of the expedition were assigned

as follows:

Mr. C. G. Abbot, aid acting in charge, witli Mr. C. E. Mendenliall to the bolo-

metric a])paratu8.

Mr. T. W. Smillie, photographer of the National Museum (iu general charge of

photography, including the development of all i)lates), specially to the direct 135-

foot focus camera.

Mr. F. E. Fowle, jr., junior assistant, to the 38-foot focus camera.

Mr. G. R. Putnam (detailed from the United States Coast and Geodetic Survey)

to the determination of latitude and longitude, the observation of times of contact,

and the direction of signals.

The Rev. Father Searle, C. S. P., together with Mr. Paul A. Draper and Mr. C. AV. B.

Smith, to the combination of four wide field cameras.

Mr. De Lancey Gill to the 6-inch photographic telescope and the objective prism.

Mr. R. C. Child to the 6-inch visual telescope, the electrical circuits of the chrono-

graph, the prismatic camera, and the contact camera.

The Rev. Father Woodman, C. S. P., to the 35-inch telescope.

Mr. A. Kramer, instrument maker, to the movements of the siderostat and 5-inch

equatorial. .

Besides these there volunteered for the day of the eclipse Mr. Little, of "Wadesboro,

and ]Mr. Hoxie, assigned, respectively, to strike signals and to record contacts for Mr.

Putnam.

Prof. George E. Hale was connected, as already said, with the Smithsonian party,

while at the same time in general charge of the Yerkes Observatory exi:)edition, whose
camp adjoined ours.

THE EXPEDITION.

After the preparation of the apparatus and the preliminarj^ rehearsal for the ecliiise

on the Smithsonian grounds, a freight car was completely filled with the apparatus,

and left Washington May 2.

The first four members of the expedition, Messrs. Abbot, Fowle, Kramer, and
Smith, left Washington May 3, and were followed in a few days l^y two more, Messrs.

Putnam and Draper, the former of whom, however, returned after determining the

latitude and longitude and helping to adjust several jwlar axes. Messrs. Smillie,

Mendenhall, Child, and Gill reached Wadesboro May 16, and the other members of

the party arrived about two days before the time of the eclipse. Pleasant accommo-
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(lations were found in the town, only al)out a quarter of a mile from camp, and the

greatest courtesy was shown to the eclipse expedition at all times by the townsjieople.

A pleasant feature was the presence of large parties from Yerkes Observatory, Prince-

ton Observatory, and from the British Astronomical Association. The days and

—

toward the last—a considerable portion of the nights were busily occupied in adjust-

ing and trying the apparatus. On ]\Iay 26 and 27 full rehearsals took place in prep-

aration fur the final event.

Tlie day of the eclipse was cloudless and clearer than is usual in the Eastern States,

though the sky was not exceptionally blue. All the progrannne was carried out suc-

cessfully, except only thatProfessor Hale's bolometer suffered an accident which pre-

vented him from obtaining bolometric evidence of rifts and streamers, but not from

securing other interesting data.

After the eclipse the members of the expedition returned home in nearly the same
order as they came, and the last members to leave reached ^Vashington June 1.

THE RESULTS.

1. With the 135-foot direct camera.—Mr. Smillie secured five negatives during the

eclipse, all good. Three others which he exposed after totality were of much less

value, as was to be expected. The enormous scale of these jihotographs (the moon's

disk measures 15f inches in diameter), together with the excellent detail in the promi-

nences and inner corona, make them most interesting.

Plates XIV and XV' show, respectively, the south polar streamers and a group of

prominences on the southwest limb. As remarked at an earlier page, it has proved

impossible to adequately reproduce the delicate detail of the originals. In the two

illustrations given the subjects are so marked that a still interesting result is shown
even after the loss of the finer structure. But the eciuatorial coronal streamers,

though in the original clearly shown to be finely subdivided, curiously curved and

even recurved, interlocked and arched, are so delicate that it was hopeless to attemjit

their reproduction. Even contact i)rints fail to show their structure unless made on

glass plates, and thus viewed by transmitted light.

Some, but I think not all the prominences, appear to be set each within its little

corcmal arch, and thus present the so-called "hooded" appearance which was

noted in photographs of the Indian eclipse of 1898. I am quite sure, however, that

this feature is much less marked than was then the case.

It would hardly seem possiljle that the directions of the curved equatorial streamers

can be assigned to such a simple system of foci as has been sometimes supposed,

for their arrangement appears to be complicated to the last degree. Nothing final

can yet be said on this point i)ending a thorough examination, and this it is hoped
will yield many interesting results.

2. WUJi lite 135-foot j^rismatic camera.—Nothing of value was secured Avitli this

instrument. The plate appears to have been exposed at successive intervals, but was

C(jmpletely fogged over, no spectrum appearing.

3. With the 38-foot camera.—M.r. Fowle obtained seven negatives during totality,

all good. Others taken after third contact were of little value. What has been

f-aid as regards the results Avith the 135-foot camera applies very well here, except

that not quite equal detail was secured, owing to the lesser power of the apparatus.

Siimewhat greater coronal extension was, however, obtained in the longer exposures,

because of the greater focal ratio of the lens, and Plate XVI is given to illustrate this

part of the corona.

4- WitJi, the 6-inch photographic telescope.—Mr. Gill obtained an excellent negative of

eighty-two seconds' exposure, showing the longest extension of the coronal streams

obtained with any of the instruments. It seems probable, however, that a some-

wiiat better result would have been reached with a less exposure or a less aperture.

' These are not enlarged, but are portions of the original focal images of over 15

inches diameter already referred to as obtained in the 135-foot focus camera.
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The greatest extension obtained exceeds tliree diameters from the moon's limb.

Here the streamers fade away into tlie background of sky, as if overpowered by

skylight rather than as here ending.

5. TJie combination of four wide-field cameras.—These cameras were all in a measure

successful, though not in equal measure, for one of the long-focus and one of the

short-focus negatives was better than its mate, the former being on a better plate

and in better focus, while the short-focus camera with screen showed unaccountable

effects of motion not found in any others.

Comparing the long-focus with the shoil-focus negatives, the former were far supe-

rior both as corona pictures and as showing faint stars. One of the 11-foot focus

negatives has probal)ly the best general view of the corona secured by the expedi-

tion. (See Elate XVII. ) On this plate the corona is seen as a whole. It hardly shows

the full extent of the corona, which, as seen by the naked eye, extended to nearly

three solar diameters, but it exhibits most clearly the curves on either side of the

solar streamers, although perhaps not showing quite as great extension as that

obtained with the 6-inch photograiihic telescope.

As regards faint stars and new objects, the better of the two 11-foot focus negatives

covering the region west of the sun shows 114 stars, the faintest being of the 8.4

magnitude as given in Argelander's Durchnnisterung, a result which, considering the

amount of diffused light during the eclipse and the milkiness of the sky, is almost

surprising. Six uncharted objects were found upon this plate, which ajjpeared star-

like and may conceivably Vje intra-mercurial planets, though nothing is to be under-

stood as here predicated of them until a later and careful examination of the plates.

This photograph was unsuited for purposes of direct reproduction for the reason

that the fainter stars required the best of conditions for seeing even on the original

and would inevitably have been lost. It was nevertheless thought interesting to give

an accurate map showing all the stars and suspects f(jund, and this is done in Plate

XVIII. The general reader will perhaps gain a better idea of the value of photog-

raphy as an aid to investigation when he sees in this map, oTjtained in eighty-two

seconds exposure, in a brighter than moonlit sky, not only the corona and the planet

Mercury just beyond its rays, but more stars near the Pleiades than he can see with

the unaided eye in the darkest night. Astronomers are invited to compare this map
with the Durchmusterung charts, to see both the strong and the weak points o^

the plate. It will be recognized that the outer portions of the map show fainter

stars than the middle part, and thus it is indicated that advantage in focus would

have come if the plate had been slightly concave.

The negative covering the region east of the sun was much less satisfactory, and
showed but 13 stars, the faintest being of the 6.3 magnitude. Two uncharted objects

were found, but of their starlike character there is less certainty than in the case of

four of the six discovered on the western plate.

The positions of these objects as interpolated on the Durchmusterung charts for

the epoch 1855 and their approximate position for 1900 are as follows:

EPOCH 1855.

Right ascen-
sion.

h. in. s.
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Corona with 5-inch Lens, six Seconds' Exposure.
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General View of the Corona.
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In the case of the moon, as you have shown, about three-fourths of the deflec-

tion is due to the radiations of the moon itself, whose surface is shghtly warmed by

the solar rays, the remaining one-fourth being due to direct reflection of solar rays;

but in the case of the daylight sky it Avas found here that the quality of the radia-

tions was almost the same as that of the rays direct from the sun, so that the heat-

ing of the bolometer in this case is almost solely l)y direct reflection and not from

primary radiations due to first warming of dust or other particles in the air.

The imjiortant result of a comparison of the ra<liations of the inner corona, the

full moon, and tlie daylight sky somewhat remote from the sun is that while the

three are roughly of c(iual visual brightness, the corona is effectively a cool and far

from intense soun-e, while the moon and the sky are effectively warm and many
fold richer in radiation. Hence it would a])pear jilausible to suppose that the corona

merely sends out visible rays and that its light is not associated with the great pre-

ponderance of longwave-length rays proper to the radiation from bodies at a high

temiierature. If this ])e so, the coronal radiation might be compared with that from

the positive elecitrical distiharge in vacuum tul)es, in whicli, as researches of K. Ang-

strom and R. W. "Wood have shown, there is neither an infra-red spectrum nor a

high temperature. I am not sure whether this analogy can safely be carried further

to exjilain the coronal constitution, but it may be recalled that the earth has in tiie

aurora an electrical phenomenon of this nature; that the coronal streamers appear

not unlike an electrical discharge; that the observed polarization of the coronal light

is perhaps not necessarily by reflection, for polarization may be otherwise caused, as

by the emission or absorption of bodies of peculiar internal structure, or even by
magnetic influences, as in the Zeeman effect; that the corona does not seem to grow
more red as it rece<les from the sun, as we should expect incandescent dust to do,

and finally the evi<lence of conmal spectroscopy seems not inconsi.'ttent with the

hypotliesis of a glow electrical discharge.

7. With vixual telescopes.—I understand that in yom- own view, with the 5-inch equa-

torial, the inner corona appeared to have a much less minutely divided structure than

that of 1878, and to be chiefly noticeable in its equatorial as opposed to its polar

extensions. Prominences were plainly seen, and especially one large one at the

southwest limb.

INIr. Child, with the (3-inch, being the artist of the party, made sketches from which

he later prejjared in pastel color a representation of the corona and prominences

strikingly in accord with the photographs which were sul)sequently developed.

Rev. Father Woodman, with the 3i-inch, received impressions similar to those of

the other visual observers.

S. Times of contact.—Mr. Putnam, a part of whose duty it was to direct the giving

of signals, observed first, second, and fourth contacts, but missed the third in conse-

quence of being hindered by directing the last signal.

His observations, reduced to seventy-fifth meridian mean time, are as follows:

h. m. s.

Firstcontact 19 36~ 19.7

Second contact 20 45 15.5

Fourth contact 22 05 37.3

Father Woodman's observations are as follows:
h. VI. s.

First contact 19 36 21

Second contact 20 45 16

Third contact 20 46 47

Fourth contact 22 05 26

The photographic contact camera furnished apjiarently excellent records of first,

third, and fourth contacts. These have not been finally reduced, but it is found
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more difficult to determine the times from them than was expected, and it seems
doubtful if this method is desirable to be employed in future.

9. Position of the camp.—From observations of stars made on five nights, taken in

connection with noon-time signals transmitted from the United States Naval Observa-

tory, Mr. Putnam determined the latitude and longitude of the camp to be:

Latitude 34° 57' o2" north.

Longitude \^
,

"' W west of Greenwich.)
I 5h. 20m. 17. 8s. i

^ ^

The operations of the Astrophysical Observatory during the past year have been
distinguished, first, by the publication of the first volume of its Annals, in which the

infra-red solar spectrum is the main topic; second, by progress in the preparation of

a highly sensitive, steady, and magnetically shielded galvanometer; third, by obser-

vations of the total solar eclipse, in which excellent large-scale photographs by the

corona were secured, the coronal extensions photographed to upward of three diam-

eters from the moon's limb, the absence of intra-mercurial planets above the fourth

magnitude made nearly certain and the presence of several such between the fifth

and seventh magnitude rendered as probable as single photographs can do, and
finally, in which the small but measurable intensity of the total radiations and the

effectively low temperature of the inner corona were observed by the aid of the

bolometer.
Eespectfully submitted. C. G. Abbot,

Aid Acting in Charge Adroplujsical Observatory.

Mr. S. P. Laxgley,

Secretary of tJie Sinitftsoiiian Institution, Washington, I). C.
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REPORT OF THE LIBRARIAN FOR THE YEAR ENDED JUNE 30, 1900.

Sir: I liave the honor to present herewith the report of the operations of the

library of the Smithsonian Institution for the fiscal year ended June 30, 1900.
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The number of books and bound periodicals in the circulating library established

for the employees is 1,220; 1,824 volumes circulated among 115 readers, and the cur-

rent periodicals were largely used. The pleasure and instruction afforded the

employees of the Instittition and Museum by this small collection amply justifies

the extremely moderate outlay.

The inaugural dissertations and academic publications of the following universities

have been accessioned: Basel, Berlin, Bern, Bonn, Breslau, Cornell, Erlangen, Freid-

burg, Geissen, Gratz, Griefswald, Halle a. S. Heidelberg, Helsingfors, Jena, Johns
Hopkins, Jurjew, Kiel, Konigsberg, Leipzig, Louvam, Lund, Marburg, Rostock, St.

Petersburg, Strassburg, Toulouse, Tubingen, Utrecht, Wiirzburg, and Zurich.

Very respectfully,

Cyrus Auler, Librarian.
Mr. S. P. Langley,

Secretary Smithsonidn Jnstittdion.
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REPORT OF THE EDITOR.

Sir: I have the honor to submit the foUowing report on tlie i>n]ihcatioiis of the

Smithsonian Institution for the year ending June oO, 1900:

I. SMITHSONIAN CONTRIBUTIONS TO KNOWLEDGE.

No memoir of tlie series of eontrilmtions was pubhslied <hiringtlie year.

II. SMITHSONIAN MISCELLANEOUS COLLECTIONS.

Of the series of miscellaneous collections there has been nearly completed during

the year a bibliography of Academic Chemical Dissertations to form a Second Supple-

ment to the Select Bibliography of Chemistry by H. C. Bolton, published several

years ago, and to which a First Supi^lenient was published in January 1899.

The first volume of the INIiscellaneous Collections, published in 1862, comprised 738

pages of directions for meteorological observations, and i^sychrometrical, meteoro-

logical; and physical tables. In the second volume were catalogues of birds, reptiles,

shells, and other natural history andanthro2>ological subjects. The third and fourth

and sixth volumes were devoted almost entirely to catalogues and classifications of

insects. In the fifth volume was a bibliography of conchology and lists of Smith-

sonian iiublications and correspondents. The seventh volume was a monograph on

bats, with check lists of fossils, descriptions of land and fresh-water shells, etc. The
eighth volume included catalogues and descriptions of insects, shells, arrangement of

families of birds, circulars to collectors, etc. The ninth volume was composed of a

bibliography of conchology and a catalogue of society iiu])lications. In the tenth

volume were printed exhaustive works on mollusks, etc., and in the eleventh was
given a classification of families of mammals and fishes, classification of insects, etc.

A review of American birds in the iNIuseum of the Smithsonian Institution by Pro-

fessor Baird, and Clarke's Sj^ecific Gravity Tables comprised the twelfth volume.

"Without reviewing each of the subsequent volumes, it may suffice to say that after

publication funds became available for the use of the National Museum, very many
papers of the Miscellaneous Collection class were printed in the Museum Proceed-

ings and Bulletins, and for a time these were reprinted in tlie miscellaneous series.

III. SMITHSONIAN ANNUAL REPORTS.

The Annual Report for 1897 is in three volumes—one devoted to the Institution

proper, one to the National Museum, and a third volume comprising some of the

most important papers published by the late assistant secretary, G. Brown Goode.

The latter volume is not completed, but the first two volumes have been distributed.

Both the Smithsonian and Museum volumes of the 1898 Report were practically com-

pleted during the year, but it was not possible to make a general distril;)ution of them.

Progress was made in the preparation of the Report for 1899, though no portion was

put in tyjie except the Secretary's Rejwrt to the Board of Regents.

Annual Report of the Board of Regents of tlie Smitlisonian Institution, sliowing

the operations, expenditures, and condition of the Institution for the year ending
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June 30, 1897. Report of the U. S. National Museum, Part I, Washington: Govern-

ment Printing Office, 1899. 8°. XXVII + 1021 pages, wdth 150 plates.

Annual Report of the Board of Regents of the Smithsonian Institution, showing

the operations, expenditures, and condition of the Institution for the year ending

June 30, 1898. Washington: Government Printing Office. 1899. 8°. LV+ 713 pages,

with 13 plates and 3 maps.

Annual Report of the Board of Regents of the Smithsonian Institution, sliowing

the operations, expenditures, and condition of the institution for the year ending

June 30, 1898. Report of the U. S. National Museum. Washington: Government

Printing Office. 1900. XVIII + 1294 pages, with 36 plates.

IV. SEPARATES FROM THE SMITHSONIAN REPORTS.

1172. The Latimer Collection of Antiquities from Porto Rico in the National

Museum and The Guesde Collection of Antiquities in Pointe-a-Pitre, Guadeloupe,

West Indies. By Otis T. Mason. (From the Smithsonian Reports of 1876 and 1884.

)

Washington. 1899. 8°. pp. IV, 372-939, 731-837.

1178. Report of S. P. Langley, Secretary of the Smithsonian Institution, for the

year ending June 30, 1899. Washington : Government Printing Office. 1899. 8°.

Ill + 81 pages, with 5 plates and a colored map.

1181. Journal of Proceedings of the Board of Regents of the Smithsonian Institu-

tion, Report of Executive Committee, Acts and Resolutions of Congress. (From the

Smithsonian Report for 1898, pp. XI-LV. ) Octavo pamphlet.

1182. Recent Progress accomplished by Aid of Photography in the Study of the

Lunar Surface, by MM. Loewy and Puiseux. (From the Smithsonian Report for

1898, pages 105-121, with 3 plates.) Octavo pamphlet.

1183. The Function of Large Telescopes, by George E. Hale. (From the Smith-

sonian Report for 1898, pages 123-137.) Octavo pamphlet.

1184. The Le Sage Theory of Gravitation, by M. Le Sage, with introduction by

S. P. Langley. (From the Smithsonian Report for 1898, pages 139-160. ) Octavo

pamphlet.

1185. The Extreme Infra-Red Radiations, by C. E. Guillaume. (From the

Smithsonian Report for 1898, pages 161-165. ) Octavo pamphlet.

1186. The Chemistry of the Stars, by Sir Norman Lockyer. (From the Smith-

sonian Report for 1898, pages 167-178.) Octavo pamphlet.

1187. The Perception of Light and Color, by Georges Lechalas. (From the

Smithsonian Report for 1898, pages 179-196.) Octavo pamphlet.

1188. Some Curiosities of Vision, by Shelford Bidwell. (From the Smithsonian

Report for 1898, pages 197-207. ) Octavo pamphlet.

1189. Progress in Color Photography, by G. H. Niewenglowski. (From the

Smithsonian Report for 1898, pages 209-215. ) Octavo pamphlet.

1190. The Development of Electrical Science, by Thomas Gray. (From the

Smithsonian Rejwrt for 1898, pages 217-234.) Octavo pamphlet.

1191. Telegraphy Across Space, by Silvanus P. Thompson. (From the Smith-

sonian Report for 1898, pages 235-247. ) Octavo pamphlet.

1192. Signaling Through Space without Wires, by W. H. Preece. (From the

Smithsonian Report for 1898, pages 249-257. ) Octavo pamphlet.

1193. Note on the Liquefaction of Hydrogen and Helium, by Professor James

Dewar. (From the Smithsonian Report for 1898, pages 259-266. ) Octavo pamphlet.

1194. The Recently Discovered Gases and their Relation to the Periodic Law, by

William Ramsay. (From the Smithsonian Report for 1898, pages 267-276. ) Octavo

pamphlet.

1195. The Kinetic Theory of Gases and Some of its Consequences, by William

Ramsay. (From the Smithsonian Report for 1898, pages 277-287.) Octavo

pamphlet.
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1196. The Revival of Inorganic Chemistry, by H. N. Stokes. (From the Smith-

sonian Report for 1898, images 289-306. ) Octavo pamphlet.

1197. Scientific Ballooning, by Reverend John M. Bacon. (From the Smith-

sonian Report for 1898, pages 307-319.) Octavo pamphlet.

1198. The Tundras and Steppes of Prehistoric Europe, by Professor James Geikie.

(From the Smithsonian Report for 1898, pages 321-347, with colored map.) Octavo

pamphlet.

1199. Modification of the Great Lakes by Earth Movement, by C. K. Gilbert.

(From the Smithsonian Report for 1898, pages 349-361.) Octavo pamphlet.

1200. The Plan of the Earth and its Causes, by J. W. Gregory. (From the

Smithsonian Report for 1898, pages 363-388.) Octavo pamphlet.

1201. Funafuti: The Story of a Coral Atoll, by W. J. Sollas. (From the Smith-

sonian Report for 1898, pages 389-406.) Octavo pamphlet.

1202. Oceanography, by M. J. Thoulet. (From the Smithsonian Report for 1898,

pages 407-425.) Octavo pamphlet.

1203. The Relation of Plant Physiology to the Other Sciences, by Doctor Julius

Wiesner. (From the Smithsonian Report for 1898, pages 427-444. (Octavo pam-

phlet.

1204. Pithecanthropus erectus: A form from the Ancestral Stock of Mankind, by

Eugene Dubois. (From the Smithsonian Report for 1898, pages 445^59, with three

plates. ) Octavo pamphlet.

1205. On our Present Knowledge of the Origin of Man, by Ernst Haeckel. (From

the Smithsonian Report for 1898, pages 461—480.) Octavo pamphlet.

1206. The Laws of Orientation among Animals, by Captain G. Reynaud. (From

the Smithsonian Report for 1898, pages 481-498.) Octavo pamphlet.

1207. The Fresh-Water Biological Stations of the World, by Henry B. Ward.

(From the Smithsonian Report for 1898, pages 499-513.) Octavo pamphlet.

1208. The Theory of Energy and the Living World. The Physiology of Alimen-

tation. By A. Dastre. (From the Smithsonian Report for 1898, pages 515-549.)

Octavo pamjjhlet.

1209. The Economic Status of Insects as a Class, by L. O. Howard. (From the

Smithsonian Report for 1898, }mges 551-569.) Octavo pamphlet.

1210. Recent Advances in Science, and their Bearing on Medicine and Surgery,

by Professor R. Virchow. (From the Smithsonian Report for 1898, pages 571-578.)

Octavo pamphlet.

1211. A Sketch of Babylonian Society, by F. E. Reiser. (From the Smithsonian

Report for 1898, pages 579-599.) Octavo pamphlet.

1212. The Excavations of Carthage, by Philippe Berger. (From the Smithsonian

Report for 1898, pages 601-614. ) Octavo pamphlet. .

1213. The Transportation and Lifting of Heavy Bodies by the Ancients, by

J. Elfreth Watkins. (From the Smithsonian Report for 1898, pages 615-619, with

4 jilates. ) ( )ctavo pamphlet.

1214. The Past Progress and Present Position of the Anthropological Sciences, by

E. W. Brabrook. (From the Smithsonian Report for 1898, pages 621-636.) Octavo

pamjihlet.

1215. The Origin of African Civilizations, by L. Frobenius. (From the Smith-

sonian Report for 1898, pages 637-650, with a colored map. ) Octavo pamphlet.

1216. Dogs and Savages, by Doctor B. Langkavel. (From the Smithsonian Report

for 1898, pages 651-675. ) Octavo pamphlet.

1217. The Life and Works of Brown-Sequard, by M. Berthelot. (From the

Smithsonian Report for 1898, pages 677-969. ) Octavo pamphlet.

Report upon the condition and progress of the U. S. National Museum during the

year ending June 30, 1897, by Charles D. Walcott, acting assistant secretary of the

Smithsonian Institution in charge of the U. S. National Museum. ( From the Annual

Report of the U. S. National Museum for 1897, pages 1-245.) Octavo pamphlet,
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Recent Foraminifera. A Descriptive Catalogue of Specimens dredged Vjv the U. S.

Fish Commission Steamer Albatross. By James i\I. Flint, M.D., U. S. N., honorary

curator, Division of Medicine, TJ. S. National Museum. (From the Annual Report

of the U. S. National Museum for 1897, pages 249-349, with 80 plates.) Octavo

pamphlet.

Pipes and Smoking Customs of the American Aborigines, based on material in the

U. S. National iNIuseum, by Joseph D. McGuire. (From the Annual Report of the

U. S. National IVIuseum for 1897, jjages 351-645, with 5 plates.) Oetav(j pamphlet.

Catalogue of the Series Illustrating the Properties of Minerals, by Wirt Tassin,

assistant curator. Division of Mineralogy. (From the Annual Rejwrt of the U. S.

National Museum for 1897, pages 647-688.) Octavo pamphlet.

Te Pito Te Henna, known as Rapa Nui; commonly called Easter Island, South

Pacific Ocean, by George H. Cooke, surgeon, U. S. Navy. (From the Annual Report

of the U. S. National Museum for 1897, pages 689-723. ) Octavo pamphlet.

The Man's Knife among the North American Indians, a Study in the Collections

of the U. S. National Museum, by Otis Tufton Mason, curator. Division of Ethnology.

(From the Annual Report of the F. S. National ^luseuna for 1897, pages 725-745.)

Octavo pamphlet.

Classification of the Mineral Collections in the U. S. National Museum, by Wirt

Tassin, assistant curator. Division of Mineralogy. (From the Annual Report of the

U. S. National jNIuseum for 1897, pages 747-810. ) Octavo pamphlet.

Arrowpoints, Spearheads, and Knives of Prehistoric Times, by Thomas Wilson,

curator. Division of Prehistoric Archaeology. (From the Annual Report of the IT. S.

National Museum for 1897, pages 811-988, with 65 plates.) Octavo pamphlet.

v. PUBLICATIONS OF THE NATIONAL MUSEUM.

Proceedings of the United States National Museum, Volume XXI. Published

under the direction of the Smithsonian Institution. Washington : Government
Printing Office. 1899. 8". XIII + 933 pages, with 89 plates.

The contents of this volume were enumerated in the editor's report for last year.

During the present fiscal year the following articles from Volume XXII of Pro-

ceedings have l)een printed and distributed:

Proc. 1179. The Osteological Characters of the Fishes of the Sulxn-der Percesoces,

by Edwin Chapin Starks. 8". jip. 1-10, with plates I-III.

Proc. 1180. Notes on Birds from the Cameroons District, West Africa, by Harry

C. Oberholser. 8". pp. 11-19.

Proc. 1181. Descriptions of two new Species of Tortoises from the Tertiary of the

United States, by O. P. Hay. 8°. pp. 21-24, with plates IV-VI.
Proc. 1182. A List of the Birds collected by Mr. R. P. Currie in Liberia. S". pp.

25-37, with plate VII.

Proc. 1183. A List of the Biting Lice (Malloiihaga) taken from Birds and ^NFam-

mals of North America, by Vernon L. Kellogg. 8". pp. 39-100.

Proc. 1184. New Species of Nocturnal Moths of the Genus Campometra, and

Notes, by John B. Smith. 8°. pp. 101-105.

Proc. 1185. Synopsis of the Solenida; of North America and tlu^ Antilles, by
William H. Dall. 8«. pp. 107-112.

Proc. 1186. The Osteology and Relationship of the Percoidean Fish, Dinolestes

lewini, Ijy Edwin Chapin Starks. 8". pp. 113-120, with plates VIII-XI.
Proc. 1187. Description of two New Species of Crayfish, by W. P. Hay. 8". pp.

121-123.

Proc. 1188. Contributions to the Natural History of the Commander Islands.

No. XIII. A New Species of Stalked Medusae, Haliclystus stejneseri, by K. Kishi-

nouye. 8°. pp. 125-129.

Proc. 1189. Description of a New Species of Idotea from Hakodate Bay, Japan,

by Harriet Richardson. 8°. pp. 131-134.
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Proc. 1190. List of Shells collected by Vernon Bailey in Heron an<l Eagle lakes,

Minnesota, with Notes, by Kobert E. C. Stearns. 8°. pp. 135-138.

Proc. 1191. Description of a New Variety of Haliotis from California, with faunal

and geographical notes, by Eobert E. C. Stearns. 8°. jip. 139-142.

Proc. 1192. On the Lower Silurian (Trenton) Fauna of Bafhn Land, by Charles

Schuchert. S°. pp. 143-177, with plates XII-XIV.
Proc. 1193. Some Neocene Corals of the United States, by Henry Stewart Gane.

8°. pp. 179-198, with plate XV.
Proc. 1194. A New Fossil Species of Caryophyllia from California, and a New

Genus and Species of Turbinolid Coral from Japan, by T. Wayland Vaughan. 8°.

pp. 199-203, with plate XVI.
Proc. 1195. Notes on Birds Collected by Dr. W. L. Al)lx)tt in Central Asia, liy

Harry C. Oberholser. 8°. pp. 205-228.

Proc. 1196. Notes on Some Birds from Santa Barbara Islands, California, by

Harry C. 01)erholser. 8°. pp. 229-234.

Proc. 1197. Catalogue of a Collection oi Birds from INIadagascar, liy Harry C.

Oberholser. 8°. pp. 2.35-248.

Proc. 1198. Report on a Collection of Dipterous Insects troui I'uerto Rico, l)y

D. "\V. Cbquillett. 8°. pp. 249-270.

Proc. 1199. The Decapod Crustaceans of West Africa, l)y Mary ,T. Rathbun. 8°.

pp. 271-316.

Proc. 1200. Description of a New Bird of the Genus Dendrornis, ])\ Charles W.
Richmond. 8°. pp. 317,318.

Proc. 1201. Descriptions of New Birds from Lower Siam, by Charles \Y. Rich-

mond. 8°. pp. 319-321.

Proc. 1202. On the Genera of the Chalcid-flies belonging to the Subfamily Encyr-

tinae, by William H. Ashmead. 3°. pp. 323-412.

Part 4 of Bulletin 47, entitled "The Fishes of North and Middle America," by
Doctors Jordan and Evermann, was issued before the close of the fiscal year. This

volume, which contains 392 plates, with exiilanations and a general table of contents,

completes one of the most important Avorks thus far published in the Bulletin series.

Bulletin of the United States National IVIuseum, No. 47. The Fishes of North and

Middle America. By David Starr Jordan and Barton Warren Evermann. Part IV.

Washington: Government Printing Oiiice. 1900. 8°. pp. CI, 3137-3313, Plates I-

CCCXCII.
The Methods Employed at the Naples Zoological Station for the Preservation of

Marine Animals, by Salvatore Lo Bianco. Translated from the original Italian by
Ednumd Otis Hovey. Bull. U. S. Nat. Mus., No. 39, Part M, Oct. 2, 1899, pp.

[l]-[42].

Directiims for Preparing Study Specimens of Small Mammals, by Gerrit S. Miller, jr.

Bull. U. S. Nat. Mus., No. 39, Part N, Aug. 26, 1899, pp. [l]-[l6], with 1 fig.

Directions for Collecting and Rearing Dragon Flies, Stone Flies, and May Flies, by

James G. Needham. Bull. U. S. Nat. Mus., No. 39, Part 0, Nov. 29, 1899, pp.

[l]-[9], with figs. 1-4.

VI. ANNALS OF ASTROPnYSICAL OBSERVATORY.

Annals of the Astrophysical Observatory of the Smithsonian Institution. Volume I.

By S. P. Langley, Director, aided by C. G. Abbot. Washington: Government Print-

ing Oflice. 1900. Quarto, pp. vii, 266, with 36 plates.

VII. PUBLICATIONS OF THE BUREAU OF AMERICAN ETHNOLOGY.

Part 2 of the Seventeenth Annual Report of the Bureau of American Ethnology

was published during the year, but the completion of Part I has Ijeen delayed. Tlie

printing of the Eighteenth Report was nearly completed, and the Nineteenth Report

was transmitted to the Public Printer. Some progress was also made in the printing

of the first bulletin of the new series authorized bj' Congress.



REPORT OF THE SECRETARY. 117

Seventeenth Annual Report of the Bureau of American Ethnology to the Secretary

of tlie Smithsonian Institution, 1895-96, by J. W. Powell, Director. Part 2. (Navaho

Houses, by Cosmos Mindeleff. ) Washington: Government Printing Office. 1898.

Royal octavo, pp. 469-752, witli plates Ixxxii-xc, and figures 230-244.

VII. AMERICAN HISTORICAL ASSOCIATION.

The Annual Report of the American Historical Association for the year 1898 was
completed during the year, and the report for 1899 was transmitted to the Public

Printer. In the editor's report for last year the contents of the 1898 volume were

enumerated. The 1899 re])ort will l)e in two volumes, the second volume compris-

ing the correspondence of John ('. Callionn. In the first volume are the following

papers:

Report of Proceedings of Fifteenth Annual Meeting in Boston and Cambridge,

December 27-29, 1899, by A. Howard Clark.

Inaugural Address on History, by James Ford Rhodes, President.

Removal of Officials by the Presidents of the United States, by Carl Russell Fish.

Legal Qualifications for Office in America, 1619-1899, by Frank Hayden Miller.

The Projjosed Absorption of Mexico in 1847—48, by Edward G. Bourne.

The Problem of Chinese Immigration in Farther Asia, by Frederick Wells Wil-

liams.

The Droit de Banalite during the French Regime in Canada, by W. Bennett

Munro.

The Restoration of the Proprietary in Maryland and the Legislation against the

Roman Catholics during the Governorshija of Capt. John Hart (1714-1720), by Bar-

nard C. Steiner.

The First Criminal Code of Virginia, by Walter F. Prince.

A Critical Examination of Gordon's History of the American Revolution, by Orin

Grant Libby.

A Recent Service of Church History to the Church, by William Given Andrews.
The Origin of the Local Interdict, by Arthur Charles Howland.
The Poor Priests: A Study in the Rise of English Lollardry, by Henry Lewin

Cannon.

The Roman City of Langres (France) in the Early INIiddle Ages, by Earle W^ilbur

Dow.

Robert Fruin, 1823-1899: A Memorial Sketch, by Ruth Putnam.

Sacred and Profane History, by James Harvey Robinson.

Should Recent European Historj^ have a Place in the College Curriculum? by
Charles M. Andrews.

The Colonial Problem, by Henry E. Bourne.

A Bibliography of the Study and Teaching of History, by James Ingersoll W^yer.

Titles of Books on English History published in 1897 and 1898, selected and
annotated by W. Dawson Johnston.

A Bibliography of Mississippi, by Thomas McAdory Owen.
Bibliography of Publications of the American Historical Association, 1885 to 1900.

IX. REPORT OF THE DAUGHTERS OF THE AMERICAN REVOLUTION.

The Second Report of the National Society of the Daughters of the American
Revolution was transmitted to Congress in accordance with the act of incorporation

of that body, but as only the regular document edition was printed by Congress no
copies were received by the Institution.

Respectfully submitted.
A. Howard Clark, Editor.

Mr. S. P.- Langley,

Secretary Smithsonian Institution.
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adverti8p:ment.

The object of the General Appendix to the Annual Report of the

Smithsonian Institution is to furnish brief accounts of scientific dis-

coveries in particuhir directions; reports of investigations made b}^

collaborators of the Institution, and memoirs of a general character

or on special topics that are of interest or value to the numerous

correspondents of the Institution.

It has been a prominent object of the Board of Regents of the

Smithsonian Institution, from a very early date, to enrich the annual

report required of them by law with memoirs illustrating the more
remarkable and important developments in phj'sical and biological

discovery, as well as showing the general character of the operations

of the Institution; and this purpose has, during the greater part of its

histor}', been carried out largely by the publication of such papers as

would possess an interest to all attracted by scientitic progress.

In 18S0 the Secretar}^, induced in part b}^ the discontinuance of an

annual summary of progress which for thirty 3'ears previous had been

issued by well-known private pul)Hshing tirms, had prepared l)y com-

petent collaborators a series of abstracts, showing concisely the prom-

inent features of recent scientitic progress in astronomy", geology,

meteorolog}", physics, chemistr}', mineralogy, botany, zoology, and

anthropologv. This latter plan was continued, though not altogether

satisfactorily, down to and including the year 1888.

In the report for 1889 a return- was made to the earlier method of

presenting a miscellaneous selection of papers (some of them original)

embracing a considerable range of scientific investigation and discus-

sion. This method has been continued in the present report, for 1900.
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PROGRESS IN ASTRONOMY DURING THE NINETEENTH
CENTURY.^

By Sir Norman Lockyek.

In looking back over a century's work in the oldest of the sciences

one is .struck not only by the enormous advance that has been made in

those branches of the science dealing with the motions of the heavenly

bodies which were cultivated at least eight thousand years ago by early

dwellers in the valleys of the Nile, Tigris, and Euphrates, but with

the fact that during the century that is passing away a perfectly new
science of astronomy has arisen. By annexing physics and chemistry

astronomers now study the motions of the particles of which all celes-

tial bodies are composed ; a new molecular astronomj^ has now been

firmly established side by side with the old molar astronomy which

formerly alone occupied the thoughts of star gazers.

Along this new line our knowledge has advanced b}" leaps and
bounds, and the results alread}" obtained in expanding and perfecting

man's views of nature in all her beauty and immensity are second to

none which have been garnered during the last hundred years.

THE POSITION AT THE BEGINNING OF THE CENTURY.

It may be well before attempting to obtain a glimpse of recent

progress that we should try to grasp the state of the science at the

time when the nineteenth century was about to dawn, and this, per-

haps, can be best accomplished by seeing what men were working at

this period at which the greatest activity was to be found in Germany;
there was no permanent observatory in the southern hemisphere or in

the United States.

First and foremost among the workers—he has, in fact, been

described as "the greatest of modern astronomers"—was William

Hcrschel, a German domiciled in England. In the year 1773 he hired

a telescope and with this small instrument he obtained his first glimpses

of the rich fields of exploration open in the skies. From that time

onward he had one fixed purpose in his mind, which was to obtain as

intimate knowledge as possible of the construction of the heavens.

^ Copyright, 1901, by The Suu Printing and Publishing Association. Reprinted, by
special permission, from The Smi, New York, January 13, 1901.
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To do this, of course, great optical power was necessar}^ and such

was his energy that, as large instruments were not to be obtained at

any price, he set to work and made them himself.

Herschel presented the beginning of the nineteenth centur^' not only

with a delinite idea of the constitution of the stellar S3\stem, based on

a connected body of facts and deductions from facts, as gleaned through

his telescopes, but observations without number in many lields. He
discovered a new planet, Uranus, and several satellites of the planets;

published catalogues of nebulae; established the gravitational bond

between many "double stars;" and carried on observations of the sun,

then supposed to be a habitable globe. What Herschel did for obser-

vational astrononi}^ and deductions therefrom Laplace did for the fur-

therance of our knowledge concerning the exact motions of the bodies

comprising the solar system. Newton had long before announced that

gravitation was universal, and Laplace brought together investigations

undertaken to determine the validity of this law. These were given

to the world in his wonderful book on "Celestial Mechanics," the first

volumes of which appeared in 1799.

A survey of the work of these two great astronomers gives one an

idea of what was going on in observational and mathematical astron-

omy at the beginning of the century.

The study was now destined to make rapid strides, as not only were

new optical instruments, some designed for special purposes, intro-

duced, new mathematical processes applied, fresh fields for research

opened up, but the number of workers was considerably augmented by

the increased means available; so much so, indeed, that the first astro-

nomical periodical was founded by Von Zach in 1800 to facilitate inter-

communications between the observers.

The first evening of the nineteenth century (January 1, 1801) augured

well for progress. It had long been thought that all the members of

the solar S3'stem had not as yet been discovered, and there was a very

notable gap between the planets Mars and Jupiter, indicated by Bode's

law. Observers were organized to make a thorough search for the

missing planet, portions of the sky being divided between them for

minute examination. It fell to the Italian observer, Piazzi, to discover

a small body which was moving in an orbit between these two planets,

on the date named. The century thus began with a sensation, and,

because the new body, which was named "Ceres," was notof sufiicient

size to be accepted as the "missing planet," the idea was suggested

that perhaps it was a fragment of a larger planet that had been blown

to pieces in the past.

An opportunity here arose for mathematical astronomy to come to

the help of the observer, for Ceres soon was lost in the solar rays, and

in order to rediscover it after it had passed conjunction an approxi-

mate knowledge of its path and future position was necessary.
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With the then existing- methods of computation of orbits it was

imperative to have numerous measured positions to use as data for the

calculation. The scant}^ data available in the case of Ceres were not

sufficient for the application of the method. The occasion discovered

a man, one of the greatest mathematicians of the nineteenth century,

Karl Frederick Gauss, who, although only '25 A^ears of age, undertook

the solution of the problem by employing a system which he had

devised, known as ""the method of least squares," w^hich enabled him

to obtain a most probable result from a given set of observations.

This, with a more general method of orbit computation, also elabo-

rated b}^ himself, was sufficient to enal)le him to calculate future posi-

tions of Ceres, and on the anniversary of the original discovery, Olbers,

another great pioneer in orbit calculations, found the planet in very

nearly the position assigned by Gauss. So great was the curiosity

regarding the other portions of the planet, which was supposed to have

been shattered, that numerous observers at once commenced to search

after other fragments.

These were the actualities of 1801 and thereabouts, but the seed of

much future work was sown. Kant and Laplace had already occupied

themselves with theories as to the world formation, and spectrum anal-

ysis as applied to the heavenly bodies may be said to have been started

by WoUaston's observations of dark lines in the solar spectrum in 1802.

Fraunhofer was then a boy at school. In the same year the first pho-

tographic prints were produced by Wedgewood and Davj^.

OBSERVATORIES.

It has been stated that at the beginning of the century there were

no permanent observatories, either in the southern hemisphere or in

the United States. The end of the century finds us with two hundred

observatories all told, of which fourteen are south of the equator and

forty-seven in the United States, among which latter are the best

equipped and most active in the world.

The observatory of Parramatta was the first established (in 1821) in

the Southern hemisphere. This was followed by that of the Cape of

Good Hope in 1829. Of the more modern southern observatories from

which the best work has come we may mention Cordova, the seat of

Gould's important investigations, established in 1868, and Arequipa, a

dependency of Harvard, whence the spectra of the southern stars have

been secured, erected still more recently (1881).

I believe, but I do not know, that the large number of American

observatories have radiated from Cincinnati, where^ in consequence of

eloquent appeals, both by voice and pen, from Mitchell, then professor

of astronomy, an observatory was commenced in 1815. There can be

no doubt that at the present moment, with the numerous well-equipped
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and active observatories, and the careful and thorough teaching estab-

lished side by side with them, which enables numberless students to

use the various instruments, the United States in matters astronomical

fills the position occupied by Germany at the beginning of the century.

In Europe special observatories have been established at Meudon,

Kensington, and Potsdam, so that new astrophysical inquiries may be

undertaken without interfering with the prosecution or extension of

the important meridional work carried on at Paris, Greenwich, and

Berlin. A large proportion of the observations made by the Lick and

Yerkes observatories in the United States has been astrophysical.

One of the special inquiries committed to the charge of the Solar

Physics Observator}" at Kensington at its establishment by the British

Government had relation to the possibility of running home meteoro-

logical changes on the earth, especially those followed by drought and

famines in various parts of the Empire, to the varying changes in the

sun indicated by the ebb and flow of spots on its surface. With this

end in view observations of the sun were commenced in India and the

Mauritius to supplement those taken at Greenwich. At the same time

other daily observations of sun spots by a different method were com-

menced at Kensington.

This kind of work was at first considered ideally useless; we shall

see later on what has become of it.

IMPROVEMENTS IN TELESCOPES.

The progress in astronomical science throughout the closing century

has naturally to a great extent depended upon the advances made both

in the optics of the telescope and the way in which they are mounted,

either with circles to record exact times and positions, or made to move
so as to keep a star or other celestial objects in the field of view while

under ol)servation. The perfection of definition and the magnitude of

the lenses employed in the modern instrument have been responsible

for many important discoveries.

Ever since the telescope was invented—Galileo's lens was smaller

than those used in spectacles—men's minds have been concentrated on

producing instruments of larger and larger size to fathom the cosmos

to its innermost depths.

At the beginning of this century we were, as we have seen already,

in possession of reflectors of large dimensions; Herschel's -i-foot

mirror, the instrument he was using in 1801, which had a focal length

of 10 feet, was capable of being employed with high magnifying

powers; and it was the judicious use of these, on occasions when the

finest of weather prevailed, that enabled him to enrich so extensively

our knowledge of the stellar and planetary systems. For the ordinary

work of astronomy, however, especially when circles are used, refrac-



PEOGEESS IN ASTEONOMY. 127

tors are the more suitable instruments. This form suffers less from

the vicissitudes of weather and temperature, and is therefore more

suited where exact measurements are required.

Toward the end of the eighteenth centur}^ a Swiss artisan, Pierre

Guinard, after many 3^ears of patient labor, succeeded in producing-

pure disks of flint glass as large as inches in diameter. The modern

refracting telescope thus became possible.

In 1804 there was started at Munich the famous optical and mechan-

ical institute which soon made its presence felt in the astronomic:il

world. Reforms in instrument making were soon taken in hand, and

under the leadership of the great German astronomer, Bessel, great

strides were made in instruments of precision. Fraunhofer, who had

been silently working away at the theory of lenses and making various

experiments in the manufacture of glass, was joined in 1805 by Guinard.

In 1800 Troughton invented a new method of graduating circles,

according to Air}" the greatest improvement ever achieved in the art

of instrument making.

In 1821: Fraunhofer successful!}' completed and perfected an object

glass of 9.9 inches in diameter for the Dorpat Observatory. This

objective might literally have been called a "giant," for nothing

approaching it in size had been previously made.

England, which was at one time the exclusive seat of the manufacture

of refracting telescopes, was now completely outstripped by both

Germany and France, and for this we had to thank "the short-sighted

policy of the Government, which had placed an exoi'bitant duty on the

manufacture of flint glass." In 1833 the Dorpat refractor was eclipsed

by one of 15 inches' aperture, made for the Pulkowa Observatory by

Merz & Mahler, Fraunhofer's successors, who, about ten years later,

supplied a similar instrument to Harvard College. At this time Lord
Rosse emulated with success the efi'orts of Herschel, and rehabilitated

the reflector hy producing a metallic mirror of (J-foot aperture and

54-foot focal length, which he mounted at ParsonstoAvn. The speculum

weighed no less than 4 tons. To mount this immense mass efficiently

and safely was a work of no light nature, but he successfully accom-

plished it, and eventually both mirror and the telescope, which weighed

now altogether 14 tons, were so well counterpoised that they could be

easily moved in a limited direction by means of a windlass, worked by
two men. The perfection of the "seeing'' qualities of this instrument

and its enormous light-grasping powers were particuhirly .striking, and

observational astronomy was considerably enriched by the discoveries

made with it.

Speculum metal was not destined to stay. Ten years later (1857) the

genius of Leon Foucault introduced glass mirrors with a thin coating

of silver deposited chemically, and these have now universally super-

seded the metallic ones.
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The long supremacy of Germany in the matter of refractors was
broken down iiltimatel}^ by the famous English optician and engineer,

Thomas Cooke, of York. His first considerable instrument, one of 7

inches aperture, was finished in 1S51, and in 1865, a year before his

lamented death, he completed the first of our present giant refractors,

one of 25 inches aperture, for Mr. Newell, of Gateshead. In conse-

quence of the success of Cooke's achievement other large refractors

were soon undertaken.

Alvan Clark, the famous optician of Cambridgeport, Mass., at once

commenced a 26-inch for the Washington Observatory. The next was

one of 27 inches, made by Grubb for the Vienna Observatoiy. Object

glasses now grew inch by inch in size, depending on the increased

dimensions of disks that could be satisfactorily cast. Gautier of Paris

completed a 29i-inch for the Nice Observatory, while Alvan Clark

made an objective of 30 inches for Pulkowa. In 1877 the latter suc-

cessfully completed the mounting of an objective of 36 inches for the

Lick Observatory, but this inmiense lens was only achieved after a

great number of failures. Even this large object glass was surpassed,

in size by the completion in 1892 of the -lO-inch, which he made for the

Yerkes Observatory, and b}^ that made by Gautier for the Paris

Exhibition of 1900.

So much, then, for the largest refractors. In recent years, since the

introduction of the silver on glass mirrors, with their stability of

figure and brilliant surface, which can be easily renewed, reflectors of

large apertures are again being produced. The first of these was one

of 36 inches aperture made by Calver for Dr. Common, who demon-

strated its fine qualities and his own skill by the beautiful photographs

of the nebula of Orion he was enabled to secure with it. Dr. Com-
mon himself has since turned his attention to the making and silvering

of large mirrors of this kind, and the largest he has actually completed

and mounted eqtiatorially is one with a diameter of 5 feet. Another

of 36 inches aperture is in use at the Solar Physics Observatory, at

Kensington.

The progress of depositing silver on glass has led of late years to

important developments in which plane mirrors are used. Foucault

was the first to utilize such mirrors in his siderostat, in which such

a mirror is made to move in front of a horizontal fixed telescope, which

may be of any focal length, and no expensive dome or rising floor is

required. The plane mirror of the siderostat in the Paris Exhibition

telescope is 6 feet in diameter.

A variation of this instrument is the coelostat, more recently advo-

cated by Lippmann. The Coude equatorial mounting also depends

upon the use of plane mirrors; with such a telescope the observer is

at rest at a fixed eyepiece or camera in a room which may be kept at

any temperature.
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Now that in astronomical work eye observations are indispensably

supplemented by the employment of photography, an important modi-

fication of the refracting telescope has become necessary. This was

first suggested by Rutherfurd.

The ordinary achromatic object glass consists, as a rule, of two

lenses, one made of flint and the other of crown glass; ))ut in this form

the photographic ra3^s are not brought to the same focus as the visual

rays. This, however, can be achieved by employing three lenses

instead of two, each of ditJ'erent kinds of glass. The most modern

improvement in the telescope is due to Mr. Dennis Taylor, of Cooke &
Sons, and to Dr. Schott and Professor Abbe, whose researches in the

manufacture of old and new varieties of optical glass have rendered

Mr. Taylor's results feasible. By the Taylor lens outstanding color

is abolished, all the rays being brought absolutely to the same focus.

Such lenses can therefore be used either for visual observations or for

photography for spectroscopy.

SPECTROSCOPIC ASTRONOMY.

The branch of physics which at the present day has assumed such

mighty and far-reaching proportions in astronomical work is that deal-

ing with spectrum analysis, which, although suggested as early as the

time of Kepler, did not receive any impetus as regards its application

to celestial bodies until the beginning of the present century at the

hands of WoUaston and Fraunhofer. Then, however, it still lacked

the chemical touch supplied afterward by Kirchhofl^' and Bunsen.

They showed us that the spectrum observed when the light from any

heated body is passed through a pi'ism is an index to the chemical com-

position of the light source. The constitution of a vapor when in a

condition to absorb light can be determined by an extension of the

same principle first demonstrated by Stokes, Angstrom, and Balfour

Stewart when the centur}^ was about half completed.

The first celestial body toward which the spectroscope was turned

was our central luminary, the sun.

WoUaston first discovered that its spectrum was crossed by a few

dark lines. We learned next from Fraunhofer, who in 1814 worked
with instruments of greater power, that the solar spectrum was crossed

not only by a few dark lines, but by some hundreds. Not content

with examining the light of the sun, Fraunhofer turned his instru-

ment toward the stars, the light of which he also examined, so that he

may be justly called the inventor of stellar spectrum analysis. It is

not to the credit of modern science that from this time forward spec-

trum analysis did not become a recognized branch of scientific inquir}",

but as a matter of fact Fraunhofers observations were buried in obliv-

ion for nearly half a century. The importance of them was not rec-

ognized till the origin of the dark lines, both in sun and stars, had been

SM lyoo 9
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explained by Stokes and others, as before stated. The lines in the

solar spectrum were mapped with great diligence b}^ Kirchhoff in 1861

and 1862, and later by Angstrom and Thalen, and this was done side

by side with chemical work in the laboratory. The chemistiy of the

sun was thus to a great extent revealed. It was no longer a habitable

globe, but one with its visible boundary at a fierce heat, surrounded

by an atmosphere of metallic vapors, chief among them iron, also in a

state of incandescence. To these metallic vapors Angstrom added

hydrogen shortly afterwards.

Here, then, was established a firm link between the heavens and the

earth; the first step to the problem of the chemistry of space had been

taken.

It was only natural that as advances were made the instrumental

equipment should keep pace with them. Spectroscopes were built on

a larger scale; more prisms, which meant greater disperson, were

employed to render the measurements of the lines in spectra more
accurate. The growth of our knowledge especially necessitated the

making of maps of the lines in the solar spectrum, and in the spectra

of the chemifcal elements which had been compared with it on a

natural scale. This was done by Angstrom, who utilized for this

purpose the diffraction grating invented by Fraunhofer, and defined

the position of all lines in spectra by their ''wavelengths,'" in ten-

millionths of a millimeter or "tenth-meters."

In 1862 Rutherfurd extended Fraunhofer's work on the stars by a

first attempt at classification. Two years later Huggins and Miller

produced maps of the spectra of some stars. Donati demonstrated

that comets gave radiation spectra and Huggins did the same for

nebuke.

By these observations comets and nebulas were shown to be spectro-

scopicall}" different from stars, which at that time were studied by their

dark lines onlv-

Chiefly by the labors of Pickering, the energetic head of the Harvard
Observatory, science has been enriched during the later years by

observations of thousands of stellar spectra, the study of which has

brought about the most marvelous advance in our knowledge.

These priceless data have enabled us now to classify the stars not

only b}" their brightness, or their color, but by their chemistry.

Next to be chronicled is the application of the so-called Doppler-

Fizeau principle, which teaches us that when a light source is approach-

ing or receding from us the light waves are crushed together or drawn
out, so that the wave length is changed. The amount of change

gives us the velocity of approach or recess, so that the rate of move-
ment of stars toward or from the earth, or the upriLsh or downrush of

the solar vapors on the sun's disk, can be accurately determined, A
further utilization of this principle is found when the stars are so close
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together that they appear as one if the plane of motion passes near

the earth. A line common to the spectra of both stars will appear

double, twice in each revolution, when the motion to or from the earth,

or, as it is termed, "in the line of sight," is greatest. " Spectroscopic

doubles," as these stars are called, yield up many of their secrets

Avhich otherwise would elude us. Their time of revolution, the size

of the orbit, and the combined mass can b'fe determined.

To return from the stars to the sun.

By the device of throwing an image of the sun on the slit of tne

spectroscope the spectra of solar spots have been studied froai 1866

onward, and a little later the brighter portions of the sun's outer

envelopes, revealed till then only during eclipses, were brought within

our ken spectroscopically so that they are now studied every day.

CELESTIAL PHOTOGRAPHY.

Wedgewood and Davy, in 1802, made prints on paper b}' means of

silver salts, but it was not until 1830 that Niepce and Daguerre founded

photography, which Arago, in an address to the French Chamber, at

once suggested might subsequently be used to record the positions of

stars.

In 1830 we find Sir John Herschel carrying out a series of experi-

ments so important for our correct knowledge of the sequence of steps

in the early stages of photograph}^ that I have no hesitation in quoting

from one of Herschel's manuscripts relating to a deposit on a glass

plate of " muriate" [chloride] of silver from a mixed solution of the

nitrate with common salt. The manuscript states: "After forty-eight

hours [the choride] had formed a film firm enough to bear draining

the water off very slowly b}- a syphon. Having dried it, I found that

it was very little affected by light, and by washing it with nitrate of

silver, weak, and drying it, it became highly sensitive. In this state

I took a camera picture of the telescope on it."

The original of the above-mentioned photograph, the first photo-

graph ever taken on glass, is now in the science collection at the Vic-

toria and Albert Museum, South Kensington.

In the earl}^ days of photography colored glasses were first used to

investigate the action of different colors on the photographic plate.

Sir John Herschel was among the first to propose that such investi-

gations should be made direct with a spectrum, and he, like Dr. J. W.
Draper, stated that he had found a new kind of light l)eyond the blue

end of the spectrum, as the photographic plate showed a portion of the

spectrum there which was not visible to the eye. Advance followed

advance and in 1812 Becquerel photographed the whole solar spec-

trum, in colors, with nearly all the lines registered by the hand and
eye of Fraunhofer, not only the blue end, but the complete spectrum



132 PROGRESS IN ASTRONOMY.

from Draper's "latent light," as he called the ultra violet rays, to tJie

extreme red end.

The first photograph of a celestial object was one of the moon
secured by Dr. J. W. Draper in 1840 ; we had to wait until 1845, so

far as I know, before a daguerreotype was taken of the sun ; this was

done by Foucault and Fizeau, while the first photograph of a star

—

Vega—was taken at Harvard in 1850. After the introduction of the

wet collodion process regular photographs of the sun's surface were

commenced, at Sir John HerscheFs recommendation, at Kew, in 1858,

and the total solar eclipse of 1860 was made memorable by the photo-

graphs of De La Rue, who before that time had secured most admi-

rable photographs of the moon, as also had Rutherfurd.

Photography now began to pay the debt she owed to spectrum

analysis.

The first laboratory photograph of the spectra of the chemical ele-

ments was taken by Dr. W. A. Miller in 1862.

Rutherfurd was the first to secure a photograph of the solar spec-

trum with considerable dispersion by means of prisms.

In 1863 Mascart undertook a complete photographic investigation

of the ultra violet portion of the solar spectrum, a work of no mean
magnitude. He, however, did not employ a train of prisms for pro-

ducing the spectrum, but a detraction grating, using the light reflected

from the first surface. The first photograpn of the spectrum of a star

was secured by Henry Draper, the son of Dr. J. W. Draper, one of

the pioneers in photography, in 18Y2.

It was not till the introduction of dry plates in 1876 that the pho-

tography of the fainter celestial objects or of their spectra was possi-

ble, as a long exposure was naturally required. Stellar spectra were

photographed by Huggins in 1879 and in the next year Draper photo-

graphed the nebula of Orion. As the dry plates became more rapid

and as longer exposures were employed, revelation followed revela-

tion ; the nebula? as seen by the naked eye, and even some stars, were

found by the Henrys, Roberts, Max Wolf, Barnard, and others to be

but the brighter kernels of large nebulous patches.

This new application of photography, depending upon long expo-

sures (the longest one I know of has extended to forty hours), had an

important reflex action on the mechanical parts of the telescope; it

was not only necessary to keep the faintest star exactly on the same

part of the plate during the whole of the exposure, but night after

night the stellar image must be brought onto the same part of the

plate so that the exposure might be continued.

A sj'stem of electric control of the going of the driving clock of the

telescope by means of a sidereal clock was introduced, the simplest

one being designed by Russell of Sydney, a most elaborate one by

Grubb of Dublin.
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Another application of the method of long exposures has been the

discovery of minor planets by the trails impressed by their motion

among the stars on the photographic plates on which the images of

both are impressed.

A complete spectroscopic survey of the stars b}" means of photogra-

phy was commenced in 18<S6 at Harvard College, as a memorial to

Draper, who died while he was lal)oring diligently and successfully in

securing advances in astrophysical inquiries. To carry on this work
at Harvard, Professor Pickering wisel}- reverted to the method first

employed by Fraunhofer and utilized by Respighi and another in 1871,

of placing prisms in front of the object glass.

In the photographing of stellar spectra 1)V means of objective prisms

the driving clock of the telescope must not go exactly at sidereal rate,

but at certain speeds, depending on the l)rightness and position of the

star under examination.

This is necessary because the image of the spectrum of a star on

the photograph is only a thin line in which it is impossible to see the

spectral lines. The spectrum nuist be broadened, and this is accom-

plished by making the star image ''trail" to a certain degree on the

plate. This trailing is accomplished by means of the clock, the rate

of which is made to vary. In this way the trail of a spectrum of a

stai on the photographic plate is always obtained of the same width,

while the density of the image is made fairly constant by increasing

the rate for bright stars and decreasing it for fainter ones. In this

way spectra of the brighter stars, rivaling in perfection and detail

those obtained of the spectrum of the sun itself thirty .vears ago, have

been obtained. Such photographs have rendered a minute chemical

classification of the stars possible.

One of the most interesting applications of photography to spec-

trum analysis during the latter part of the century has been the utili-

zation by Messrs. Deslandres and Hale of a suggestion made by

Janssen, that by employing photography images of the sun and its

surroundings can be obtained in light on one wave length. In this

way we can study the distribution of any one of the chemical con-

stitiuMits of the sun separately and note its behavior, not onh" on the

sun itself, but in the atmosphere which enfolds the disk.

It is strange that, in spite of the suggestion of Faye and others after

him, one of the great advantages of the employment of photography
in astronomical work, namely, the abolition of ''personal equation,""

has so far been almost entirely neglected. What '* personal equation "

is can be perhaps illustrated by considering an observer who is observ-

ing the transit of a star over the wires in a transit instrument.

His object is to note the exact time, to a fraction of a second, when
a star passes each wire, and this is done b}' listening to the beats of a
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clock near at hand and estimating the fractions. Some observers con-

stantly note the time either a little in advance or a little later than the

actual time, and this small distance between the oljserver and the true

times is more or less constant for each observer. This difference has

to be taken into account for every observation. Even the use of the

chronograph in transit work, by which the observation is electrically

recorded, does not entirely" eliminate the error. The photographic

method of transit work has been experimented on, but so far as I know
it has not yet been used at more than one or two observatories. It

will doubtless eventually rid us of "'personal equation" entirel}", for

the star image may be photographed and the time recorded by the same

current of electricity.

At the end of the century Ve ma}' almost say that, except in relation

to the work of the meridional observatories, photographic methods of

recording observations are becoming exclusively used. One of the

cases in which its utilit}' is most in evidence is in the matter of eclipse

observations. Spectra of the sun's surroundings containing a thousand

lines are taken in a second of time, thus replacing five or six doubtful

eye observations by wealth of results, which have enabled the recent

vast progress to be secured.

CATALOGUES.

Catalogues of the stars were among the first scientific records started

by man, and so long as onl}' the naked eye was used the work was not

difiicult, as onl}'^ approximate positions were attempted, even by Hip-

parchus; but long before the eighteenth century dawned the problem

was entirely changed by the invention of the telescope and by the pro-

vision of accurately divided circles; not only could better positions be

recorded, but the number of stars to be catalogued was enormously

increased, and furthermore other objects—nebulaj—presented them-

selves in considerable numbers.

In 1801 the star catalogues chiefl}" relied on were those of Lacaille,

containing about .3,000 stars scattered over the whole heavens.

Maskelyne, who was then astronomer ro3'al, had published in 1790

a catalogue of thirtj^-six fundamental stars, chiefly for the purposes

of navigation. The first great catalogue of the century was the Fun-

damenta AstronomiBe of Bessel, produced in 1818. This contained

3,222 stars. The Bonn "Durchmiisterung/' with its catalogue of

331,198 stars in the northern hemisphere and the corresponding atlas

published in 1857-1863, was the next memorable achievement in this

direction. For it we have to thank Bessel and Argelander and a per-

fect system of work.

Another monumental catalogue dealing with the stars in the south-

ern heavens has been that of the southern stars observed ))v Gould
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(1866). While the century is clo.sing another catalogue far more stu-

pendous than an^'thing which could be conceived possible a few j^ears

ago is steadily being compiled. This we owe to the farsightedness

and energy of Admiral Mouchez, a late director of the Paris Obsery-

atorv. The work was commenced in 1892.

The whole heayens, north and south alike, haye been divided into

zones, and the chief observatories on the earth's surface are T)usy

night after night in taking photographs of that part intrusted to

them. The whole heavens are thus l)eing made to write their autobi-

ography, and the total gain to the astronomy of the future of this

most priceless record can perhaps be scarcely grasped as j^et, although

the advantage of being al^le at any point of future time to see on a

photographic plate what the heavens are telling now is sufficiently

obvious.

Catalogues of the stars have, of course, led to other minor cata-

logues of various classes of stars, ])inary, variable, and the like. In

the later years catalogues of stars, according to their spectra, have

enriched science.

The tirst extensive catalogue of stella spectra was published by

Vogel. It dealt with -1,051 stars, and appeared in 1883. It has since

been followed b}^ the Draper catalogue, leased upon photographs of

the spectra, which contains a much larger number. With regard to

nebuh\? Herschel pul^lished his third catalogue in 1802. The last cata-

logue of this nature is by Dreyer (1S88). and contains 7,810 of these

objects. In the time of Tycho they could be eounted on the lingers of

one hand.

INVESTIGATIONS OF SOMK I^MPORTANT ASTRONOMICAL CONSTANTS.

The century has been fruitful in the determination of many numer-

ical values which are all important in ena])ling us to determine the dis-

tance and masses of the heavenly l)odies, thereb}' giving us a firm

grasp not only of the dimensions of our own system, but of those

scattered in the celestial spaces.

To take the distances first. We nuist begin with the exact measure

of the earth; for this we must measure the exact length of an arc of

meridian or of parallel; that is, a stretch of the earth's surface lying

north or south or east and west, between places of which the latitudes

arc accurateh' known in the former case and the longitude in the latter.

In either case we can determine the number of miles which go to a

degree. Beginning at the opening of the century with an arc of

meridian of 2 degrees measured ])y Gauss from Gottingen to Altona,

the arcs of meridian have grown longer as the centurj" has grown older,

till, at the close, the measurement of an arc of meridian from the Cape
to Cairo, embracing something like 68 degrees of latitude, is being

mooted.
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The measurements of arcs of parallel have l)een developed by the

rapid extension of telegraphic communications which now permit the

longitude of the terminal stations to be determined with the greatest

accuracy.

Thanks to this work we now have the size of our planet to a few

miles. The polar diameter is 41,709,790 feet; but the equator is not a

circle, the ecpiatorial diameter from longitude 8'^ 15' west to longitude

188° 15' west is 41,853,258 feet; that at right angles to it is 41,850,210

feet; that is, some thousand 3'ards shorter. The earth, then, is shaped

like an orange slightly squeezed.

Knowing the earth's diameter, we can obtain the sun's distance by

several methods—the old one l)y observing transits of Venus, one of

which Cooke went out to observe in 1769, and two of which recurred

in 1874 and 1882; new ones b}- observations of Mars or one of the

minor planets at a favorable opposition, and b}' determining the velocity

of light.

The recent discover}^ of a minor planet. "'Eros,"^ which in one part

of its orbit is nearer the earth than Mars, has recently revived

interest in this method and a combined attack is in contemplation.

It has been long known that light has a finite velocity; but we had

to wait till the sixties before Fizeau and Foucault showed us how to

determine its exact value. The methods introduced ])y them have

been recently applied l»y Cornu, Newcoml), and Michelson, and the

resulting value is slightly less than 3()0,000 meters per second. Com-
bining this with the constant of aberration, the disttmce of the sun can

be determined.

It is w^onderful how these vastly dili'erent methods agree in the

resulting mean distance. At the beginning of the century it stood

roughly at 95,000,000 miles; this has l)een reduced to 93,965,000 miles.

The extreme difference IjetAveen the old and new values of the solar

parallax, two-fifths of a second of arc, is represented hy the apparent

breadth of a human hair viewa'd at a distance of about 125 feet.

Knowing the distance of the sun, the way is open to us to determine,

by a method suggested by Galileo, the distances of those stars which

occupy a different position among their fellows, as seen from opposite

points in the earth's or])it round the sun, points 186,000,000 miles

apart. We now know the distances of many such stars, Bessel having

determined the first in 1838. The nearest star to us, so far as we know,

is Centauri, the light of which takes four and a half years to reach

us. Not many years ago Pritchard applied photography to this branch

of inquiry. We may therefore expect a still more rapid progress in

the future.

^[Dr. E. von Oppolzer gives the rc'marka])le announcement of a variation of the

brightness of Eros of about one magnitude, the change taking place in a few hours.

—

Nature LXIII, 1901, page 383.]

I
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With reg'ard to masses: We naturally must first know that of the

earth; having- its size, if we can determine its density, the rest follows.

The problem of determining the mean density of the earth has

occupied the minds of many workers during the closing century.

Newton (about 1728) pointed out how it could be deduced by observing

the deviation from the vertical of a plumb line suspended near a large

mass of matter—a mountain—the volume and densit}^ of which could

be previously determined. This method, which is very laborious and

requires the greatest skill and most delicate instruments, has been

employed several times—by Bouguer and Condamine in 1738 at Chim-

borazo; Maskelyne in 1774 at Schehallien, in Scotland, and James at

Arthur's Seat, near Edinburgh.

At the beginning of the century another method was introduced by

Cavendish. This consists in measuring the attraction of two large

spheres of known size and mass, such as two balls of lead on two ver\'

small and light spheres, by means of a torsion balance constructed ])y

Mitchell for this purpose.

The most recent determination by this method, and one which is

considered to give us perhaps the most accurate value, is that which

is due to the skill and ingenuity of Professor Boj's. His improvement

consisted in constructing a most delicate torsion lialance. The attracted

spheres consisted of small gold balls suspended Ijy a quartz fiber car-

rying a mirror to indicate the amount of twist. The whole instrument

was quite small and could easil}" be protected from air currents and

changes of temperature, while the use of the quartz fibers reduced to

a minimum one of the greatest difficulties of the Cavendish experiment.

The value of the mean density of the earth is now considered to be

5.6, which means that if we have a globe of water exactly the same
size as our own earth the real earth would weigh just .5.6 times this

globe of water. The earth\s weight in tons does not convey much
idea, but that it is six thousand trillions may interest the curious.

This determination has enabled the masses of the sun, moon, planets,

and satellites, and many sidereal systems to be accurately known in

relation to the mass of the earth.

SOME ACHIEVEMENTS OF MATHEMATICAL ANALYSIS.

Uranus, a planet unknown to the ancients, was discovered by its

movement among the stars by William Herschel in 1781. It was not

until 1816 that another major planet was added to the solar S3^stem,

and this discovery was one of the sensations of the century.

The story of the independent discovery of Neptune by Adams and
Le Verrier, who were both driven to the conclusion that certain appar-

ent irregularities in the motion of Uranus were due to the attraction of

another body traveling on an orbit outside it, has been often told. The
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subsequent discovery of the external body not far from the place at

which their mathematical analysis had h'd them to believe it would be

seen will forever be regarded as a line triumph of the human intellect.

But the results of the inquiries which now concern us are generally

of not so sensational a character, although they lie at the root of our

knowledge of celestial motions. They more often take the shape of

tables and discussions relating to the movements of the bodies which

make up our j-olar system.

Gauss ma}" be said to have led the way during the present century

b\' his Theorla nwhis cc/rjxjrurii c<X'le><ttuiii nolem airibientium. This was

a worthy sequel to the Mechanique Celeste, in which work, toward

the end of the preceding century, Laplace had enshrined all that was

known on the planetary results of gravitation.

In later years Le Verrier and Newcomb have been among the chief

workers on whom the mantle of such distinguished predecessors has

fallen. From them the planet and satellite tables now in use have

been derived.

But the motion of our own satellite, the moon, has had fascinations

for other analysts besides those we have named.

The problem, indeed, of the moon\s motion is one of the most difS-

cult, and has taxed the ingenuity of astronomers from an early date.

Even at the present day it is impossible to predict the exact position

of the moon at any one moment, owing to inequalities and perturba-

tions the exact varying values of which are not known.

The two most important theories of the motion of the moon, com-

pleted toward the middle of the century, were due to Hansen and

Delaunay. The former's appeared in 1838, the lunar tables being

published later (1857), while the latter's was published in I860.

Hansen's theory had for its chief object the formation of tables. To
avoid the inconvenience of using in his calculations series which slowly

converge he inserted numerical values throughout. In Hansen's solu-

tion the problem is one actually presented by nature, allowance being

made for everv known cause of disturbance. There is one disadvan-

tage, namely, thateshould observations demand a change in an}" of the

constants used there is no means of making any correction in the

results.

Delaunay's theory surmounted this difficulty, but at the expense of

still greater inconvenience for making an ephemeris. The slow con-

vergence of certain series involved an immense amount of labor to give

sufficiently approximate results.

More recently, as the century is closing. Dr. Brown has taken up the

subject and made a fresh attempt to calculate the motion of our satellite.

It may l)e stated that he adopts all Delaunay's modifications of the

problem and works them out algebraically; but there are many tech-

nical differences which it would be out of place to mention here.
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Enoug-h hiis ])oon stilted to .show that there is not likely to l)e any

breach of continuity in the treatment of this most important problem.

Another attack on the moon, and incidentally its motion, has

recently been made b\^ another anah'st—Prof. George Darwin. Grap-

pling with all the consequences of tidal friction, he has been able to

present to us the past and future history of our satellite. Beginning

as a part of the material congeries from which subsequently, some

50,000,000 years ago, both earth and moon, as separate bodies, were

formed, it has ever since been extending its orbit, and so retreating

farther away from its center of motion, while the period of the earth's-

rotation has been increasing at the same time from a possible period

of some three hours when the moon was born to one of 1,-iOO hours

when the day and month will be equal, something- like 150,000,000

3'ears being required for the process.

STELLAR EVOLUTION.

It was only in the eighties, after thousands of observations of the

spectra of stars, nebula, and comets had been secured, that the full

meaning of the revelations of the spectroscope began to dawn upon

the world.

Before the introduction of spectrum anah'sis all stars were supposed

to be suns, and the onh^ difference recognized among them was one of

brilliancy, and the variation of brillianc}^ in the case of some of them.

It ultimately came out that great classes might be recognized b}' the

differences of their spectra, which were ultimately traced to differences

in their chemistr}" and in their temperature, as determined by the

extension of the spectra in the ultraviolet, the whiter stars being-

hotter than the red ones, as a white-hot poker is hotter than a red-hot

poker.

Next there was evidence to show that a large proportion of the stars

were not stars at all like the sun, but swarms of meteorites; and in

this wa}^ the m3\sterious new stars which appear from time to time in

the heavens, and a large number of variable stars, were explained as

arising from collisions among such swarms.

The inquiry which dealt with the spectroscopic results, having thus

introduced the ideas of meteor swarms and collisions to explain many
stellar phenomena, went further and showed that the various chemical

changes observed in passing from star to star might also be explained

by supposing the whole stellar constitution to arise from cool meteoritic

swarms represented by nebulae, the changes up to a certain point being

explained by a rise of temperature due to condensation toward a cen-

ter. Here the new view was opposed to that of Laplace, advanced

during the last century, that the stars were produced by condensation

and cooling; but Kelvin had shown, before the new view was enun-

ciated, that Laplace's view was contrary to thermodynamics, a branch
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of science which had developed since Laplace published his famous

Exposition du Systeme du Monde.

After all the meteorites in the parent swarm had been condensed

into the central gaseous mass that mass h^d to cool. So that we had

in the heavens not only stars more or less meteoritic in structure, of

rising temperature, but stars chiefly gaseous, of falling temperature.

It was obvious that representatives of both these classes of stars might

have nearly the same mean effective temperature and therefore more

or less the same spectrum. A minute inquiry entirely justified these

conclusions.

So far has the detailed chemistry of the stars been carried in the lat-

ter years of the century that the question of stellar evolution has given

rise to that of inorganic evolution generally, the sequence in the phe-

nomena of which can only be studied in the stars, for laboratory work
without stint has shown that in them we have celestial furnaces, the

heat of which transcends that of our most powerful electric sparks.

In this way astronomy is paying the debt she owes to chemistry.

THE SUN AND HIS SYSTEM.

Although the outer confines of space have, as we have seen, been

compelled to bring their tribute of new knowledge by means of the

penetrating power possessed by modern telescopes, and the camera and

spectroscopes attached to them, the stud}^ of the near has by no means

been neglected, and for the reason that in astronomy especially we
must content ourselves in the case of the more distant bodies by sur-

mising what happens in them from the facts gathered in the region

where alone detailed observations are possible.

Thus what we can learn about the sun helps to explain what we dis-

cern much more dimly in the case of stars. A study of the moon's face

we are compelled to take as showing us the possibilities relating to the

surface condition of other satellites so fai" removed from us that they

only appear as points of light.

To begin, then, with the sun. Where a volume might be written a

few words must sufiSce. I have already stated that at the beginning

of the centur}" the prevailing opinion was that it was a habital)le globe.

It was limited to the fier}' ball we see. At the end of the century it

is a body of the fiercest heat, and the ball we see is only a central

portion of a huge and terribly interesting mechanism, the outer por-

tions of which heave and throb every eleven years. Spots, promi-

nences, corona, everything, feel this throbbing.

Although the discovery of spots on the sun was among Galileo's

first achievements, it was reserved for the last half of the present

century to demonstrate their almost perfect periodicit3^

Thanks to the labors of Schwabe, Wolf, Carrington, and De la Rue,

Stewart and Loewy, we now know that ever}^ eleven years the spots
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wax and wane. Tacchina and Ricco, during the last thirty years, have

proved that the prominences follow suit, and the fact that the corona

also obeys the same law was established during the American eclipse

of 1878.

'

The study of solar ph3"sics consists in watching and recording the

thermal, chemical, and other changes which accompany this period.

Some of these effects can be best studied during those times when the

ball itself is covered by the moon in an eclipse. Then the outer por-

tions of the sun are revealed in all their beauty and majesty, and all

the world goes to see.

But it is the quiet daih" work in the laboratory which has enabled

us to study the sun's place in relation to the other stars, and so to

found a chemical classitication of all the stars that shine.

From the sun we may pass to his svstem, and first consider the

nearest bod}" to us—the moon.

While some astronomers have been discussing the movements and

evolution of our satellite, others have been engaged upon maps of its

surface, upon questions dealing with a lunar atmosphere, or a study

of the origin of the present conformations and of possible changes.

The science of selenology may be said to have been founded by

Schroter at the beginning of the century, but it required the applica-

tion of photography in later j^ears to put it on a firm basis. Maps of

the moon have been prepared by Lohrmann, Beer and Madler, and

Schmidt, the latter showing the positions of more than 30,000 craters.

Ver}^ erroneous notions are held by some as to what we may hope to

do in the examination of the moon's surface b}' a powerful telescope.

A power of a thousand enables us to see it as if we were looking at York
from London. It is recorded that Lassell once said that with his largest

reflector in a "fit" of the finest definition he thought he might be able

to detect whether a carpet as large as Lincoln's Inn Fields was round

or square. LTnder these circumstances, then, we may well understand

that the question of changes on the surface has been raised from time

to time never to be absolutely settled one way or the other. By many
the existence of an atmosphere is denied, and this is a condition which

would negative changes, anything like the geological changes brought

about on the surface of the earth, l)ut the idea is now held by many
that there is still an atmosphere, though of great tenuity.

The last few years of the century have been rendered memorable
from the lunar point of view by the publication and minute study of a

most admirable series of photographs of the moon obtained by the great

equatorial Coude of the Paris Observatory by Loewy and Puiseaux.

One of the chief points aimed at has been to determine the sequence of

the various events represented by the rilles, craters, and walled plains,

the mountain ranges and seas. This work is still in progress, the

fourth part of the atlas being published in 1900; bub enough has
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already appeared to indicate that the results of the inquiry when
completed will be of the most important kind. The authors have

already come to the conclusion that the lunar and terrestrial sea bot-

toms much resemble each other, inasmuch as both have convex sur-

faces. The lunar seas began 1)}^ sinking of vast regions; the formidal)le

volcanic eruptions of which the moon has been the scene have taken

place in times equivalent to those labeled "recent" in geological par-

lance. There is evidence that the axis of the moon has undergone

great displacements, and four great periods of change have been made

out. Finall}" they state that there is serious ground to believe that

there is an atmosphere of some sort remaining.

It may readily be understood that with each increase of optical power

new satellites of the various planets have been discovered. Soon after

the discovery of Neptune a satellite was noted by Lassell. In 1846

both he and the eagle-eyed observer Dawes independently discovered

another satellite (Hyperion) of Saturn. Lassell was rewarded in the

next year ])y the discovery of two more satellites of Uranus; but,

strangest observation of all, in 1877 Hall discovered at Washington two

satellites of Mars some 6 or 7 miles only in diameter, one of them

revolving round the planet in seven and one-half hours at a distance of

less than 4,000 miles. As the day on Mars is not far diiferent in dura-

tion from our own, this tiny satellite must rise in the west and south

three times a day.

Wonderful as this discovery was, it is certainly not less wonderful

when we consider it in connection with a passage in Gulliver's Travels,

so true is it that truth is stranger than fiction. Swift, in his satirical

reference to the inhabitants of Laputa, writes: "They have likewise

discovered two lesser stars or satellites, which revolve round Mars,

whereof the innermost is distant from the center of the primary planet

exactly three of his diameters and the outermost five. The former

revolves in the space of ten hours and the latter in twenty-one and a

half."

The last discovery of this kind has been that of an inner satellite of

Jupiter by Barnard in 1892.

The planets from Mercury to Saturn were known to the ancients.

I have alread}" referred to the discovery of Uranus by HerscheFs giant

telescope, not long before the century was born, and of Neptune, by

analysis, toward the end of the first half of the century. With regard

to what modern observations have done in regard to their physical

appearance, the first place in general interest must be given to Saturn

and Mars.

Saturn has always been regarded as the most interesting of the

planetary family on account of its unique rings. Many sul)divisions

of the rings, and a dusky ring, first seen 1)}^ Dawes and Bond, have

been discovered during the last sixty years.
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The metcoritic nature of the rings was sugg-ested by Clerk Maxwell

in 1857, and Keeler's demonstration of the truth of this view by means

of the spectroscope, a few j^ears ago, was brilliant in conception and

execution.

But during the last half of the century the interest centered in Mars
has been graduall}' increasing. The drawings made during the oppo-

sition of 1862, when compared with those made by Beer and Madler

(1830-1810), made it perfectly clear that in this planet we had to deal

with one strangel}^ like our own in many respects. There were obvi-

ously land and water surfaces; the snow at the poles melted in the

summer time; clouds were seen forming from time to time, and the

changing tones of the water surfaces suggested fine and rough weather.

Afterwards came the revelation of the hawk-eyed Schiaparelli, begin-

ning in the j'ear 1877, and his wonderful map of the planet's surface.

The land surfaces, instead of being unbroken, were cut up, as an Eng-

lish farm is cut up by hedges; straight lines of different breadths and

tints crossed the land surfaces in all directions, and at times some of

them appeared double. Schiaparelli naturally concluded that the}'^

were rivers—water channels—and, being- an Italian, he used the appro-

priate word canalL This, unfortunately', as it turned out, was trans-

lated canals. Now canals are dug, ergo there were diggers. From
this the demonstration not of the habitabilit}'^, but of the actual habi-

tation, of Mars was a small step, and the best way of signaling to

newly found kinsmen across some 30,000,000 miles of space was
discussed.

The world of science owes a debt of gratitude to Mr. Percival

Lowell for having taken out to the pure air and low latitude of Ari-

zona an 18-inch telescope for the sole purpose of accumulating facts

tending to throw light upon this newly raised question. This he did

in 1891. Schiaparelli has continued his magnificent observations

through each opposition when the planet is most favorably situated

for observation, and since 1896 Signor Cerulli, armed with a 15-inch

Cooke, in the fine climate of Italy, has joined in the inquiry, so that

facts are now being rapidly accumulated. It has been stated that

markings similar to the strange so-called "canals" on Mars are to be

seen on Mercury, Venus, and even on the satellites of Jupiter. Mr.
Percival Lowell does not hesitate to proclaim himself in favor of their

being due, in Mars, to an intelligent system of irrigation. Signor

Cerulli claims that wherever seen they are mere optical effects. We
may be well content to leave to the next century a general agreement
on this interesting subject.

Finally, in our survey of our own system come comets and meteor
swarms. One of the most fruitful discoveries of the century, that

comets are meteor swarms, we owe to the genius of Schiaparelli,
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A. H. Newton, and other workers on those tiny celestial messengers

which give rise to the phenomena of '"'' falling" or ' shooting" stars.

The magnificent displays of 1799, 1833, 1866, and, alas, that which

failed to come in 1899, we now know must be associated with Tempel's

comet. This is by no means the only case so far established. The
connection will in the future be closer still when the orbits of the

various swarms observed throughout the year shall l)e better known.

Comets which attract public attention by their brightness and

grandeur of form are rather rare, and, in fact, only twenty -live

of such have been seen since 1800. We have, however, with the

great advance in instrumental equipment, l^een able to discover man}^

which are scarcely visible to the naked eye, and this has swollen the

number of comets very considerably. In the seventeenth century we
find that only thirty-two were observed, while in the eighteenth this

number was more than doubled (seventy-two). This century more

than three hundred have been placed on record, which is practically

more than four times the number seen last centur3\

The last great comet visible any considerable time was that discov-

ered by Donati in 1858 and so carefully observed by Bond. It is

unfortunate that since the importance, in so many directions, of spec-

troscopic observations of comets has been recognized they have been

conspicuous by their absence.

THE CONNECTION BETWEEN SOLAR AND TERRESTRIAL WEATHER.

Everybody agrees that all the energy utilized on this planet of ours,

with the single exception of that supplied by the tides, comes from

the sun. We are all familiar with the changes due to the earth's daily

rotation, l)ringing us now on the side of our planet illuminated by the

sun, then plunging us into darkness. That changes of season must

necessarily follow from the earth's yearly journeA^ round the sun is

universally recognized.

On the other hand, it is a modern idea that those solar phenomena
which prove to us considerable changes of temperature in the sun

itself ma}^ and, indeed, should, bo echoed by changes on our planet,

giving us thereb}^ an eleven-year period to be considered as well as a

year and a day.

This response of the earth to solar changes was first observed in

the continuous records of those instruments which register for us the

earth's magnetism at any one place. The magnetic effects were

strongest when there were more spots, taking them as indicators of

solar changes. Lamont first, without knowing it, made this out at the

beginning of the latter half of the century (1851) from the Gottingen

observations of the daily range of the declination needle. Sabine,

the next year, not only announced the same cycle in the violence of

I
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the "magnetic storms"' observed at Toronto, luit at once attributed

them to solar influence, the two cycles running concurrently. It is

now universally recognized that terrestrial magnetic efl'ects, including

auroraj, minutely echo the solar changes.

The eleven-year period is not one to be neglected.

Next comes the inquiry in relation to meteorology. Sir William

Herschel, in the first year of the century, when there were practically

neither sun spot nor rainfall observations available, did not hesitate to

attack the question whether the price of wheat was affected by the

many or few spot solar condition. He found the price to be high

when the sun was spotless, and vice versa.

By 1872, however, we had both rainfall and sun-spot observations,

and the cycle of the latter had been made out. Meldrum, the most

distinguished meteorologist living at the time, and others pronounced

that the rainfall was greatest at sun-spot maximum, and, further, that

the greatest number of cyclones occurred in the East and West Indies

at such times.

This result with regard to rainfall was not generally accepted, but

Chambers showed shortly afterwards an undoubted connection between

the cycles of solar spots and barometric pressure in the Indian area.

By means of a study of the widened lines observed in sun spots an

attempt has been recently made to study the temperature history of

the sun since about 1877, and the years of mean temperature and when
the heat was in excess (+) and defect (— ) made out have been as

follows:

HEAT CONDITION.

Mean.
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surrounding the Indian Ocean to the south and east. This was found

to be the case.

A wider inquir}^ was followed, we are told, with equal success, so

that we are justilied in hoping that the question of the dependence of

terrestrial upon solar weather has made a step in advance.

But just as the general public and practical men took little heed of

the connection between sun spots and magnetism utitil experience

taught them that telegraphic messages often could not "get through"

when there were many sun spots, so the same public will not consider

the connection in regard to meteorology unless the forecasting of

droughts and famines be possible.

The recent work suggests that if the recent advances in solar physics

be considered, the inquiries regarding rainfall may be placed on a

lirmer basis than they could possibly have had in 1872 and that such

forecastings may become possible.

What was looked for in 1872 was a change in the quantity of rain at

maximum sun spots only, the idea being that there might be an effect-

ive change of solar temperature, either in excess or defect, at such

times, and that there would ])e a gradual and continuous variation

from maximum to maximum.
We see that the rainfalls referred to above justify the conclusions

derived from tht' recent work that two effects ought to be expected in

a sun-spot cycle instead of one. There was excess of rainfall, not

only near the sun-spot maximum, but near the mininnim.

If the authors of this communication to which I refer are right,

then droughts and famines occur in India because the rain pulses,

which are associated with the solar heat pulses, are of short duration.

When the}' cease, the quantity of rain which falls in the Indian area

is not sufficient, without water storage, for the purposes of agricul-

ture. They are followed, therefore, by droughts, and at times subse-

quently by famines. They divide the period 1877-1889 as under:

[1877.
Rain from — pulse 1 1878.

[1879 (part).

[1879 (part).

No rain pulse < 1880 (central year).

[1881 (part).

[1881 (part).

Rain from + pulse <^ ooo'

[1884 (part).

[1884 (part).

No rain pulse I -looaf (central years).

Il8'87 (part).

[1887 (part).

Rain from — pulse ...A 1888.

1889.



PEOGEESS IN ASTEONOMY. 147

Their statement is based on the fact that all the famines which have

devastated India for the last seventy years have occurred at intervals

of eleven years or thereabouts, M'orking IjackAvard and forward from

the central years 1880 and 1885-86 in the above table, the middle

years, that is, between the pulses.

Mr. Willcocks, in a paper read at the Meteorological Congress at

Chicago, remarked that ""famines in India are generally 3'ears of low

flood in Egypt."

It is now pointed out that the highest Niles follow the years of the

+ and — pulses, as does the highest rainfall in the Indian area.

Even if these results, which were communicated to the Royal Soci-

ety of London five weeks before the end of the century, be confirmed,

it ma}' be pointed out that Sir William HerscheFs suggestion of 1801

will have required a whole century for its fulfillment, so slowly do

those branches of science move which have not already led to some
practical development.





A PRELIMINARY ACCOUNT OF THE SOLAR ECLIPSE OF
MAY 28, 1900, AS OBSERVED BY THE SMITHSONIAN
EXPEDITION/

By S. P. Langley.

Parti}" in deference to the report of the United States Weather

Bureau, from which it appeared that the chance of a fair eastern sky

on the morning of the eclipse was about 8 to 1, and after examination

by Mr. Abbot of many stations in North Carolina, Wadesboro, of that

State, was selected early in April as the site of the Smithsonian obser-

vations. The advantages of Wadesboro being also recognized by Pro-

fessor Young, of Princeton, Professor Hale, of Yerkes Oljservatory,

and the Rev. J. M. Bacon, of the British Astronomical Association, it

came about that four large observing parties, besides several smaller

ones and numerous excursionists from the surrounding country, were

all joined to produce at Wadesboro one of the largest company of

eclipse observers ever assembled for scientihc purposes. It is a matter

for congratulation that the sky at Wadesboro upon the day of the

eclipse was cloudless and clearer than the average, so that the efforts

of the observing forces were not thwarted b}^ any circumstances beyond

their control. The provisions of the mayor and authorities of Wades-

boro for preventing intrusion before and during the eclipse, and thus

securing an undisturbed field of operations, deserve especial recogni-

tion. Further than this, the many acts of courtes}'^ and hospitality to

the visiting astronomers on the part of the townspeople will long be

remembered by the recipients.

The Smithsonian party proper consisted of thirteen observers, and

included Mr. Langley, Mr. Abbot, aid acting in charge of the Smith-

sonian Astrophysical Observatory; Mr. Smillie, in charge of photog-

raphy; Mr. Putnam, of the United States Coast Survey, Mr. Fowle,

Mr. Mendenhall, Mr. Child, Mr. Draper, Mr. Gill, Mr. Kramer, and

Mr. Smith. Included with these the Rev. Father Searle and the Rev.

Father Woodman gave most valuable assistance. Mr. Hoxie, of Port

Royal, S. C, and Mr. Little, of Wadesboro, rendered valued assist-

ance to Mr. Putnam during totality.

1 Reprinted from Science, Vol. XI, No. 286, June 22, 1900.
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Professor Hale, of the Yerkes Observatory, was a member of the

party, while still in general charge of the Yerkes expedition, and his

counsel and aid were of the greatest service. Mr. Clayton, of Blue

Hill Meteorological Station, occupied a part of the grounds of the

Smithsonian party.

The main object of the investigation was, of course, the corona, and

of this (first) a photographic and visual study of its structure, with

(second) a determination bj' the bolometer Avhether appreciable heat

reaches us from it, and, if possible, an examination of the form of its

spectrum energy curve.

The writer had been particularly struck, when observing the eclipse

of 1878, on Pikes Peak, b}- the remarkable definiteness of filamentary

structure close to the sun's limb, and had never found in any photo-

graphs, not even in the excellent ones of Campbell taken at the Indian

eclipse of 1898, anything approaching what he saw in the few seconds

which he was able to devote to visual observations at the height of

14,000 feet. His wish to examine this inner coronal region with a

more powerful photographic telescope than any heretofore used upon

it was gratified by the most valued loan, b}^ Prof. E. C. Pickering, of

the new 12-inch achromatic lens of 135 feet focus just obtained for the

Harvard College Observatory. This lens, furnishing a focal image of

more than 15-inch diameter, was mounted so as to give a horizontal

beam from a coelostat clock-driven mirror by Brashear, of 18-inch

aperture, and used with 30-inch square plates. To supplement this

great instrument, a 5-inch lens of 38 feet focus, loaned by Professor

Young, was pointed directly at the sun. This formed images upon 11

by 11 inch plates moved in the focus of the lens by a water clock.

Specially equatorially mounted lenses of 6, 4, and 3 inch aperture,

driven by clockwork, were provided for the study of the outer corona,

and the search for possible intramercurial planets.

For the bolometric work the massive siderostat, with its IT-inch

mirroi', with a large part of the delicate adjuncts employed at the

Smithsonian Institution in recent j^ears to investigate the sun's spec-

trum, was transported to Wadesboro. The excessively sensitive gal-

vanometer reached camp without injury even to its suspending fiber,

a thread of quartz crystal one fifteen-thousandth of an inch in diameter.

Besides these two chief aims (the photography and bolometr}^ of the

inner corona), several other pieces of work were undertaken, including

the automatic reproduction of the "flash spectrum" by means of an

objective prism with the 135-foot focus; the photographic stud}^ of

the outer coronal region, including provision for recognizing possible

intramercurial planets, already alluded to, visual and photographic

observations of times of contact, and sketches of the corona, both

from telescopic and naked-eye observations.
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The assignment of the observers was as follows : Mr. Langley, in

g-eneral charge of the expedition, observed with the same 5-inch tele-

scope used b}" him on IMkes Peak in 1ST8, which was most kindly

lent for this special comparison by the United States Naval Obser-

vatory; C. G. Abbot, aid acting in immediate charge, assigned with

C. E. Mendenhall to the bolometer; T. W. Smillie, having general

direction of the photographic work, made exposures at the 135-foot

telescope; F. E. Fowle, jr., assigned to 38-foot telescope; Father

Searle, directing the assembled telescopes for the outer coronal

region, and for intramercurial planets, assisted by P. A. Draper and

C. W. B. Smith, exposed two cameras of 3-inch aperture and 11-foot

focus, and two of -li-inch aperture and 3^ feet focus; all four of these

telescopes being mounted on a single polar axis driven by an excellent

clock; De Lancey Gill, assisting Mr. Smillie, removed the flash spectrum

objective prism at second contact, and made a single long exposure

with a 6-inch photographic lens of 7i feet focus equatoriall}' mounted;

Assistant G. R. Putnam, who, by the kindness of the Superintendent

of the United States Coast Survey, was detailed for latitude,' longi-

tude,^ and time observations, also observed contacts, directed the strik-

ing of signals by Mr. Little, and rendered other valuable services.

Mr. Putnam was assisted in recording contacts by Mr. Hoxie. R. C
Child, observing with a 6-inch telescope of T^ feet focus, made sketches

with special references to inner coronal detail, and was, in addition,

charged with all electrical circuits for chronograph and automatic

photographic apparatus. Father Woodman, with a 3|^-inch telescope,

observed contacts and made sketches.

The lirst detachment, consisting of Messrs. Abbott, Fowle, Kramer
(instrument maker), and Smith (carpenter), reached Wadesboro May
4, and were soon joined by Messrs. Draper and Putnam. The latter

returned to Washington after a short but satisfactory latitude and

longitude campaign, reaching Wadesboro again just before the eclipse.

Other members of the party reached camp on and after the middle of

the month. The first comers found a very satisfactor}- shed already

erected and piers begun. Not a day passed, from the time of the arrival

of the apparatus. May 7, to the day before the eclipse, that was not

fully occupied in perfecting the arrangements.

The most striking portion of the installation was the line beginning

at the northwest pier, with its equatorial and coelostat, continued from

thence south of east by the two great diverging tubes of the 135-foot

telescope and spectroscope. These tubes were covered with white

canvas, presenting the appearance of two immensely prolonged A tents,

ending beyond the photographic house, where the 38-foot telescope

tube pointed east and upward at an angle of 42^ with the horizon.

When the equatorial, with its large special conical-tube camera, with

^ 34° 57' 52^' N. '^ 5" 20'» 17. 8« W.
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all this long branching extent of white canvas ending in the uplifted

tube of the 38-foot telescope, was seen in the light of the moon, the

extensive field, with its preparations, exhibited a still more picturesque

scene than })v day.

Less imposing, and. perhaps more imgainlj^, was the combination of

four great cameras under the main shed, designed to search for new

planets and to depict the outer corona. These might well be described

as like a cabin and an outbuilding, mounted on a polar axis, 3'et

despite their awkward proportions thev were made to follow very

accurately.

The morning of the eclipse dawned cloudless and very fairly clear.

Deep blue sky, such as the writer had seen on Pikes Peak, of course

is not among the ordinary possibilities of an eclipse, but the milkiness

of the blue was less pronounced than is usual in the summer season,

and all felt that the seeing promised well.

At fifteen minutes before totality a series of rapid strokes on the

bell called ever3'one to his post, and one minute before the expected

contact five strokes were given as a final warning. Coincidently with

the actual observation of the second contact by Mr. Putnam, the first

of two strokes upon the. bell sounded, and the work began. After

eighty-two seconds (the duration of totality from the Nautical Almanac

was ninety-two seconds) three strokes were given as a signal to stop

the long photographic exposures. Scarcel}^ more than five seconds

after this the sun's crescent reappeared. The duration of totality as

observed by jVIr. Putnam was approximately eighty-eight seconds.

To visual observers the sky was notably not a dark one. No second

magnitude stars were observed with the naked eye, and most of the

on -lookers saw only Mercury conspicuously, though Venus was distin-

guished at a low altitude, and Capella also was seen. So high a degree

of sky illumination can not liut have operated unfavorablj" in the study

of the outer corona or in the search for intramercurial planets, and

this is to be remembered in connection with what follows.

BEFORE TOTALITY.

A deepened color in the sky, a fall of temperature, and a rising

breeze were distinctly noticeable. No change in direction of the wind

was noticed. Shadow bands were seen, but those who attempted to

measure their velocity found them too rapid and flickering for any

great exactness in this determination. There was tolerable unanimity

among independent observers as to their size and distance apart (about

5 inches), though some thought this less as totality approached.

It was noticed that the birds grew silent just before and during

totality, but, true to their nature, the English sparrows were last to

be still and first to begin their discussion of the eclipse after the return

of light.
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DURING TOTALITY.

The attention of all visual observers was at once caught by the equa-

torial streamers. Father Woodman's comparison of the appearance to

a structure of mother-of-pearl was generally recognized as good, but

different observers differed on the color estimate. A yellowish-green

tinge was noticed by the artist of the party, Mr. Child, while to others

the light was straw-colored or golden.

The general coronal form, to the naked eye, was nearly that of the

small annexed photograph, which, though taken by one of the smaller

objectives, gives a good view of the relative intensities. The same

extensions of the equatorial corona could be followed by the naked eye

from 3 to 3^ solar diameters.

The visual telescopic observations of tue writer gave little indication

of the linely divided structure of the inner corona which he had noticed

at Pikes Peak. Structure, to be sure, was evident, ))ut not in such

minute subdivision as had then been seen, and though one remarkable

prominence as well as several smaller ones was visible, the coronal

streamers did not give to the writer the impression of being connected

with these prominences, though the relationship of some of them to

the solar poles was abundantly manifest.

AFTER TOTALITY—RESULTS.

Comparing notes after totality, all observers reported a successful

carrying out of the programme. The greatest interest centers in the

dirc'-t coronal negatives taken with the 135-foot telescope. Mr. Smillie

exposed six 30 by 30 inch plates during totality, with times ranging from

one-half a second to sixteen seconds, and three others were exposed by
him immediately after the third contact.

At this writing only a part of the negatives taken have been devel-

oped. Their general quality maj' be inferred from the examples here

given, after due allowance for the great loss suffered by translation on

to paper, even with the best care.^

Plate I is a view taken with one of the smaller objectives (6 inches),

given here to afford the reader an idea of the general disposition of

the coronal light. The upper part is the vertex in the inverted held.

Plate II is a portion of one of the great 15-inch circular images

obtained with the 135-foot focus telescope. It was obtained in the

great disk in the last exposure during totality of 8 seconds, showing
one of the principal prominences then on the sun's disk, with a dispo-

sition of the lower filaments near it.

Plate III is a portion of the same set of plates, but taken with a

sixteen-second exposure. The part near the sun has, of course, been

^ The illustrationa here are later than those provided for Science, and are repeated

here for the readers anew, though already given on pages 104, 105 of the Secretary's

report in this volume, where others will be found.
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intentionull}" over-exposed, in order to better exhibit tlie romarkal)le

polar streamers, extending here to a distance of about six minutes

from the sun, but still further in Mr. Child's telescopic drawing (not

given).

Plate IV is a view of a small part of the apparatus on the field,

including the terminus of the 135-foot horizontal tube with its canvas

covering, which has been described as like an extended A tent. The
photographic room is seen at the end of the tube and beyond that the

tube containing the lens loaned by Professor Young, pointing directly

skyward. In the immediate foreground is the 5-inch equatorial.

That it will be impracticable to give here all of the disk of the moon
in the large photographs will be evident when it is considered that the

lunar circumference on each plate is about tt feet; but it will be inferred

from the examples that the prominences and polar streamers, as well

as their features, appear in imposing magnitude and detail.

Many of what it is hoped will be. most interesting photographs still

await development, but Mr. Smillie's thorough preparation is promis-

ing adequate results.

HEAT OF CORONA.

Mr. Abbot, with the aid of Mr. Mendenhall, appears to have meas-

ured the heat of the corona, and in spite of previous efiorts this is

probably the first time that it has been really shown to exist. For

five minutes before second contact the bolometer was successfully

exposed to the region of the sky close to the narrowing crescent of the

sun where the corona was shortly to appear. A diaphragm was inter-

posed in the beam having an aperture of onl}" O.-l square centimeter,

and deflections rapidly diminishing from 80 to 6 millimeters were

obtained, the last being about fort}" seconds before totalit3^ Then the

diaphragm was opened to 290 square centimeters and a negative deflec-

tion of 13 millimeters was observed after totality, where these positive

deflections had just been found, showing that the corona was actually

cooler than the background which had been used at the room tempera-

ture. Next the black surface of the moon was allowed to radiate upon

the bolometer, and the still larger negative deflection of 18 millimeters

was observed.^

^ Additional note, April, 1901.—It will be observed that three fundamental observa-
tions were taken, (1) on a screen of dark cardboard of the temperature of the bolom-
eter

; (2) on the dark body of the moon, and (3) on the inner corona. There was
unfortunately not tin:ie to take a fourth on the sky near the corona, which was desir-

able though not indispensable.
These three observations give the following readings: The one on the screen was

arbitrary, and calling it zero, that on the dark moon was minus 18, and that on the
inner corona was minus 13. The sky radiation during the last two in neighboring
regions is taken as equal. The algebraically increased reading for the coronal radia-

tion, then, was probably due to this radiation being superposed on that of the sky.

Since the eclipse the bolometer has been set ou a screen of its own temperature,
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The important result was that the corona gaxe a positive indication

of heat as compared with the moon.

This heat, though certain, was, however, too slight to be subdivided

b}" the dispersion of the prism with the means at hand.

The negatives taken to depict the outer corona show from three to

four solar diameters extension for the longest streamers. The equa-

torial "wings" as they recede from the sun are finally lost in an illu-

minated sky, without an}^ indication of having actually come to an end.

No attempt to carefully examine the plates taken for intramercurial

planets has yet been possible. It is, however, as has been remarked,

doubtful if very faint objects will be found, in consideration of the

considerable sky illumination during totality. However, Pleione in

the Pleiades (a star of the 6.3 magnitude) is plainly seen on one of the

plates and some smaller ones are descernible.

On the whole, the expedition may be considered as promising to be

very satisfactory in its results, and that it was so is largely owing not

only to the efficient care of IVIr. Al)bot, but to the many gentlemen

who have assisted me with the loan of valuable apparatus, with coun-

sel, with voluntary service, and with painstaking observation, to one

and all of whom I desire to express my obligations.

Smithsonian Institution,

Washington, D. C, Junp 9, 1900.

giving zero ; on the bright moon, giving phis 55, and on the night sky near the
moon, giving minus 30.

From my study of the visual photometric observations made at Pikes Peak in 1878
and at other places, it appears that the average visual brightness of the port ion (if the
corona covering the bolometer at Wadesboro was approximately equal to that of the
full moon.
We infer, then, that the full moon being of the average brightness of the observed

portion of the inner corona, the bolometric effect of its visual radiation may be sup-

posed to be equal to that of the corona, but the observations above recorded show
that the total radiations from the moon being 50 plus 30, or 80 bolometric divisions,

are 16 times as great as the radiations from the inner corona, being only 5 (i. e., — 13

+18) sucli divisions, and hence it may be supposed that the corona lacks that large

amount of infrared radiation which is jiroper to the moon's spectrum.
The moon's spet-trum, however, is that of a heated solid body, and all heated solid

bodies, and heated gaseous bodies as well, send to the bolometer large amovmts of

infrared radiation. So far, then, we might conclude that the inner corona has not
the radiations of a hot solid or gaseous body, but owing to the lack of a contempo-
rary measure of the sky radiation just outside the corona, and of a full knowledge
of the influences that the atmospheric radiations proper would have on our ability

to discriminate this radiation, the above conclusions, though highly probable, are
not presented as being absolutely final, and it is hoped to repeat them at the forth-

coming eclipse in May, 1901. (S. P. L.

)





NOTES ON MARS.

The following article by Sir Robert Ball, which appeared as long ago

as 1893, is republished on account of its clear, untechnical statement

of a proposed theoretical means for determining if Mars has or has not

an atmosphere, which has been lately the subject of much discussion,

for, since it appeared, this interesting theory of Mr. Johnstone Stone}^

has received different interpretations, and some of these are adverse

to the belief in a Martian atmosphere.

It is, indeed, probable, from observation, that there is little atmos-

phere, or at least little like our own, and it is doubtful whether there is

water or snow, but observations are not consistent, and the question

must be considered as still debatable. The conclusions of Mr. Stoney,

are not, however, universally accepted. For instance, Mr. Cook, in

the Astrophysical Journal for January, 1900, using other assumptions,

comes to the conclusion that, although Stoney's result for the moon
may be true, that j^et the earth and the major planets might not only

retain an atmosphere of nitrogen and oxygen, but also of hydrogen
and helium.—S. P. L.

I. Mars.'

By Sir Robeet S. Ball, F. R. S.

* * * From one cause or another it happens that Mars is the most
worldlike of all the other globes which come within the range of effective

observation. It would, indeed, be very rash to assert that other bodies

may not have a closer resemblance to our earth than Mars has, but of

them we have either little knowledge, as in the case of Venus, or no

knowledge at all. No doubt both Jupiter and Saturn can vie with Mars
in the copiousness of detail with which they delight the astronomers

who study them. These grand planets are deserving of every attention,

but then the interest they excite is of a wholl}'' different kind from that

which makes a view of Mars so attractive. Jupiter offers us a meteoro-

logical study of the most astounding cloud system in creation. Saturn

gives an illustration of a marvelous dynamical system, the like of which

would never have been thought possible had it not actually presented

^ From Publications of the Astrononiical Society of the Pacific, January 28, 1893,

vol. 5, No. 28. Reprinted (with omissions) from Goldthwaite's Geographical Maga-
zine for December, 1892.
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itself to our notice. But the significance of Mars is essentially derived

from those points of resemblance to the earth which are now engrossing

attention. Mars is clearlj" a possible world, presenting both remarkable

analogies and remarkable contrasts to our own world, and inducing us

to put forth our utmost endeavors to utilize so exceptional an occasion

as that presented in the close approach which it has now made. Let us

see what we have learned about this globe.

In the first place, it should be noticed that Mars must be a small world

in comparison with our own. The width of this globe is only 4,200

miles, so that its volume is but the seventh part of that of the earth.

The weight of Mars is even less than what might have been expected

from his bulk. It would take nearly ten globes, each as heavy as Mars,

to form a weight equal to that of the earth. This fundamental differ-

ence in dimensions between Mars and our globe is intimately connected

with certain points of contrast which it offers to the earth. Of these

the most important i,s that which concerns the atmosphere. When we
consider the qualification of a globe as a possible abode for organic

beings, it is natural to inquire first into the presence or the absence of

an atmosphere. Seeing that our earth is enveloped b}^ so copious a

shell of air, it follows that the beings which dwell upon its surface

must be specially adapted to the conditions which the atmosphere im-

poses. Most, if not all, animals utilize this circumstance b}" obtaining

a proximate source of energj^ in the union of oxygen from the atmos-

phere with oxidizable materials within their bodies. In this respect

the atmosphere is of such fundamental importance that it is difficult

for us "to imagine what that type of life must be which would be fitted

for the inhabitants of an airless globe. In other respects, which are

hardly less important, the conditions of life are also dependent on the

fact that we live at the bottom of an ocean of air. It is the atmos-

phere which, to a large extent, mitigates the fierceness with which the

sun's ra3'S would beat down on the globe if it were devoid of such i^a'o-

tection. Again, at night, the atmospheric covering serves to screen

us from the cold that would otherwise be the consequence of unre-

stricted radiation from the earth to space. It is, therefore, obvious

that the absence of a copious atmosphere, though perhaps not abso-

lutely incompatible with life of some kind, must still necessitate tj^pes

of life of a wholl}" different character from those with which we are

familiar. In attempting, therefore, to form an estimate of the proba-

bility of life on another world it is of essential importance to consider

whether it possesses an atmosphere. * * *.

Modern research has demonstrated that what we call a gas is in truth

a mighty host of molecules far too small to be perceptible by the most

powerful microscope. Each of these molecules is animated by a rapid

movement, which is only pursued for a short distance in one direction

before a rencontre takes place with some other molecule, in consequence
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of which the directions and velocities of the individual molecules are

continually changing-. For each gas the molecules have, however, a

certain average pace, which is appropriate to that gas for that temper-

ature, and when two or more gases are blended, as in our atmosphere,

then each molecule of the constituent gases continues to move with its

own particular speed. Thus, in the case of the air, the molecules of

ogygen, as well as the molecules of nitrogen, tire each animated by

their characteristic velocity, and the same ma}^ be said of the molecules

of carbonic acid or of anj' other gas which in more or less abundance

may happen to be diffused through our air. For two of the chief

gases the average velocities of the molecules are as follows: Oxygen,

a quarter of a mile per second; hydrogen, 1 mile a second; in each

case the temperature is taken to be 64° C below zero, being presuma-

bh" that at the confines of the atmosphere. It will be noticed that

there is a remarkable difference Ijetween the speeds of the two mole-

cules here mentioned. That of hydrogen is by far the greatest of any

gas.

We may now recall a fundamental fact in connection with an}^ celes-

tial body, large or small. It is well known that with the most power-

ful pieces of artillery that can be forged a projectile can be launched

with a speed of about half a mile per second. If the cannon were
pointed vertically upward, the projectile would soar to a great eleva-

tion, but its speed would gradually abate, and the summit of its jour-

ne}' would be duly reached, after which it would fall back again on the

earth. Such would undoubtedh' be the case if the experiment were

made on a globe resembling our own in size and mass. But on a globe

much smaller than the earth, not larger, for instance, than are some
of the minor planets, it is certain that a projectile shot aloft from a

great Armstrong gun would go up and up and would never return.

The lessening gravitation of the bod}- would fail to recall it. Of
course we are here reminded of Jules Verne's famous Columbiad.

According to that philosopher, if a cannon were pointed verticalh" and
the projectile were discharged with a speed of T miles a second, it

would soar aloft, and whether it went to the moon or not, it would at

all events not return to the earth except by such a marvelous series of

coincidences as those which he has described. But the story will, at

all events, serve to illustrate the fact that for each particular globe

there is a certain speed with which if a body leaves the globe it will

not return.

It is a singular fact that hydrogen in its free state is absent from
our atmosphere. Doubtless many explanations of a chemical nature

might be offered, but the argument Dr. Stone}^ has brought forward
is most interesting, inasmuch as it shows that the continued existence

of hydrogen in our atmosphere would seem to be impossible. No
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doubt the average speed at which the molecules of this gas are hurry-

ing' about is only 1 mile a second, and therefore onl}^ a seventh of the

critical velocity required to project a missile from the earth so as not

to return. But the molecules are continually changing their velocity,

and may sometimes attain a speed which is seven times as great as the

average. Suppose, therefore, that a certain quantit}^ of hydrogen

were diffused through our air. Every now and then a molecule of

hydrogen in its wandering would attain the upper limit of our atmos-

sphere, and then it would occasionally happen that with its proper

speed it would cross out into space beyond the region b}' which its

movements would be interfered with by the collisions between other

atmospheric molecules. If the attraction of the earth were sufficient to

recall it, then, of course, it would duly fall back, and in the case of

the more sluggishly moving atmospheric gases the ^'elocity seems

always small enough to permit the recall to ]je made. But it happens

in the case of hj^drogen that the velocity with which its molecules are

occasionall}^ animated rises beyond the speed which could l^e controlled

by terrestrial gravity. The consequence is that every now and then

a molecule of hydrogen would succeed in bolting away from the earth

altogether and escaping into open space. Thus it appears that every

molecule of free hydrogen which happened to be present in an atmos-

phere like ours would have an unstable connection with the earth, for

wherever in the vicissitudes of things it happened to reach the very

uppermost strata it would be liable to escape altogether. In the

course of uncounted ages it would thus come to pass that the particles

of hydrogen would all effect their departure, and thus the fact that

there is at present no fi?ee hj^drogen in the air over our heads may be

accounted for.

If the mass of the earth were very nuich larger than it is, then the

velocities with which the molecules of hydrogen went their Avay would

never be sufficiently high to enable them to quit the earth altogether,

and consequently we might in such a case expect to find our atmos-

phere largely charged with hydrogen. Considering the vast abundance

of hydrogen in the universe, it seems highly probable that its absence

from our air is simply due to the circumstances wo have mentioned.

In the case of a globe so mighty as the sun, the attraction which it

exercises, even at the uppermost layers of its atmosphere is so intense

that the molecules of hydrogen never attain pace enough to enable

them to escape. Their velocity would have to be much greater than

it ever can be if they could dart away from the sun as they have done

from the earth. It is not, therefore, surprising to find hydrogen in

the solar atmosphere. In a similar manner we can explain the abun-

dance with which the atmospheres of other massive suns like Sirius or

Vega seem to be charged with hydrogen. The attraction of these vast
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globes is sufficiently potent to retiiiu even un atmosphere of this subtle

element. * * *

The discussion we have just g-iven will prepare us to believe that a

planet with the size and mass of Mars may be expected to be encom-

passed with an atmosphere. Our telescopic observations completely

bear this out. It is perfect!}" certain that there is a certain shell of

gaseous material investing Mars. This is shown in various waj^s. We
note the gradual obscuration of objects on the planet as they approach

the edge of the disk, where they are necessarily viewed through a

greatly increased thickness of Martian atmosphere. We also observe

the clearness with which objects are exhibited at the center of the disk

of Mars, and though this may be in some measure due to the absence

of distortion from the effects of foreshortening, it undoubtedly arises

to some extent from the fact that objects in this position are viewed

through a comparativel}' small thickness of the atmosphere enveloping

the planet. Clouds are also sometimes seen apparently floating in the

upper region of Mars. This, of course, is possible only on the suppo-

sition that there must be an atmosphere which formed the vehicle by
which clouds were borne along. It is, however, quite obvious that the

extent of the Martian atmosphere must be quite insignificant when
compared with that by which our earth is enveloped. It is a rare cir-

cumstance for any of the main topographical features, such as the out-

lines of its so-called continents or the coasts of its so-called seas, to be

obscured by clouds to an extent which is appreciable except by very

refined observations. Quite otherwise would l^e the appearance which

our globe would present to any observer who would view it, say, from
Mars or from some other external world at the same distance. The
greater part of our globe would seem swathed with vast clouds, through

which only occasional peeps could be had at the actual configuration

of its surface. I dare say a Martian astronomer who had an observa-

tory with sufficient!}" good optical appliances and who possessed suffi-

cient patience might, in the course of time, b}^ availing himself of

every opportunity, gradually limn out a chart of the earth which would
in some degree represent that with which we are familiar in our atlases.

It would, however, be a ver}'^ tedious matter, owing to the interrup-

tions to the survey caused by the obscurities in our atmosphere. The
distant astronomer would never l)e able to comprehend the whole of

our earth's features in a bird's-eye glance, as we are able to do with

those features on that hemisphere of Mars which happens to be turned

toward us on a clear night.

As to what the composition of the atmosphere on Mars may be we
can say but little. In so far as the sustenance of life is concerned, the

main question, of course, turns on the presence or the absence of oxy-

gen. It may be pertinent to this inquir}" to remark here that a globe

SM 1900 11
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surrounded by air ma}^ at one epoch of its career have free ox^ygen as

an ingredient in its atmosphere, while at other epochs free oxygen

may be absent. This may arise from another cause besides the pos-

sible loss of the gas by diffusion into space from small globes in the

manner already explained. Indeed, it seems quite probable that the

oxygen in our own air is not destined forever to remain there. It

passes through various vicissitudes by being absorbed by animals and

then restored again in a free state under the influence of vegetation.

But there is an appetite for oxygen among the inorganic materials of

our globe which seems capable of using up all the oxygen on the globe

and still remain unsatisfied. We have excellent grounds for believing

that there is in the interior of the earth a quantity of metallic iron

quite sufficient to unite with all the free oxj^gen of the air, so as to form

oxide. In view of the eagerness with which oxygen and iron unite

and the permanence of the compound which they form, it is impos-

sible for us to regard the presence of oxygen in the air as represent-

ing a stable condition of things. It follows that, even though there

may be no free oxygen in the atmosphere of Mars, it is by no means

certain that this element has always been absent. It is, however, not

at all beyond the reach of scientific resources to determine what the

actual composition and extent of the atmosphere of Mars may be,

though it can hardly be said that as yet we are in full possession of the

truth.

An almost equally important question is as to the telescopic evidence

of the presence of water on Mars. Here again we have to be reminded

of the fact that even at present, when the planet is relativel}^ so near us,

it is still actually a very long way off. It would be impossible for us

to sa}^ with certainty that an extent which by its color and general ap-

pearance looked like an ocean of water was reall}^ water, or was even

a fluid at all. It is so easy to exaggerate the capabilities of our great

telescopes that it maj^ be well to recount what is the very utmost that

could be expected from even our greatest instrument when applied to

the study of Mars. Let us consider, for example, the capabilities of

the Lick telescope in aiding such an inquiry as that before us. This

instrument, both from its position and its optical excellence, offers a

better view of Mars at the present time than can be obtained else-

where. But the utmost that this telescope could perform in the way
of i-endering remote objects visible is to reduce the apparent distance

of the object to about one-thousandth part of its actual amount. Some,
indeed, might consider that even the Lick instrument would not be
capable of giving so great an accession to our powers as this statement

expresses. However, I am willing to leave the figure at this amount,
only remembering that if I estimated the powers of the telescope less

highly than these facts convey, the arguments on which I am entering
would be correspondingl}^ strengthened.
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As we have already said, Mars is at present at a distance of 35,000,000
miles, and if we look at it through a telescope of such a power as we
have described, the apparent distance is reduced to one-thousandth
part. In other words, all that the best telescope can possibly do is to

exhibit the planet to us as it would be seen by the unaided eye if it

were brought into a distance of 35,000 miles. This will demonstrate
that even our greatest telescopes can not be expected to enable us to

answer the questions that are so often asked about our neighboring
globe. What could we learn of Europe if we have only a bird's-eye

view of it from a height of 35,000 miles; that is to say, from a height

which was a dozen times as far as from the shores of Europe to Amer-
ica? The broad outlines of the coast might of course be seen by the

contrast of the color of a continent and the color of the ocean. Pos-

sibly a great mountain mass like the Alps would be sufficiently notice-

able to permit some conjecture as to its character to be formed. But
it is obvious that it would be hopeless to expect to see details. The
smallest object that would be discernible on Mars must be as large as

London. It would not be possible to see a point so small as would
either Liverpool or Manchester be if they were on that point. There

is, no doubt, a remarkable contrast between the dark colors of certain

parts of Mars and the ruddy colors of other parts. It would, how-

ever, be going rather far to assert that the former must be oceans of

water and the latter continents of land. This may indeed be the case,

and most astronomers, I believe, think that it is the case, but it cer-

tainly has not yet been proved to be so.

Undoubtedly the most striking piece of evidence that can be adduced

in favor of the supposition that there is water on Mars is derived from

the "snowy " poles on the planet. The appearance of the poles of Mars
with their white caps is one of the most curious features of the solar

system. The resemblance to the structure of our own polar regions

is extremely instructive. It is evident that there must be some white

material which from time to time gathers in mighty volume round the

north and south poles of the planet.

It is also to be noticed that this accumulation is not permanent. The

amount of it waxes and wanes in correspondence with the variations

of the seasons on Mars. It increases during Mars's Avinter, and it

declines again during Mars's summer. In this respect the white

regions, whatever they may be composed of, present a noteworthy

contrast to the majority of the other features on the planet. The

latter offer no periodic changes to our notice; they are evidently com-

paratively permanent marks, not to any appreciable extent subject to

seasonal variations. When we reflect that this white material is some-

thing which grows and then disappears according to a regular period,

it is impossible to resist the supposition that it must be snow, or pos-

sibly the congealed form of some liquid other than water, which dur-

ing Mars's summer is restored to a fluid state. There can hardly be



164 NOTES ON MAKS.

a doubt that if we were ever able to take a bird's-eye view of our own
earth its poles would exhibit white masses like those which are exhib-

ited by Mars, and the periodic fluctuations at different seasons would

produce changes just like those which are actually seen on Mars. It

seems only reasonable to infer that we have in Mars a repetition of

the terrestrial phenomenon of arctic regions on a somewhat reduced

scale.

Among the features presented by Mars there are others in addition

to the polar caps which seem to suggest the existence of water. It

was in September, 1877, when Mars was placed in the same advan-

tageous position for observation that it occupies at present, that a

remarkable discovery was made by Professor Schiaparelli, the director

of the Milan Observatory. In the clear atmosphere and the convenient

latitude of the locality of his observatory he was so fortunate as to

observe marks not readily discernible under the less advantageous

conditions in which our observatories are placed. Up to his time it

was no doubt well known that the surface of Mars could be mapped
out into districts marked with more or less distinctness—so much so

that charts of the planet had been carefull}^ drawn and names had

been assigned to the various regions which could be indicated with

sufficient certaint3^ But at the memorable opposition to which we
have referred the distinguished Italian astronomer discovered that

the tracts generally described as "continents" on Mars were traversed

by long, dark " canals," as he called them. They must have been each

at least 60 miles wide, and in some cases they were thousands of miles

in length. Notwithstanding the dimensions to which these figures

correspond, the detection of the Martian canals indicates one of the

utmost refinements of astronomical observation. The fact that they

are so difiicult to see may be taken as an illustration of what I have

alread}^ said as to the hopelessness of discerning any object on this

planet unless it be of colossal dimensions.

It is impossible to doubt that considerable changes must be in prog-

ress on the surface of Mars. It is true that, viewed from the dis-

tance at which we are placed, the extent of the changes, though intrin-

sically vast, seem relatively insignificant. There is, however, too

much testimonj^ as to the changes to allow of hesitation.

Speculations have naturally been made as to the explanation of these

wonderful canals. It has been suggested that they may indeed be
rivers; but it hardly seems likel}^ that the drainage of continents on
so small a globe as Mars would require so elaborate a S3'stem of rivers,

each 60 miles wide and thousands of miles in length. There is, how-
ever, a more fatal objection to the river theory in the fact that the

marks we are trying to interpret sometimes cross a Martian continent

from ocean to ocean, while on other occasions they seem to intersect

each other. Such phenomena are of course well-nigh impossible if
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these so-called canal.s were in any respect analogous to the rivers which
we know on our own glol)e. It can, however, hardly be doubted that

if we assume the dark regions to be oceans the canals do really repre-

sent some extension of the waters of these oceans into the continental

masses. Other facts which are known about the planet suggest that

what seem to be vast inundations of its continents must occasionallv

take place. Nor is it surprising that such vicissitudes should occur

on a globe circumstanced like Mars. Here, again, it is well to remem-
ber the small size of the planet, from which we ma}^ infer that it has

progressed through its physical evolution at a rate more rapid than

would 1)e possible with a larger globe, like the earth. The sea is con-

stantly wearing down the land, but, by upheavals arising from the

intensely heated condition of the interior of our globe, the land is still

able to maintain itself above the water. It can, however, hardly

be doubted that if our earth had so far cooled that the upheavals

had either ceased or were greatly reduced the water would greatly

encroach on the land. On a small globe like Mars the cooling of the

interior has so far advanced that in all probability the internal heat

is no longer an effective agent for indirectly resisting the advance of

the water, and consequently the observed submergence is quite to be

expected.

That there may be tj^pes of life of some kind or other on Mars is, I

should think, very likel}". Two of the elements, carbon and h3'drogen,

which are most intimately associated with the phenomena of life here,

appear to be among the most widely distributed elements throughout

the universe, and their presence on Mars is in the highest degree prob-

able. But what form the progress of evolution may have taken on

such a globe as Mars it seems totally impossible to conjecture. It has

been sometimes thought that the ruddy color of the planet may be due

to vegetation of some peculiar hue, and there is certainl}^ no impossi-

bility in the conception that vast forests of some such trees as copper

beeches might impart to continental masses hues not unlike those which

come from Mars. Speculations have also been made as to the possi-

bility of there being intelligent inhabitants on this planet, and I do

not see how anyone can deny the possibilit}^, at all events, of such a

notion. I would suggest, however, that as our earth has only been

tenanted by intelligent beings for an extremely brief part of its entire

history— say, for example, for about one-thousandth part of the entire

number of years during which our globe has had an independent exist-

ence—so we may fairly conjecture that the occupancy of any other

world by intelligent beings might be only a ver}^ minute fraction in the

span of the planet's history. It would therefore be highly improb-

able, to say the least of it, that in two worlds so profoundly different

in many respects as are this earth and Mars the periods of occupancy

by intelligent beings should happen to be contemporaneous. I should
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therefore judge that, though there may once have been or though there

may yet be intelligent life on Mars, the laws of proliability would

seem against the supposition that there is such life there at this

moment.

We haye also heard surmises as to the possibility of the communica-

tion of interplanetary signals between the earth and Mars, Init the

suggestion is a preposterous one. Seeing that a canal GO miles wide

and 1,000 miles long is an object only to be discerned on exceptional

occasions and under most fayorable circumstances, what possibility

would there be that, even if there were inhabitants on Mars who desired

to signal this earth, they could ever succeed in doing so? We are

accustomed to see ships signaling by flags, but what would haye to be

the size of the flags by which the earth could signal to Mars or Mars
signal to the earth? To be effectiye for such purpose each of the flags

should ])e at least as big as Ireland. It is true, no doubt, that small

planets would be fitted for the residence of large beings, and large

planets would be proper for small beings. The Lilliputians might be

sought for on a globe like Jupiter, and the Brobdingnagians on a globe

like Mars, and not yice yersa, as might be hastily supposed. But no

Brobdingnagian's arms would be mighty enough to waye the flag on

Mars which we shovdd be able to see here. No building that we could

raise, eyen were it a hundred times more massiye than the Great

Pyramid, would be discernible b}" the Martian astronomer, eyen had he

the keenest eyes and the most potent telescopes of which our experience

has giyen us any conception.

n. The Canals of Mars^

By Miss M. A. Okk.

The physical condition of Mars is a problem oyer which discussion

still rages with unabated yigor. While Mr. Lowell sees in the Martian

"canals" a yast S3"stem of artificial irrigation, and M. du Ligondes

geological fissures, through which rise to the frozen surface yiyif3"ing

vapors from a still heated interior, M. Antoniadi ascribes their doubling

to a defect in focusing, and others disbelieve in even their single

existence. But the enigmatical lines have appeared to so many, and

in the main with such consistent similarity, that the ranks of these

unbelievers grow thin. Between rejecting- the canals altogether, how-

ever, and accepting them as actual phj^sical entities there are other

possible alternatives. Mr. Walter Maunder, in an article in Knowl-
edge for November, 1801, and more recently Signor Cerulli, in recount-

ing his observations of Mars in the opposition of 1896-97, at his private

observator}^ of Collurania (Teramo), showed how the mathematical

'From Knowledge, February 1, 1901. [See tutude on Canals of Mara in Smith-

sonian Report for 189-1.]
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lines and spots we find in the faint markings of Mars might be merely
the easiest form in which, with our present optical means, we could be
cognizant of its real features. This latter treatise elicited replies from
Schiaparelli and Flammarion, but their arguments in favor of the

physical existence of the markings as such, and of actual changes tak-

ing place in them, are not altogether conclusive. Signor Cerulli's

observations during the last opposition have confirmed him in the

belief that the markings are optical, and his new report^ is substan-

tially a full exposition of his theory. These observations extended

from August, 1898, to March, 1899, and were made with a 15i-inch

Cooke equatorial, with powers of 100 and 500, always without stops or

colored screens, the object being not to get sharp definition of any

special feature, but as complete a picture as might be of all the phe-

nomena. The author shows what is the explanation, on his theory, of

the features seen and their apparent variations, and brings forward

ingenious and novel arguments to prove his case.

It must be remembered that in a bird's-eye view of a world

some 40,000,000 miles away all we can take note of are contrasts

in tone or color, while the real contour of objects is masked or

invisible. Small or faintly shaded objects, invisible singly, will

produce an efl'ect, if close together, of one large mass, and from

pur inability to see the irregularity of their grouping will ap-

pear as round spots or long streaks. But conditions of seeing

vary enormously on Mars, according to its distance and position

and the changing illumination of its disk, not to speak of varia-

tions in ourselves, our atmosphere, and our instruments. The con-

trasts, therefore, will vary, more detail will sometimes be seen in

the patches and streaks, fainter markings at their edges will appear

and disappear, altering their outline and extent. The hazy aspect of

Schiaparelli's canals may thus be a nearer approximation to reality

than the sharply defined, and the doubling may be due to disappear-

ance of faint shadings between more easily grasped boundaries. That

the canals were discovered after the opposition of 1877, being only sus-

pected during the most favorable period, that they are sharpest with

colored screens and comparatively small apertures, while in the great

Lick and AVashington telescopes they have been seen either as few

diffused markings or not at all, suggest that the fine lines are simply

a mode under which faint markings may present themselves to imper-

fect vision. There is undoubtedly truth in the apparent paradox that

greater distinctness comes with poorer vision, for in the best moments

the eye dimly perceives, even where it can not grasp, divisions in

simple masses, curves, and blurring in narrow lines,- indeterminate

shadows in clear spaces.

^Nuove osservazioni di ]Marte: Saggio di una interpretazione ottica delle sensazioni

areoscopiche. ByY. CeruUi. CoUurauia, 1900.
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Whether the optical theoiy accounts for all the variations, including

those of the polar caps, the future must decide. Most interesting- is

Cerulli's appeal to the past history of areography, referring to Flam-

marion's valuable collection of drawings, all carefully copied from

originals, in his Planete Mars. Here we may see now in the tirst

rude telescopes impressions of Martian markings were summed up in

one large round spot, or one wide band, whicli latter was b}^ Cassini

and some others seen double. By degrees the easiest features of the

Southern Hemisphere were distinguished, but appeared so variable

that an atmospheric origin was ascribed to them. It is particularly

instructive to compare Knott's drawing of November 3, 1862, with

Lord Rosse's of three days later. Knott's telescope was of 7^-inch

aperture, and the features which in the 6-foot Rosse reflector appeared

as large dark patches on a fainter background he portrays as narrow

lines on white—canals on a large scale. Again, in two excellent draw-

ings by Kaiser, a broad band where we now recognize Praxodes, seen

at the opposition of 1862, becomes, six weeks later, when seeing w^as

more difficult, two narrow bands with faint shadings between. Other

examples of gemination in lines and in spots, contractions and enlarge-

ments, etc., may be traced, and through all the series there is a

remarkable, but in no wise astonishing, variety of representation.

One has but to consider the fugitive faintness of the objects, the im-

perfections of the instruments, and the personalit}^ of the observers,

which affects not only their vision but their mode of portrayal. On
this last point, which comes out verj' clearly on an examination of the

illustrations in La Planete Mars, Signor Cerulli has not perhaps laid

enough stress, nor on the influence of unconscious imitation.

Mr. Green, the artist astronomer, used to insist on the importance

of the trained hand as well as the trained eye in order to obtain true

pictures of planetary detail.

Is the history of discovery with regard to the large markings in

Mars's southern hemisphere repeating itself now with the more deli-

cate shadings in the northern? And with better optical means would
they also lose their misleading appearance of mathematical regularity

and their instabilit}' ?

The artificial origin of the Martian "canals" can hardly be main-

tained now that they have been seen to traverse the polar ctips and to

appear in Venus, Mercury, and two of the Jovian satellites. On the

optical hj-^pothesis, on the other hand, this is precisely what we might
expect. It is perhaps going too far to suggest that the bands of Jupiter

and their varying appearances are strictly analogous to canals, since

their atmospheric origin is rendered probable by other considerations,

notably by the planet's low density; yet there is certainly a startling

resemblance between some early drawing-s of Mars and recent diagrams
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of Jupiter. Schroter's Mars, for instance, on page 77, fig. 48, of "La
Planete Mars'' (1892 edition), tempts one to quote Dante:

Such would Jove become, if he and Mars
Were birds, and changed their phimage.

We are indebted to M. Flammarion for another line of evidence.

He had the happy idea of collecting naked-eye views of the moon by
different observers, and in response to his appeal an interesting series

appeared in the Bulletin de la Societe Astronomique de France from
January to June of last year. The disk of the moon to the unaided

eye is about the same size as that of Mars in an average telescope, but

the conditions are not quite the same, as naked-eye vision does not

admit of straining and misfocusing to the same extent as telescopic.

Nevertheless, the study of these drawings is, as M. Flammarion remarks,
a lesson on the value to be attached to observations at the limit of visi-

bility, and no one would have believed that the same thing could have

been represented in so many different ways. The reader may judge

for himself by personal examination whether these drawings support

Cerulli's theory of the canals. He will not fail to observe a tendency

to draw the Seas of Serenity, Tranquillity, Plenty, and Nectar, as two

lines more or less parallel, while the Ocean of Tempests is sometimes a

narrow, curved line, its eastern border only being seen in contrast with

the brilliant limb. Tycho in one instance appears as a very large bright

square.

Whether the optical theory be correct or no, probably no one will

deny the wisdom of Signor Cerulli's advice to regard all Martian maps

as temporary guides, sure to be modified by further investigation. We
may add, however, that to refrain altogether from speculative hypoth-

eses would be as unscientific as uninteresting; the sensational theories

about Mars have been a stimulus to much excellent work; but the

scientist remembers that they are only theories and is prepared to see

them dispelled by fuller light.

III. The Message from Mars.'^

Writing from Lowell Observatory, Flagstaff, Ariz., Prof. A. E.

Douglass says in the Boston Transcript: The phenomenon on Mars

which has given rise to the report of a message from that planet on

December 7 of last year was really only a cloud on that planet lighted

up by the setting sun. It was a true message, giving us knowledge of

Martian climate, but not a message from any intelligent inhabitants.

A great number of clouds of this kind have been seen in previous

years, but none, I believe, for the last four, and therefore this one,

coming as it did in one particular part of the planet, was a matter of

great interest, and I telegraphed information about it to the, East,

1 From Boston Transcript, February 2, 1901.
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where it was distributed to all astronomers and to many others

interested.

Astronomers almost never see clouds on the sunlit portions of the

planet. If they exist as thin cirrus clouds, we should perhaps be

ujiable to see them. Heavy clouds, if they covered a large enoug-h

area of the planet, would be visible. The}^ would have to cover per-

haps a million square miles before they could be recognized with cer-

tainty. But on this earth they cover far more area than that, and

therefore, as we do not see them on Mars at all, we conclude that the

planet is extremely dry. As a matter of fact, it has no oceans and no

surfaces that are positively identified as permanent water surfaces.

Some observers even doubt that the planet is warm enough to permit

the existence of water. The only two indications of water, however,

are in the polar caps of snow and the clouds, such as this one, which

becomes visible to us as the sun sets on the region above which they

float. These clouds stand above such regions like the peaks of high

mountains, and receive the last rays of the setting sun, when all

beneath is dark. They therefore appear to us as bright spots against

a dark background or as bright points extending from the sunlit por-

tion of the planet out into the region of night.

The first observation of a phenomenon of this kind was made at the

Lick Observatory in 1890. A few were seen in 1892 at a number of

observatories. Over 350 were observed and studied at this observa-

tory in 1894, and many were seen in 1896. The result of the study of

several hundred of them is given in Vol. I of the Annals of the Lowell

Observatory. By that research it became evident that man}^ of them
were formed at sunset. In character they were probably like our

dense cumulus clouds. Their average elevation was much greater

than our cumulus clouds, being several miles on an average, and one

was seen at least as high as 15 miles above the surface, that of Novem-
ber 25, 1894. In that case the cloud was seen near the sunrise termi-

nator, as it is called—that is, the north and south line on the planet at

which the sun was rising. If we were searching for signals, the cloud

of November 25, 1894, would be a very much more striking case than

anything seen before or since. On the night of November 25 this

cloud was seen as a white spot against the dark background of the

unillumined surface beneath. It was 100 miles across and at least 15

miles above the surface. It remained in that point over half an hour,

then suddenly disappeared. On the following night it was only 8 miles

high. Instead of remaining constant!}^ as a bright spot, it appeared
and disappeared. The first appearance lasted sixteen minutes; after

four minutes it disappeared; it came again for only a moment, and after

six minutes more it again appeared for two and one-half minutes. Then
followed an absence of three minutes, presence for two minutes,
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absence for three minutes, presence one minute, absence eight minutes,

and a final brief appearance fort^'-six minutes after the first sight of it.

If some genius can prove that these were a series of signals from
Mars, it would be a matter of the greatest importance. My own belief

is that it was a message from Mars, not from inhabitants of the sur-

face, but from the clouds which inhabit its atmosphere. They were

giving us an illustration of the efiect on them of sunlight and showing

us how thc}^ form and disappear with its absence and presence.

The cloud which was observed on December 7 and 8 gave us also a

scientific message of great importance. It was seen on those two suc-

cessive mornings and lasted for an hour each time. It was less on the

second morning, as if the moisture had been dissipated, or had been

used in some way so that it could not condense into visible clouds. It

formed above the deserts on the north side of a large, dark marking

on the planet, Icarium Mare, which is supposed to be vegetation.

This is significant in two ways. First, it corroborates our idea that

the dark markings are vegetation by showing, as we should expect,

that the I'egions of vegetation have more moisture in them than the

surrounding regions, which are desert. Second, it appeared on the

north side of the dark marking, showing that there must have been a

motion of the air from the south. That is, at this point on the equator,

in a season which corresponds to our April 23, the wind was from the

south. At that time the sun was about 13^ north of the equator, and

the point beneath most heated by the sun was therefore north also, and

the wind was blowing toward that point. This is exactly what we find

on the earth in the case of the trade winds, which blow toward the heat

equator. And so we have received the most interesting information

that in these zones, at least, the winds on Mars and on the earth blow

in the same direction.

Knowing, then, that such similarity exists, scientists can advance

with confidence from a knowledge of our own weather conditions to

those on Mars. They can have the satisfaction of knowing that their

theories are not pure speculation. This, then, is the important message

which we have received from Mars.

IV. Messages from Maes.^

We feel that some apology is needed for the appearance in these

pages of a note with this sensational heading; but there have been so

many paragraphs lately in the daily press under the title that, on the

sole ground that this is a chronicle of astronomical and quasi-astro-

nomical events, we think the subject should be mentioned. First, a

telegram came from America saying that Mr. Douglass, at Lowell

Observatory, Ariz., had seen a projection on the northern edge of

^ Extract from The Observatory, London, February, 1901, p. 102.
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Icarium Mare, which remained visible for more than an hour. Some
one interpreted this by the well-worn surmise that the Martian inhab-

itants were signaling to us. Sir Robert Ball tried to convince the

public of the fallacy of this in one of his lectures at the Royal Institu-

tion, and M. Flammarion, with the same end in view, explained to an

interviewer that this appearance was probably a sunset effect on our

neighbor. Next, Mr. Nikola Tesla, having a wireless-telegraphy appa-

ratus on a mountain in America, said that he had noticed effects on

his receiver for which he could not account, and therefore he concluded

that they must have been caused by the inhabitants of Mars. The
message, according to Mr. Tesla, was not particularly lucid, being, as

he said, merely "one, two, three;" but he did not hesitate to explain

that it is quite within the bounds of possibility to establish electrical

communication with our neighbor. These utterances, which have been

cabled at length to the English papers, have furnished texts for many
jocose paragraphs and small poems; the interviewers have been busy.
* * * M. Loewy very naturally asked his interviewer, "Why
Mars ? How did Mr. Tesla know that it was not Venus or Mercury
who was signaling ?

"

A third matter, which comes under the heading, relates to a liequest

of a Mme. Guzmann, who in 1891 left 100,000 francs to be awarded as a

prize to the first person who shall be successful in communicating with

another world other than the planet Mars. The Academy hesitated to

accept the bequest, but has at last done so, influenced, perhaps, by
the fact that the will goes on to say that each time the prize has not

been awarded for a period of five jenrs the accumulated interest shall

be attributed to a work seriously helping the progress of astronomy.

The Academy, in accepting the trust, remarks that the intentions of

the founder will be scrupulously executed, and quotes from Mon-
taigne: " It is a stupid presumption to condemn as false all that which
may not appear likely to us. There is no greater madness in the

world than to reduce everything to the measure of our capacity and
competence." But why is Mars excluded ? Is it to bar Mr. Tesla

?



ON SOLAR CHANGES OF TEMPERATURE AND VARIA-
TIONS IN RAINFALL IN THE REGION SURROUNDING
THE INDIAN OCEAN/

By Sir Norman Lockter, K. C. B., F, R. S., and W. J. S. Lockyer,
M. A. (Camb.). Ph. D. (Gott).

The fact that the abnormal behavior of the widened lines in the

spectra of sunspots since ISOtt had been accompanied Ijy irregularities

in the rainfall of India suggested the study and correlation of various

series of facts which might be expected to throw light upon the subject.

The conclusions already arrived at from bringing together the results

of several investigations undertaken with this view may be stated as

follows:

(1) It has been found from a discussion of the chemical origin of

lines most widened in sunspots at maxima and minima periods that

there is a considerable rise above the mean temperature of the sun

around the years of sunspot maximum and a considerable fall around

the years of sunspot minimum.

(2) It has been found from the actual facts of rainfall in India

(during the southwest monsoon) and Mauritius, between the years

1877 and 1886, as given by Blanford and Meldrum, that the effects of

these solar changes are felt in India at sunspot maximum, and in

Mauritius at sunspot minimum. Of these the greater is that produced

in the Mauritius at sunspot minimum. The pulse at Mauritius at

sunspot minimum is also felt in India, and gives rise generally to a

secondary maximum in India.

India therefore has two pulses of rainfall, one near the maximum
and the other near the minimum of the sunspot period.

(3) It has been found that the dates of the beginning of these two

pulses on the Indian and Mauritius rainfall are related to the sudden

remarkable changes in the behavior of the widened lines.

(4) It has been found from a study of the famine commission reports

that all the famines therein recorded which have devastated India

during the last half century (we have not yet carried the investigation

further back) have occurred in the intervals between these two pulses.

^ Reprinted (abridged) from Nature, November 29 and December 6, 1900.
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(5) It has been found from the investigation of the changes in (1)

the widened lines, (2) the rainfall of India, and (3) of the Mauritius

during and after the last maximum in 1S93 that important variations

from those exhibited during and after the last maximum of 1883

occurred in all three.

It may be stated at the same time that the minimum of 1888-89

resembled the preceding mininuim of 1878-79,

(6) It has been found from an investigation of the Nile curves

between the years 1849 and 1878 that all the lowest Niles recorded

have occurred between the same intervals,

(7) The relation of the intervals in question to the droughts of

Australia and of Cape Colony and to the variations in the rainfall of

extratropical regions generally has not yet been investigated. We
have found, however, a general agreement between the intervals and

the rainfall of Scotland (Buchan), and have traced both pulses in the

rainfalls of Cordoba (Davis) and the Cape of Good Hope.

(8) We have had the opportunity of showing these results to the

meteorological reporter to the government of India and director-

general of Indian observatories, John Eliot, esq., C. I. E,, F. R. S.,

who is now in England, and he allows us to state his opinion that they

accord closely with all the known facts of the large abnormal features

of the temperature, pressure, and rainfall in India during the last

twenty-five years, and hence that the inductions already arrived at will

be of great service in forecasting future droughts in India.

Solar Physics Observatory, October 26.

Addendum.

Since Meldrum and one of us called attention, in 1872, to a possi1)le

connection between sunspots and rainfall, there has been a large liter-

ature upon the subject which it is not necessary for us to analyze; it

may be simply stated that, in spite of the cogent evidence advanced

since, chiefly by Meldrum, and in later years by Mr. Hutchins,^ it is

not 3^et generally accepted that a case for the connection has been

made out.

What has been looked for has been a change at maximum sunspots

only, the idea being that there might be an efl:'ective change of solar

temperature, either in excess or defect, at such times, and that there

would be a gradual and continuous variation from maximum to

maximum.
At the same time it is possible that the pressure connection, first

advanced by Chambers, is now accepted b}^ meteorologists as a residt

of the recent work of Eliot.

The coincidence, during the last few years, of an abnormal state of

the sun with abnormal rain in India, accompanied by the worst famine

^ "Cycles of Drought and (Jood Seasons in South Africa, 1889."
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experienced during the century, suggested to us the desirability of

reconsidering the c^uestion, especially as we have now some new fac-

tors at our disposal. These have been revealed by the study, now
extending over twent}^ years, of the widened lines in sunspots, which
suggested the view that two effects ought to be expected in a sunspot

cycle instead of one.

THE WIDENED LINES.

It will be gathered from previous communications to the Royal

Society ^ that, on throwing the image of a sunspot on the slit of a spec-

troscope, it is found that the spectrum of a spot so examined indicates

that the blackness of the spot is due not only to general, but to select-

ive absorption,^ and that the lines widened by the selective absorption

vary from time to time.

Since the year 1879 the selective absorption in spots has been

observed for every spot that was large enough to be spectroscopically

examined, the method adopted being as follows:

The regions of the spectrum investigated lie between F

—

h and h—D,
and an observation consists in observing the six most widened lines in

each of these regions. These lines are then identified on the best solar

spectrum maps available and their wave lengths determined.

An examination of many years' records of these widened lines has

shown that at some periods they are easily traceable to known ele-

ments, while at others their origins have not been discovered, so the

latter have been classed as '"unknown" lines. If we compare these

two periods with the sun-spot curve as constructed from the measure-

ments of the mean spotted area for each j^ear, it is found that when the

spotted area is greatest the widened lines belong to the "unknown"

class, while when the spotted area is least they belong to the "known"

class.

The majority of the lines traced to some terrestrial origin belong to

iron, but the lines of other elements, such as titanium, nickel, vana-

dium, scandium, manganese, chromium, cobalt, etc., are also repre-

sented in a less degree.

It is quite likely that some of the "unknown" lines are higher tem-

perature (enhanced) lines of known chemical elements.

In our laboratories we have means of differentiating between three

stages of temperature, namely, the temperature of the flame, the

electric arc, and the electric spark of the highest tension. At the

lowest temperature, that of the flame, we get a certain set of lines; a

new set is seen as the temperature of the electric arc is reached. At

the temperature of the high-tension spark we again have many new

^ Proc. Roy. Soc, vd. xl, p. 347, 1886; vol. xlii, p. 37, 1887; vol. xhd, p. 385, 1889; vol.

lvii,p. 199, 1894.

^ P. R. S., Lockyer, 1866, October 11.
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lines, called enhanced lines, added, while many of the arc lines wane

in intensit}".

It is found that at sun-spot minimum, when the "known" lines are

most numerous, the lines are almost invariably those seen most promi-

nent in the arc. Passing from the sun-spot minimum toward the

maximum the "unknown" lines gradually obtain the predominance.

As said before, they ma}^ be possibly "enhanced lines;" that is,

lines indicating the action of a much higher temperature on known
substances.

Unfortunately the records of enhanced lines at South Kensington,

having been obtained from photographs, are chiefly confined to a

region of the spectrum not covered by the visual observations of

widened lines in sun-spot spectra.

We can only point to the evidence acquired in the case of one

metal—iron—for which photographs of the enhanced lines in the green

and yellow parts of the spectrum have been obtained.

This evidence quite justifies the above suggestion, for the enhanced

lines of iron can be seen revealing themselves as the number of

unknown lines increases.

We are, therefore, quite justified in assuming a very great increase

of temperature at the sun-spot maximum when the "unknown" lines

appear alone.

The curves of the "known" and "unknown" lines have been

obtained by determining for each quarter of a year the percentage

number of known and unknown lines and plotting these percentages

as ordinates and the time elements as abscissae. Instead of using the

mean curves for all the known elements involved, that for iron is

employed, as it is a good representative of "known" elements, and

has been best studied. When such curves have been drawn, they

cross each other at points where the percentage of unknown lines is

increasing, and that of the iron or known lines are diminishing, or vice

versa.

We seem, therefore, to be brought into the presence of three well-

marked stages of solar temperature.

When the curves of known and unknown lines cross each other

—

that is, when the number of known and unknown lines is about equal

—

we must assume a mean condition of solar temperature. When the

unknown lines reach their maximum, we have indicated to us a + pulse

or condition of temperature. When the known lines reach their

maxinmm, we have a — pulse or condition of temperature.

The earliest discussion showed that, generall}" speaking, the unknown-
lines curve varied directly and the iron-lines curve varied inversely

with the spot-area curve. The curves now obtained for the whole
period of twentj^ years not only entirely indorse this conclusion, but

enable more minute comparisons to be drawn.
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The "widened line" curves are quite different from those furnished
by the sun spots. Ascents and descents are both equally sharp,

chanafes are sudden, and the curves are relative!}^ flat at top and bot-

tom. The crossings are sharplv marked.

During the period since 1879 three such crossings have occurred,

indic-ating the presence of mean solar temperature conditions, in the

years 1881, 1886-87,' and 18!»2. It was expected that another crossing

with the known lines on the rise would haA^e occurred in 1897, indicat-

ing thereby the arrival of another mean condition of solar tempera-

ture, but as yet no such crossing has taken place. * * *

It becomes, therefore, of the tirst importance to correlate the times

of mean solar temperature, and of the + and — heat pulses, with the

solar weather cycle, in order to arrive at the temperature history of

the sun during the period which now concerns us. * * *

CONNECTION OF THE SPOTS WITH PROMINENCES.

In 1869, when a sun-spot maximum was approaching, the promi-

nences wore classiiied b}' one of us into eruptive and nebulous; the

former showing many metallic lines, the latter the hydrogen and

helium lines chiefly. * * *

The eruptive prominences, unlike the nebulous ones, were not

obserA'cd in all heliographic latitudes; but, according to the extended

obser^-ations of Tacchini and Ricco, had their maxima in the same lati-

tude as the spots. * * * This is corroborated by what Professor

Respighi many years ago stated : "In correspondence Avith the maxi-

mum of spots, not only does the numl)er of the large protuberances

increase, but more than this—their distribution over the solar surface

is radically moditied.'" * * *

In photographs near sun-spot maximum the concentration of the

prominences in zones parallel to the Equator is perfecth^ obvious at a

glance. Eruptive or metallic prominences are thus seen to cover a

much larger area than the spots, so that we have the maximum of solar

activity indicated, not only by the increased absorption phenomena

indicated by the greater number of the spots, Init by the much greater

radiation i)honomena of the metallic prominences; and there seems

little dou])t that in the future the measure of the change in the amount

of solar energy will be determined by the amount and locus of the

prominence area.

Spots are, therefore, indications of excess of heat, and not of its

defect, as was suggested when the term " screen" was used for them.

We know now that the spots at maximum are really full of highly

^According to the observations the mean was reached in December, 1886, (jr Jan-

uary, 1887.

SM 1900 12
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heated vapors produced ])y the prominences, which are most numerous

when the solar atmosphere is most disturbed, * * *

The Indian meteorologists have abimdantly proved that the increased

radiation from the sun on the upper air currents at maximum is accom

panied by a lower temperature in the lower strata, and that with this

disturbance of the normal temperature we must expect pressure

changes. Chambers was the first to show that large spotted area was

accompaiiied by low pressures over the land surface of India. (Abnor-

mal Variations, p. 1.) " '^' "

INDIAN KAINFALI.. SOUTHWKST MONSOON, 187T-1S8*).

It will be clear from wliat has been stated that our object in studying

rainfall was to endeavor to ascertain if the + and — temperature pulses

in the sun were echoed by + and — pulses of rainfall. The Indian

rainfall was taken first, not only because in the Tropics we ma}^ expect

the phenomena to lie the simplest, but because the regularity of the

Indian rains had broken down precisely when the widened line obser-

vations showed a most remarkable departure from the normal. * * *

The first investigation undertaken was the study of the rainfall tallies

published by the meteorological department of the government of

India. These were brought together by Blandford down to the year

1886.^ As the widened line observations were not begun at Kensing-

ton till 18TU, the discussion was limited in the first instance to the

period 1877-1886, inclusive, embracing the following changes in solar

temperature, occurring, as will be seen, between two conditions of

mean solar temperature:

Mean.
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THE RAINFALL OF "WHOLE INDIA."

The next .step was to Avork on a lonoer ])jise, and for this purpose
Eliot's whole India table of rainfall, 1875-ls<>6 (Nature, vol. Ivi, p.

110), embracing ])oth the southwest and northeast monsoons, being at

our disposal, was studied.

It was anticipated that such a table, ])uiltupof means observed over
such a large area and during l)oth monsoons, would more or less con-

ceal the meaning of the separate pulses observed in separate localities;

this we found to l)e the case. * '^'' ^'

The pulses in the period stand as follows:

Percentage Heat
variation, pulse.

Min. LS7S +15 —
^ Years after

rise of

,
Max. 1 SSL' f 6 H Years after

j

rise of

— Min. l.ssy + G — 1

iron

lines.

unknown
I— Max. 1893 +22 -j ' lines.

The variations in the intensities of the pulses of rain at the success-

ire maxima and minima are very remarkable and suggest the working

of a higher law, of which we have other evidence. But, putting this

aside for the present, it should be pointed out that even normallv we
should not expect the same values for the rainfalls in 1882 and 1893,

because the amount of spotted area was so different, 1,160 millionths

of the solar surface being covered with spots in 1883, and 1,130 in 1893.

The ver}" considerable variation in the quantity of snowfall on the

Himalayas has often been pointed out by the Indian meteorolo-

gists. * *' *

The Himalayan snowfall, beyond all question, follows the same law

as the rain, the values occurring at the + and — pulses, as under,

being among the highest:

'

Inches.

I

67-S ... 134

— + 71-2 ... 110

77-8 ... 207

— 4 82-8 ... 81

From these tables it follows that l)oth iii rainfall and snow the quan-

tity is increased in the years of the rise both of the unknown and iron

lines. * * *

THE MAURITIUS RAINFALL.

* * * With regard to the general rainfall of Mauritius through-

out the year, it may be stated that on the average the most rainy

months are from December to April, both months inclusive.

1 Indian ^Meteorological Memoirs, Vol. Ill, p. 235.
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The months of November and May are those in Avhich the daily

rainfall is increasing and diminishino-, respectively. Sometimes in

July or August there is a slight tendcnc}^ for a small increase.

THE MAUKITIUS RAINFALL CURVES FOR THE PERIOD 1877-188(5.

In plotting the Mauritius rainfall curve for the period 1877-1886, it

was observed that the curve is of a fairly regular nature, showing

alternately an excess and deficiency of rainfall. * * *

Comparing the times of occurrence of the two pulses of rainfall at

Mauritius with the times of the crossings of the known and unknown
lines, it is found that the Mauritius maximum rainfall of 1877 occurs

a])out a year after the rise of the known lines in 1876. The next

Mauritius pulse of rainfall in 1882 follows the succeeding crossing,

when the unknown lines are going up, also about a year later. * * *

The delay of about a yenv in the effect of the Mauritius pulse being

felt in Ceylon and India is exactly what would be expected if the rain

at sun-spot minimum comes from the south, as has been surmised.

The fact that the pulses at Mauritius, Ceylon, and India in 1882

occur simultaneously is very strong eA^idence in favor of an origin in

the equatorial region itself for the Indian rain at sun-spot maximum.
The pulse at maximum in the Indian southwest monsoon may depend

to a large extent upon the action of the excess of solar heat on the

equatorial waters to the south of India, and not on an abnormal effect

on the southeast trade. * * *

RESULT OF THE COMPARISON OF RAINFALL.

It seems quite certain that we are justified in associating the 1878

pulse of rainfall during the southwest monsoon in India with the rain-

fall common to Mauritius, Batavia, and the Cape at that date; that in

all cases the rain has been associated with some special condition con-

nected with the southeast trade in the Indian Ocean.

The rainfall of Cordova suggests that the same trade Avind in the

Atlantic Ocean was similarly affected at the same time. * "' *

SUBSIDIARY PULSES.

In a normal sun-spot curve we find a sharp rise, generall}' taking

three or three and a half j^ears, to maximum, and a slow decline to

minimum, on which the remaining years of the cycle are spent.

The curve on the upward side rises generally regularly and continu-

ousl}^; on the downward portion the regularity of the curve is very

often broken by a "hump" or sudden change of curvature. There
has not yet been a complete discussion of the number and character of

the prominences associated with the spots during the cycle; Ave have
found, however, that the ''hump" in the sun-spot curA^e in 1871 was
accompanied by a rcnnarkable increase in the number of eruptive

prominences. * * *
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THE INTERVALS BETWEEN THE PULSES.

There will obviously- be intervals between the ending of one pulse

and the beginning of the next, unless they either overlap or become
continuous.

The + and — pulses, to which our attention has been chiefly directed,

are limited in duration; and when they cease the quantity of rain which
falls in the India area is not sufficient without water storage for the

purposes of agriculture; thev are followed, therefore, b}^ droughts,

and at times subsequently by famines.

Taking the period 1877-1889 we have

Eaiii from — pulse.

79 (part)

f79 (part)

No rain pulse <80 (central year)

isi (part)

81 (part)

Rain from + pulse.
82

83

84 (part)

(-84 (part)

^'^ >( central years)No rain pulse
87 (part)

.87 (part)

.... /88
Rain troni — pulse ioq

The duration of these + and — pulses of rainfall was determined

in the first instance by the Mauritius rainfall, which shows both pulses;

and later from the Malabar rainfall, which perhaps shows the efi'ect

of the southwest monsoon in its greatest purity.

All the Indian famines since 1836 (we have not gone back further)

have occurred in these intervals, so far as they can be carried back on

the assimiption of an eleven-year cycle.

The following tables show the result for the two intervals:

The interval between the pulses, taking 1880 as the central year, on the vpward curve.

1880 Madras famine.

N.W.P. famine.

1880—11=1869, N.W.P. famine (1868-69).

1869-11=1858, N.W.P. famine (1860).

1858-11=1847.

1847—11=1836, Upper India famine (1837-38). (Great famine.

)

The interval between the puhes, taking 1885-86 as the central years, on the descending curve.

1885-86l?r^T^ *f°^^?^ 1(1884-85).
\Madras famine/'^ ''

1885-86— 11 =1874-75, N.W.P. famine (1873-74).

Bombay famine (1875-76)

.

Bombay faniine l( 1876-77).
Upper India famine/''
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-,„„,„_ T^ .^^., ... /Madras famineKio^r <,«x

18b3-b4— 11= 1852-58, Madras famine (1854).

It is clear from the above table that if as much had been known in

1830 as we know now, the probability of famines at all the subsequent

dates indicated in the above tables might have been foreseen.

The region of time from which the above results have been obtained

extended from 1877 to 1886. The next table will show that if the

dates, instead of being carried back, are carried forward, the same

principle enables us to pick up the famines which have devasted India

during the period 1886-1897.

Same intervals, going forivard.

1880.

+11 1891, N.W.P. famine (1890).

Madras famine i

Bombay famine 1(1891-92).

Bengal famine, J

(1885-86).

+11 1896-97, General famine.

This result has arisen, so far as w^e can see, from the fact that the +
and — pulses included in the period 1877-1886 were normal—that is,

were not great departures from the average.

NILE FLOODS.

After we had obtained the above results relating to the law followed

b}^ the Indian famines we communicated with the Egyptian authorities

with a view of ol^taining data for the Nile Valley.

We have since fou.nd, however, from amemorandum by Mr. Eliot, ^

that Mr. Willcocks, in a paper read at the Meteorological Congress at

Chicago, remarked that "" famine years in India are generally years of

low flood in Egypt."

It remains only for us, therefore, to point out that the highest Niles

follow the years of the + and — pulses. Thus:

1871, one year after + pulse 1870.

1876, two years after subsidiary pulse of 1874.

1879, two years after — pulse 1877.

1883-84, one and two years after + pulse 1882.

1893-94, after ^ pulse 1892 (India excess rainfall, 1892-9.3-94).

THE GKEAT INDIAN FAMINE OF 185>9.

When, in a sun-spot cycle, the solar temperature is more than

usually increased the regularity of the above effects is liable to be

broken as the advent of the — pulse is retarded.

^ Forecast of southwest monsoon rains of 1900.
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This, as Avc have already pointed out, is precisely what happened
after the abnormal + heat pulse of 1892, following- close upon the

condition of solar mean temperature.

The widened line curves, instead of crossing, according to the few
precedents w^e have, in 1897 or 1898, have not crossed yet—that is, the

condUion of ordinary" solar mean temperature has not even yet been

reached.

We have shown that, as a matter of fact, in a normal cycle India is

supplied from the southern ocean during the minimum sun-spot period

and that this rain is due to some pressure effect brought about in high

southern latitudes by the sun at — temperature.

As the — temperature condition was not reached in 1899, as it would

have been in a normal 3"ear, the rain failed.

We may say then that the only abnormal famine recorded since 1836

occurred precisely at the time when an abnormal effect of an unpre-

cedented maximum of solar temperature was revealed by the study of

the widened lines. * * *

NOTE BY MR. I.ANGLEY.

We find that in the charts certain lines, whose character is to us

unknown, reach their maximum at the same time that the sun spots

do, while another class of lines, which are known, attain their mini-

mum at the same time.

It may not at first be entirely clear to the general reader how our

knowledge or our ignorance can appear as active factors in determin-

ing the position of lines in the sun, as they seemingly do, but the

paradox is easily explained when we notice that the lines of which we
are ignorant are those which are associated at such high temperatures

that we can not observe them, while those which we know, are dis-

associated at temperatures which bring them within the range of the

means in our laboratories.

This, then, is the simple explanation of this most interesting, Itut

at first sight paradoxical, observation of Mr. Lockj^er.

In the plate annexed (PI. I) the upright lines are one year apart in

every case; the upper curve is that showing the increase and decrease

of the spots on the sun. Thus, in 1883, the sun spots had reached the

greatest display at that time shown by the altitude of the curve, after

which they ran down, reaching their smallest amount very nearly

seven years later—about 1889—and then mounting again until, in

1893, they had again reached their maximum value, which was indeed

higher than the previous one.

Now, if we look immediately under them in the same years when

these were at a maximum, we shall see that the irregular lines, which
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represent the growth or diminution of the percentage of the whole

number of lines due to iron in the spots, are at a minimum when the

others are at a maximum, and are at a maximum when the others are

at a minimum, and that again they have fallen to a mininuun at the

time of the maximum in 1893.

These lines which are at a minimum when the sun spots are at a

maximum, and vice versa, are the known iron lines, but there is also a

dotted curve whose maximum and minimum agree with those of the

sun spots, and those are the lines whose provenance we do not know.

These are the solar phenomena. We shall see the same thing restated

in its apparent connection with terrestrial phenomena b}' looking at

Plate II, which is drawn on the same scale of years. Here we see

that the close of the famine year in each case agrees with the period

when the dotted line crosses the solid line; that is, where certain lines

due to temperature appear or disappear. Hence, at certain periods of

about eleven years we have spectroscopic evidence that there are

changes of temperature in the sun, and from what follows, that these

apparently coincide with the close of the famine years in India, as

well as with other terrestrial phenomena. This is the important coinci-

dence pointed out b}- Sir Norman Lockyer. It does not seem pro])able

that it can be due to chance, but we must await further observations

before feeling that this most interesting observation has acquired the

character of entire demonstration.
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thp: pekin observatory. 1

The sciontitic world has l)oen shocked at the looting of the Pekin
Observatory b}^ the French and German troops. The instruments are

to be sent to Europe. It is oroatly to General Chafiee's credit that he

l)rotested vigorously against this very unwarrantable act of vandalism.

At the end of this century institutions like an observatory should at

least be held sacred l.y civilized combatants. Our engravings repre-

sent a bronze sphere and a celestial glo])e of the same material, nearly

7 feet in diameter, constructed under the direction of Father Verbiest,

in the seventeenth century. Our iirst engraving represents a bronze

(piarter circle sent by Louis XIV to the Emperor Kang Hi in the sev-

enteenth century. Our fourth engraving represents the chief piece of

this observatory, so rich in artistic wonders. It is a bronze astronom-

ical instrument, vaguely recalling an equatorial. It was constructed in

the thirteenth century by Ko Chon King, astronomer of the Emperor
of the first Tartar dynasty and the founder of Pekin. The fifth engrav-

ing gives a general view of the astronomical instruments installed upon

the terrace of the observatory by Father Verbiest while he was presi-

dent of the tribunal of mathematics in 1674. Up to the present )ioth-

ing has ])een changed in the arrangement of these apparatus, and they

stand now^ just as they w ere placed by the learned missionary two hun-

dred years ago.

The general view of the Pekin Observatory, established at the begin-

ning of the nineteenth century near the Tartar rampart and the Temple

of the Lettered, has a feudal character which more closely recalls the

old gates w ith elliptic arches of the fortified cities of the Middle Ages

than the original structures of the extreme East. It is a massive

square tower, of medium height, at the top of which is observed a

series of odd silhouettes. These latter are those of the instruments

shown in one of our drawings. A little lower, from the left of the

tow^er, starts a sort of shed with curved roof, and very Chinese, under

which have rested, since the foundation of Pekin, a few Mongolian

instruments, which are genuine artistic marvels, that our engraving

can scarcely give any idea of.

This observatory is, or rather was, one of the rare curiosities of the

capital of the Celestial Empire.

' Reprinted from Scientific American Supplement, No. 1304, December 29, 1900.
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According to those who have studied them, the accuracy of the instru-

ments is questionable, the Chinese artisans charged with the gradua-

tion not having reproduced with exactness the models given to them.

Nowhere is there met a trace of a telescope or even of a simple tube

capable of concenti-ating the visual ysljs of the observer upon a single

point. The pinnule is alone employed for observations. Fortunately

for science, alongside of this official observator}', the Cluny Museum
of Chinese Astronomy, stand some establishments, such as Lika Wey,
in which are found the most improved models of contemporar}' optics.

For our enoravings we are indebted to L'lllustration.
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Smithsonian Report, 1900.—Pokin Observatory. Plate II.
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THE PROGRESS OF AERONAUTICS.^

[Address of M. Janssen, president of the International Aeronautic Congress at the
opening of the eongress, September ].">, 1900, at tlie Observatory of Meudon, near
Paris. ]

Gentlemen: First of all I must thank 3-011 for the great honor that

3^011 have just done nie in calling me for the second time to preside at

this congress. I feel it keenly and shall use my best endeavors to

justify 3'our choice.

1 shall certainly be the interpreter of your sentiments in thanking

the members of the committee on organization for the zeal and talent

put forth ))y them in the arrangements for this congress, which unites

in its bosom not onh" meml)ers of every nation and embraces the most

diverse branches of aeronautics, but includes also elements of the civil

and military order. I will affirm that, thanks to the elevation of

intellect and of sentiments which has been shown on all hands, every-

thing has been successfully and perfectly coordinated. This congress

will cei'tainly contri])ute to join in one spirit of progress and of con-

fraternity two elements so important and so necessar}' to the greatness

of nations.

I address the thanks of the committee on organization to our foreign

colleagues who have responded with such warmth and amiability to

our invitation. They have made us most happ}' and most proud, and

we can assure them that no efi'ort shall be spared to render their visit

fruitful and agreeable. It is to be hoped that our foreign colleagues

will, upon the occasion of this congress, knit ties of friendship that

will not be loosed at its dissolution; for one of the fruits, perhaps the

most important of the fruits, of reunions of this kind is the establish-

ment of personal relations between men, no doubt already acquainted

with one another's works and appreciative of them, Init who never-

theless have never had an opportunity to see one another and to talk

over the subjects of their studies.

The mind of a Avritor is not entirely expressed in his works. Often

the best fruit of his meditations and labors is something of which he is

not himself aware and which he can not record. A lively and friendly

talk with a fellow-student who has followed the same career will bring

these treasures up from their depths, and out of this spring new ideas,

new points of view; nay, new subjects for study, enlarging and clear-

ing the intellectual horizon.

'Translated from Annuaire du bureaii des longitudes pour 1901. Printed also in

Revue Scientifique, September 29, 1900.
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Let us add that a mutual enjoyment and a durable friendship almost

invariably spring- from such encounters. I do notdou])t that the pres-

ent congress will bring a rich harvest of these excellent fruits.

Let us now glance rapidly at the most important items of progress

in aeronautics since the last congress held its meeting in Paris in 1889.

The progress has been great in all directions. New and highly impor-

tant subjects of study have been opened up, so that this review will

necessarily be extremely incomplete, and T must beg our colleagues to

pardon me some omissions which circumstances force me to make, as

well as some references that will be far more summary than I would

like to have them.

The siege of Paris in ISTO attracted renewed attention to the employ-

ment of balloons and of carrier pigeons in war, matters which had been

laid aside in France since the First Empire. America had ])een about

the only power which before ISTU had considered military aerostation.

The Government of the Republic soon seriously took up the creation

of special militar}" services in aerostation and in peristerophily ("co-

lombophilie"'). For this purpose the line central institution of Chalais

was founded and organized, and rapidly got sA'stematically to work.

The duty of this institution is not merely to prepare the instruments

and to instruct the persons which are to ])e employed for the aero-

nautic service of our armies and militar}^ stations, l)ut, further, to

investigate all the improvements of which those engines and services

are susceptible, and even to undertake studies which promise to con-

duct to new inventions and discoveries in the field of aerial navigation.

The majority of the other nations of the Continent very soon fol-

lowed the example set by France in this respect, and indeed it must

be admitted that several of them improved upon their model, either in

regard to the material or in that of the mode of using it. To-day

these services have acquired great importance in those nations. It

even happens in Germany and Russia that the aeronautic service of

war often comes to the aid of civil aerostation by lending balloons for

experiments of scientific interest. Aerostation and aeronautics Avill

therefoi'e have no insignificant part in future wai"s. But alread}' the

war of the re])ellion in America and, quite recently, that of the Trans-

vaal have shown us to what advantages skillful generals can turn a

well-conducted aerostatic service. Indeed, if we reflect upon the cease-

less increments in the numbers of armies, in the range of the arms,

whether of artillery or of infantry, we shall readilv foresee a corre-

sponding enlargement of the theaters of war, and this, in its turn,

will render indispensable both l)alloon reconnoissances and also more
and more powerful optical instruments; nor must we forget the impor-

tant service of the balloon in directing the tire of artillery.

Nevertheless, great as has ])een the progress wliich the services of

military reconnoissances l)y aerostation have accomplished in the hands
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of the skillful officers who havt> been charged by their governments
with the creation and functioning of these services, it must be con-

fessed that important desiderata still remain. Thus it is possible now
to g-et away from a ])esieged place almost without risk, l)ut to get in

again is quite another thing, for this second problem depends upon
the famous one of steering a balloon, a problem which began to be
solved in 18S() at Chalais-Meudon, but of which the complete solution

is still in futuro.

Since 1889 this great question, how to steer a balloon, has been con-

tinually agitated. Yet we must confess that while highly interestino-

essavs have been made, which merit all our S3'mpathy, no decisive step

has been taken. In Berlin two overbold experiments have resulted

tragically. Yet experimenters have not been discouraged. ]M. Santo-

Dumont is even now preparing to contest the prize of 100,000 francs

that M. Henrj^ Deutsch has founded at the Aero Club; and Count
Zeppelin is making a new and grand attempt on the Lake of Constance

with a partitioned balloon 117 meters long, moved by two petroleum

engines acting on four screws.

But though the steering of balloons is the first and most important

problem, yet it must not be forgotten that it is likewise of very high

interest to perfect aeronautics, whether in the direction of rising to a

great height, or of remaining aloft as long as possible, or of going to a

point named in advance. For, aside from the immediate end pursued,

these ascensions lead to improvement in the instruments and methods

of aerial navigation. As examples, ma}' be mentioned the remarkable

voyage of Count de Castillon de St. Victor from Paris to Sweden, in

which the balloon traveled more than 800 miles (1,800 kilometers), and

that of the Count de la Vaulx, who succeeded in keeping his aerostat

aloft for more than thirty hours without landing. Again, we may
instance the voyage of M. Mallet, who, with the same balloon, made in

a week the tour of France, landing each day. In the matter of height,

the prize, or, to use the language of sport, the record belongs to Mr.

Berson, attached to the Meteorological Jnstitute of Berlin, who several

times rose to 26,000 feet (8,000 meters) and once as high as 30,000 feet

(9,150 meters), which is higher than the highest summits of the Hima-

layas. It is noteworthy that it was by the system of inhaling oxygen,

which had already been tried in France, that Mr. Berson was enabled

to l)ear the rarification of the air at such extraordinary heights.

Scientific ascensions have been nmch practiced in Germany, being

stimulated l)y the Berlin Aerial Navigation Society and by the liberality

of the Emperor. During the last five years no fewer than seventy-five

such ascensions have Ijeen made, and the results have been discussed

in the recent great work of Messrs. Asmann and Berson.

The heights attained l)y these balloons carrying observers are, how-

ever, necessarily limited. Even with the judicious use of oxygen, the
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observer has to contend with the hick of pressure of the air, which

causes an expansion of all the gases contained in his bod}', and, not-

withstanding the respiratory reparation by oxj^gen, the expansion may
kill the man. Other means nmst therefore be employed to carry the

investigations of science to much greater altitudes. Since the 188!»

congress, the plan of Le Monnier has been realized of sending up bal-

loons by themselves with self-registering apparatus. Here, too, there

is a limit to the attainable height, but it is nuich greater than that

of balloons carrying men. We owe to Lieutenant-Colonel Renard

excellent studies and advice for constructing and managing such bal-

loons and to Messrs. Hermite and Besancon their tirst employment in

France. The success of these first trials and of the studies made by

means of them, especially b}' Messrs. Violle and Cailletet, was such

as to lead to the appointment of an international commission repre-

senting almost every European nation, and this commission is now
holding a meeting in Paris under the presidency of Mr. Hergesel. It

is eas}^ to see that these aerial soundings, if ore ma}^ call them so,

become infinitely more interesting when the}^ are made sinudtaneously

from stations throughout a region of the earth.
*

But l)alloons are now no longer the only instruraimts employed for

meteorological researches. The highly ingenious plan of using kites

is also put into practice. These little instruments, which in China and

in ancient India were accessories of public spectacles, have become, in

the hands of our meteorologist, in imitation of Franklin, serious scien-

tific apparatus. We have lately l)een informed that Mr. Kotch, a

highly distinguished American meteorologist, has succeeded in flying-

one of these apparatus carrying his self-registers to a height of 15,800

feet (4,815 meters), little short of that of Mont Blanc. M. Teisserenc

de Bort, our devoted colleague, who has kindly consented to give a lec-

ture to the congress, has founded out of his contributions at Trappes,

not far from the old house of Port Royal, an exceedingly interesting

observatory, where meteorology is studied '\>y widely various means,

and where kites are likewise emploj^ed. One of them has lately risen

to 16,900 feet (5,150 meters). In Berlin, too, at the Meteorological

Institute, a new service has been instituted in which kites, both alone

and combined with a })alloon, are employed for the observation of

atmospheric phenomena.

It was natural that balloons, which are only rendered possible by the

atmosphere, should at tirst be used for the study of the atmosphere.

But now they l)egin to look higher, and the heavens will confer upon

them a new and honorable office. For while there are astronomical

investigations which require great instruments of the utmost stability,

there is another class of phenomena which onl}^ need to be noted

as taking place. Of this num])er are, for example, the apparitions

of comets, shooting stars, and eclipses. This extremely interesting
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application of tlie ])alloon dates from an earlier period; but it had
long- ])een neglected. 1 was always struck with its importance; and in

189S, when the Leonid shower was expected, M. Hausky made an
ascension under my direction, and ()))tained intei-esting results. Last

year, at my request, these oljservations were repeated in Paris by Mile.

Khimpke and by Messrs. Tikhoff, the Count de la Vaulx, Mallet, and
de Fonvielle. Ascensions were also made at St. Petersburg, at Strass-

burg, and in England for the same purpose. The Leonid shower of

next November will have a quite special interest. I hope it will not

pass unobserved.

I can not close this recapitulation without at least referring to work
in the direction of machines to l)e sustained and propelled exclusivel}^

by forces which they produce. The most remarkaljle results obtained

in this direction are unquestionably those of Mr. Langley, corre-

spondent of the Institute of France and Secretary of the Smithsonian

Institution at Washington. Independently of the line and profound

researches of this scientist upon the resistance of the air, ]VIr. Langley

has constructed an aeroplane which has progressed and has sustained

itself during a time notably longer than any of the apparatus previ-

ously constructed. Dr. Kichet has repeated and varied these line

experiments on the shore of- the Mediterranean. Time is wanting to

speak of other work upon aeroplanes, but it is impossible not to men-

tion the endeavors of M. Ader to construct a flying bird, or not to

recall the cruel accident which caused the death of a scientist of great

merit. I need not tell you that I refer to the unfortunate Lilienthal,

whose works on the properties of curved surfaces in aeronautics will

not allow the world to forget his name.

While we are speaking of the dead, permit me to devote a word in

memory of the scientists and aeronauts whom we have lost: Eugene

Godard,the elder, an experienced aeronaut, the constructor of the bal-

loons of the siege at the railway stations of Orleans and of the East,

whom I personally have cause to remember with gratitude for the

excellent counsels he gave me at the moment of ni}^ departure from

Paris, December 2, 1870, with the balloon Volta; Hureau de Ville-

neuve, founder of the journal L'Aeronaute and one of the founders

of the Society for Aerial Navigation; Gaston Tissandier, too, patriotic

aeronaut of the army of the Loire, the witness to the terrible drama

of the Zenith; the author, with his brother Albert, of experiments upon

using electricity to steer balloons, and founder, also, with Albert, of the

interesting journal La Nature. And still I have to mention Coxwell,

the aeronaut of Mr. Glaisher, whose noble and green old age we salute

to da}'.

Such, gentlemen, is the picture, necessarily very incomplete, of the

state of aeronautics at this moment. Is it not, however, sufficient to

show how remarkable has been the progress accomplished in the decen-

nial period it covers '(
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It nuist, however, be confessed that aeronautics has not, generally

speaking-, been endowed and encouraged hy the power.s that 1)C as it

should have been in order to attract to it all the varied orders of capa-

bility which it demands and to furnish the resources necessary for its

researches and indispensalile for its experiments. Let us not deceive

ourselves. Some nation will ha\'e the wisdom to make a great advance

in this direction, and will thereby acquire a power and advantages of

which the results can not to-day be foreseen. Thus, in the ancient

world certain great minds felt beforehand the vast importance of the

part which the liquid element was destined to play in the relations

between peoples. Themistocles said, " He who .shall make himself mas-

ter of the sea is destined to become master of the land." This flash of

genius, true already e\'en then, has by this time attained such a degree

of truth as to be obvious. What supremacy has not our neighbor been

able to gain from her fleets, which dominate the seas which are tied

round the continents, and which are mistresses of almost all the tele-

graphic comiections of the globe? Now, if the ocean has given this

power to the nation that has been wise enough to seize it, Avhat will be

the power of the coming mistress of the atmosphere? The sea has its

limits and its frontiers; the atmosphere knows no such thing. The
sea offers a mere surface to the navigator; the aeronaut can protit by

the whole depth of the atmosphere. The sea severs the continents;

the air luiites everything and dominates everything. [That the sea

separates, while the air unites, is a proposition the sense of which may
easily escape the reader. The sea renders it difficult to pass, for exam-

ple, between an island and the mainland, and a num])er of vessels sail-

ing round and round the island could cut oft' any attempt to make the

passage. Through the air, on the other hand, there will always be a

path from any one point on the earth's surface to any other, and no

matter how vigilant a patrol were instituted there would be plenty of

room to pass v/ith impunity.] When that mistress, whatever nation

she may be, accedes, in what sense will the frontiers between one State

and another any longer exist, while aerial ffeets sail over them with

complete impunity' ? True, the day of the realization of all that seems

remote enough; yet it is probable, in the light of experience, that it is

less remote than it seems. It is quite cei'tain that come it eventually

will, and that man will not give over his ambition before having made
a complete confjuest of the atmosphere. It is the part of good sense

to consider l^eforehand what are destined to be the consequences of

that revolution upon the economic conditions of life and upon the

relations between nations. Let us hope that that conquest, which

supposes an all-powerful industry and a transcendent scitMice, will

come when civilization has reached such an elevation that it will recog-

nize justice, right, and peace as alone concordant with the welfare of

mankind. It may l>e that this wish is vain, ])ut at an}' rate the discov-
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erie.s, when tho}' come, will present one a.spect under whieh their ])en-

clits will l)e undeniable and their fruits will be unmixed with any bitter;

and that is their scientific aspect. When man takes possession of this

new estate he will garner as his first harvest a complete meteorologj-,

phenomena, and cause, through the whole depth of the atmosphere,

and this knowlege, be sure, will have consequences that avc can hardly

imagine to-da^'. Agriculture, industr}^, navigation, will be trans-

formed. The same knowledge will be utilized the better to avail one's

self of the energv now wasted in the tides, in great waterfalls, and in

the solar energy" which in a given time is scattered over the earth in

six hundred thousand times the amount of what is l)rought up from

coal mines. Such will 1)6 the benefits which posterity will reap from

those pacific conquests which I love to contemplate. Here, at least,

we have no reason for other sentiments than those of joy and admira-

tion. Happy are we to have been called to contribute our stone to

such an edifice; happier still our posterity, who shall have the glory of

crowning it. This seizure of a domain from which nature seemed to

have closed all access will certainly constitute, by the constancy and

intensity of the efforts it will have cost, by the discoveries and marvel-

ous inventions that it will have provoked, one of the highest titles to

glory of which the himian race will be able to boast.





LORD RAYLEIGH ON FLIGHT.^

The first Friday evening meeting for this season of the members of

the Royal Institution took place last night, when Lord Rayleigh deliv-

ered a discourse on '"Flight." The Duke of Northumberland was in

the chair, and among the large audience were Lord and Lady Kelvin,

Sir Frederick Bramwell, Mr. A. J. Balfour, Sir Frederick Abel, Sir

William C'rookes, Sir James Crichton-Browne, Professor Dewar, Mr.
Justice Stirling, Dr. J. H. Gladstone, Mr. Hiram Maxim, and Sir

H. T. Wood.
Lord Rayleigh lirst considered the question what people generally

meant when they spoke of a tlying machine, and concluded that size

had a great deal to do with their conception, which was usually of a

machine l)ig enough to carry a man by whom it could be controlled.

The main problem of the llA'ing machine was the problem of the aero-

plane. What were the forces that acted on a plane exposed to the

wind? This was also the vital problem of kites, of which he men-

tioned some of the practical applications ])y Franklin, Archibald,

Baden-Powell, and others; ])ut kites were always anchored to the

ground, and as soon as we cast ourselves adrift from the ground the

problem l)ecame difficult, for it was then necessary to consider how
maintenance in the air could ])e managed. Now some birds seemed to

maintain themselves in the air with little effort. - What was the nature

of the "soaring" or /'sailing flight" by which a big bird maintained

itself with l)ut little flapping of the wings? There had been much

discussion about this point, often foolish because of misunderstand-

ings between the disputants. However, the science of mechanics

enabled it to ])e laid down with certainty that a bird could no more

maintain itself without motion of the wings in a uniform wind mov-

ing horizontally than in air at perfect rest. It was entirely a question

of relative motion. If, then, a bird was seen to be maintaining itself

without flapping it was certain the air was not moving horizontally and

uniformly. But there might be rising currents of air upon which it

was supported, and these were much more common than was often

supposed. In other cases where it w^as difficult to imagine the exist-

ence of such currents an explanation might be sought in the nonuni-

formity of the wind, for it was mechanically possible for a bird just

at the point of transition between two diflerent strata of wind to main-

tain its position by taking advantage of the different velocities. The

albatross, he believed, did so. Langley, again, had pointed out how

the bird could turn to account the internal work of the wind by taking

^From London Times, January 20, 1900.
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advantage of its gustiness. Leaving this subject, the lecturer dis-

cussed the general question of the action of the wind on an aeroplane.

He first showed one or two experiments illustrating the curious effects

that might be obtained from a plane exposed obliquely to wind. In

one of these it was seen that a light piece of sheet brass, evenly piv-

oted in and nearly tilling up an aperture through which air was issuing

under pressure, tended to set itself square to the aperture so as to

block it as much as possible, but, if started, it continued to rotate in

either direction, emitting a roaring sound. This phenomenon had

never been properly explained, nor had the somewhat analogous action

of a piece of card, which, when dropped, reached the ground Avith a

rotatory motion. As to the pressure of the Avind on a plane surface,

if the latter was falling verticallj^ at the rate, sa}", of 4 miles an hour,

and also moving horizontally at, say, 20 miles an hour, did the hori-

zontal motion make a difference to the pressure that existed at its

under surface? It might be argued that it did not; but the argument

was fallacious, and the truth was that the horizontal motion nuich

increased the pressure under a vertically falling plane, a fact on which

depended the possibilit}- of flight, natural and artificial. Lord Ra}^-

leigh showed how this point might be illustrated, and even investi-

gated, by means of a simple variation of the ordinary windmill.

This was a light wheel having six vanes, each of which could be set

at any desired angle, and it was used by setting four at a particular

angle and ffnding at what angle the other two must be placed so as to

compensate the rotation of the wheel produced by the former when it

was moved quickly through the air. He next observed that not only

was there pressure underneath a bird's wing or an aeroplane, but that

the suction above was not an unimportant matter, and he performed

an experiment to show the reality of this suction, about which he said

there had been some skepticism. Turning to flight on a large scale,

he remarked that it was a natural question to ask, Was it possible for

a man to raise himself from the ground by working a screw with his

own muscular power only? The investigation was not difficult, and

the answer was that it was quite impracticable for him to do so. Arti-

ficial flight was a question of the speed of the horizontal motion. A
bird did not use a revolving mechanism like a screw to propel itself,

but he had no doubt that a revolving mechanism was the most suitable

for artificial fl^^ing machines. Whether the difficulties of these would
be surmounted he did not know, but he was di.sposed to agree with Mr.
Maxim that it was mainly a question of some time and much money.
Still, he did not think flight would ever be a safe mode of conveyance
for those who were desirous of going out for a day's shopping, for it

was hard to see how alighting on the ground could ever be rendered

quite free from danger. But, as Mr. Maxim once remarked, the first

use of flying machines would be for military purposes, and they had
not yet succeeded in making war quite safe.



THE I.ANGLEY AERODROME.

I, NOTE PREPARED FOR THE CONVERSAZIONE OF THE AMERICAN INSTI-

TUTE OF ELECTRICAL ENGINEERS, NEW YORK CITY, APRIL 12, 1901.

What is popularly known as the "flying machine" is literally a

machine, without gas to support it, in no way resembling a ])alloon,

and which its inventor has called the Aerodrome. The Aerodrome
(from words signifying "air runner") is, then, the name given to

this apparatus by Mr. Langley to indicate the principle of its action,

which in no way resembles that of a balloon that floats, because

it is lighter than the air, while the aerodrome is hundreds of times

heavier than the air. The weighty machine owes its support to another

principle—that is, to the 7xij)idi.ty with which it runs over the air, like

a skater on thin ice. The balloon in a calm remains indefinitely sus-

pended over one spot. This machine, built almost entirely of steel, is

far heavier in relation to the air than a ship of solid lead would be in

relation to the water, and could not remain in the air if still.

The essence of its action, then, is in its motion, without which it

could not remain suspended. It is moved rapidly b}^ a steam engine,

carrying its own fuel and its water supply, by which it can be kept

up indefiniteh', while it is also, and by the necessity of its own action,

rapidly advancing.

This may all be admitted as probably true in theory, but it is not

generallv known that this has actually been done.

The two large photographs are each about one-third the full size of

one of several working models,^ each of which is driven by a steam

engine of over 1:^ horsepower. This and other like models have re-

pcatedl}^ flown distances of over half a mile, at a speed of from 20 to

30 miles an hour.

This actual result has not been advertised, and is comparatively little

known, though these models are believed to have done something

absolutely new in the history of the world. They are the product of a

great many years of assiduous labor, and represent the condition of the

experiments in Mr. Langley's hands up to the close of the year 1896,

since which time he has made no public statement of his work, which is

understood to be still going on in connection with experiments for the

War Department in demonstrating the possible uses of the future

aerodrome as an engine of war.

1 Here shown in reduced size, Plates IV, V.

SM 1900 li
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Reverting to the present models, they represent a machine whose

weight is about 30 pounds, one-fourth of which is contained in the

engine and machinery, which is of unexampled lightness. Within the

small body, seen in the photograph suspended under the main rod, is

contained everything for generating li (brake) horsepower, the total

weight of fire grate, boiler, and every accessory being less than 7

pounds. The engine, with its cylinders, pistons, and every moving

part, weighs 26 ounces. This puts in motion the propellers, which,

turning at a rate of between 800 and 1,200 revolutions per minute,

drives the aerodrome at a speed which varies greatly, according to the

inclination given to the motionless "wings."

Mr. Langley, after a great many years of preliminarj'' experiment on

supporting surfaces, which he has described in his "Experiments in

aerodynamics," first made a remarkable, and to the engineer, most para-

doxical statement; namely, that in such aerial navigation as was there

shown to be possible, under certain definite conditions the power

required would in theory diminish indefinitely as the speed increased,

and that it would actually diminish in practice up to a certain limit.

This statement, which has since been called "Langley's law," is

justified in practice, but the conditions which give this increase of

speed with decrease of power are limited by others which demand

that the flight should be made in safety and without that danger of

accident which might come in applying rigorously exact theoi'etical

conclusions without regard to the securit}^ of the flight. The actual

speed which was obtained, then, was under conditions where security

was chiefly sought.

In the experiments which have hitherto been made, safety has accord-

ingly been the first consideration, and the "wings," or rather the

motionless supporting surfaces, have been given such an inclination

as to cause the speed to be limited to between 20 and 30 miles an hour.

The machine has actually traveled very much faster than this, but its

higher speeds have not been measured.

The aerodrome was launched from a specialh' constructed house

boat on the Potomac in a secluded spot about 30 miles below Wash-
ington, and was supplied with water for a short course lest it should,

in its uncontrolled flight, go altogether out of reach, and lose itself in

the neighboring Virginia forests. The idea of making the flight over

water from a house boat or raft may appear obvious when once stated,

but like many simple results it was only reached after long experi-

ment with other methods, and its utilit}' has since been shown by its

employment by others. There was no other reason why it should not

fly for an indefinite time except the waste of water, which in the model

had no provision for its renewal by condensation. This aerodrome,

which is one of several which have flown considerable distances, per-

formed this first flight on May 6, 1896, at a private trial of which Dr.
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Alexander Graham Bell was the only witness. His contemporary
statement may be found in the Comptes Rendus of the French Insti-

tute, CXXII, May 26, 1896.

A similar statement by him in the pages of Nature, May 28, 1896,

vol. 54, is as follows:

Through the courtesy of Mr. S. P. Langley, Secretary of the Smithsonian Institu-

tion, I have had on various occasions the privilege of witnessing his experiments
with aerodromes, and especially the remarkable success attained by him in experi-

ments made on the Potomac River on Wednesday, May 6, which led me to urge him
to make public some of these results.

I had the pleasure of witnessing the successful flight of some of these aerodromes
more than a year ago, but Professor Langley' s reluctance to make the results public

at that time prevented me from asking him, as I have done since, to let me give an
account of what I saw.

On the date named two ascensions were made by the aerodrome, or so-called "fly-

ing machine," which I will not describe here further than to say that it appeared to

me to be built almost entirely of metal and driven by a steam engine, which I have
understood was carrying fuel and a water supply for a very brief period, and which
was of extraordinary lightness.

The absolute weight of the aerodrome, including that of the engine and all appur-

tenances, was, as I was told, about 25 pounds, and the distance from tip to tip of the

supporting surfaces was, as I observed, about 12 or 14 feet.

The method of propulsion was by aerial screw propellers, and there was no gas or

other aid for lifting it in the air except its own internal energy.

On the occasion referred to the aerodrome at a given signal started from a plat-

form about 20 feet above the water and rose at first directly in the face of the wind,

moving at all times with remarkable steadiness, and subsequently swinging around

in large curves of perhaps a hundred yards in diameter, and continually ascending

until its steam was exhausted, when, at a lapse of about a minute and a half and at

a height which I judged to be between 80 and 100 feet in the air, the wheels ceased

turning, and the machine, deprived of the aid of its propellers, to my surprise did

not fall, but settled down so softly and gently that it touched the water without the

least shock, and was in fact immediately ready for another trial.

In the second trial, which followed directly, it repeated in nearly every respect the

actions of the first, except that the direction of its course was different. It ascended

again in the face of the wind, afterwards moving steadily and continually in large

curves accompanied with a rising motion and a lateral advance. Its motion was, in

fact, so steady that I think a glass of water on its surface would have remained

unspilled. When the steam gave out again it repeated for a second time the expe-

rience of the first trial when the steam had ceased, and settled gently and easily down.

What height it reached at this trial I can not say, as I was not so favorably placed as

in the first, but I had occasion to notice that this time its course took it over a wooded

promontory, and I was relieved of some apprehension in seeing that it was already

so high as to pass the tree tops by 20 or 30 feet. It reached the water one minute

and thirty-one seconds from the time it started, at a measured distance of over 900

feet from the point at which it rose.

This, however, was by no means the length of its flight. I estimated from the

diameter of the curve described, from the number of turns of the propellers, as given

by the automatic coimter, after due allowance for slip, and from other measures, that

the actual length of flight on each occasion was slightly over 3,000 feet. It is at least

safe to say that each exceeded half an English mile.

From the time and distance it will be noticed that the velocity was between 20 and

25 miles an hour, in a course which was constantly taking it "up hill." I may add
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that on a previous occasion I have seen a far higher velocity attained by the same

aerodrome when its course was horizontal.

I have no desire to enter into detail further than I have done, but I can not but

add that it seems to me that no one who was present on this interesting occasion

could have failed to recognize that the practicability of mechanical flight had been

demonstrated.
Alexander Graham Bell.

No adequate pictures have been made of the actual flight of the aero-

drome, which from the rapidity of its motion required very special

preparation; but Dr. Bell made on the uniquely interesting occasion

of the fii'st flight some photographs with a small pocket camera, from

which pictures have been taken. They are necessarily inadequate as

pictures, but they distinctly exhibit the aerodrome as a distant and

elevated object in the air. (PI. VI.)

II. PAPER FROM m'cLURE's MAGAZINE.

[To partly satisfy a public curiosity which could not be altogether

gratified, Mr. Langley wrote a wholl}" popular and untechnical account

of the work which had gone on up to June, 1896, in McClure's Maga-
zine. By the courtesj^ of the publishers he has been enabled to make
considerable extracts from this article, which are reprinted here.

Attached to the present paper is an entirely mechanical reproduction

of an instantaneous photograph (Plate VI) taken by Dr. Alexander

Graham Bell, showing the aerodrome in actual flight, and which has

never before been published. The original was taken with a small

pocket camera and has been very greatly enlarged for the present

article. It is necessarily inadequate, considered as a picture, but it is

uniquely interesting as giving a distinct exhibit of the aerodrome as

a distant elevated object in the air. The woods beneath it are the

trees on the secluded island of Chopawamsic, near Quantico, on the

Virginia shore of the Potomac River about 30 miles below Washing-

ton, where the flight occurred on May 6, 1896.]

THE '
' FLYING MACHINE. "

^

* * * Nature has made her flying machine in the bird, which is

nearly a thousand times as heavy as the air its bulk displaces, and

only those who have tried to rival it know how inimitable her work is,

for the ""way of a bird in the air" remains as wonderftil to us as it

was to Solomon, and the sight of the bird has constantly held this

wonder before men's eyes and in some men's minds, and kept the flame of

hope from utter extinction, in spite of long disappointment. I well

remember how, as a child, when lying in a New England pasture, I

watched a hawk soaring far up in the blue, and sailing for a long time

'Reprinted, by permission, from McClure's Magazine, June, 1897. See also Story

of Experiments in Mechanical Flight, by S. P. Langley, in Smithsonian Report,

1897, pp. 169-181.
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without an}- niotion of its wino-.^, as though it needed no work to sustain it,

but was kept up there b}' some miracle. But, however sustained, I saw
it sweep, in a few seconds of its leisurely flight, over a distance that tome
was encumbered with ever}- sort of obstacle, which did not exist for it.

The wall over which I had climbed when I left the road, the ravine I

had crossed, the patch of undergrowth through which I had pushed
my wa}-—all these were nothing to the bird, and while the road had
only taken me in one direction, the bird's level highway led everv-

where, and opened the way into every nook and corner of the land-

scape. How wonderfully easy, too, was its flight! There was not a

flutter of its pinions as it swept over the field, in a motion which

seemed as eflortless as that of its shadow.

After many years and in mature life, I was brought to think of

these things again, and to ask myself whether the problem of artificial

flight was as hopeless and as absurd as it was then thought to be.

Nature had solved it, and wh}^ not man ? Perhaps it was because he

had begun at the wrong end, and attempted to construct machines to

fly before knowing the principles on which flight rested. I turned for

these principles to my books and got no help. Sir Isaac Newton had

indicated a rule for finding the resistance to advance through the air,

which seemed, if correct, to call for enormous mechanical power, and

a distinguished French mathematician had given a formula showing

how rapidl}- the power must increase with the velocity of flight, and

according to which a swallow, to attain a speed it is now known to

reach, must be possessed of the strength of a man.

Kemembering the eflortless flight of the soaring bird, it seemed that

the first thing to do was to discard rules which led to such results, and

to commence new experiments, not to build a flying machine at once,

but to find the principles upon which one should be built; to find, for

instance, with certaint}^ by direct trial how much horsepower was

needed to sustain a surface of given weight by means of its motion

through the air.

Having decided to look for myself at these questions, and at first

hand, the apparatus for this preliminary investigation was installed at

Allegheny, Pa., about ten years ago. It consisted of a "whirling

table" of unprecedented size, mounted in the open air, and driven

round by a steam engine, so that the end of its revolving arm swept

through a circumference of 200 feet, at all speeds up to 70 miles an

hour. At the end of this arm was placed the appai-atus to be tested,

and, among other things, this included surfaces disposed like wings,

which were hung from the end of the arm and dragged through the

air till its resistance supported them as a kite is supported by the wind.

One of the first things observed was that if it took a certain strain to

sustain a properly disposed weight while it was stationary in the air,

then not only to suspend it but to advance it rapidly at the same time
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took less strain than in the tirst case. A plate of ])rass woiohing 1

pound, for instance, was hung- from the end of the arm by a spring,

which was drawn out till it registered that pound weight when the arm

was still. When the arm was in motion, with the spring pulling the

plate after it, it might naturally be supposed that, as it was drawn

faster, the pull would be greater, but the contrary was observed, for

under these circumstances the spring contracted till it registered less

than an ounce. When the speed increased to that of a bird, the brass

plate seemed to float on the air, and not only this, but taking into con-

sideration both the strain and the velocity, it was found that absolutely

less power was spent to make the plate move fast than slow, a result

which seemed very extraordinary, since in all methods of land and

water transport a high speed costs much more power than a slow one

for the same distance.

These experiments were continued for three years, with the general

conclusion that by simply moving any given weight of this form fast

enough in a horizontal path it was possible to sustain it with less than

one-twentieth of the power that Newton's rule called for. In particular

it was proved that if we could insure horizontal flight without friction,

about 200 pounds of such plates could be moved through the air at the

speed of an express train and sustained upon it, with the expenditure

of 1 horsepower, sustained, that is, without any gas to lighten the

weight, or by other means of flotation than the air over which it is

made to run, as a swift skater runs safely over thin ice, or a skipping

stone goes over water without sinking, till its speed is exhausted.

This was saying that, so far as power alone was concerned, mechanical

flight was theoretically possible with engines we could then build, since

I was satisfled that boilers and engines could be constructed to weigh

less than 20 pounds to the horsepower, and that 1 horsepower would,

in theorj^ at least, support nearly ten times that if the flight were hori-

zontal. Almost everything, it will be noticed, depends on this; for if

the flight is downward it will end at the ground, and if upward the

machine will be climbing an invisible hill, with the same or a greater

eflort than every bicycler experiences with a real one. Speed, then,

and this speed expended in a horizontal course, were the first two
requisites. This was not saying that a fl3"ing machine could be started

from the ground, guided into such flight in any direction, and brought

back to earth in safet3^ There was, then, something more than power
needed; that is, skill to use it, and the reader should notice the dis-

tinction. Hitherto it had always been supposed that it was wholly the

lack of mechanical power to fly which made mechanical flight impossible.

The first stage of the investigation had shown how nuich, or rather

how little, power was needed in theory for the horizontal flight of a

given weight, and the second stage, which was now to be entered upon,

was to sho.w tirst how to procure this power with as little weight as
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p()ssil)h% and, having it, tiow b}' its means to acquire this horizontal

tiight in practice; that is, how to acquire the art of fiight or how to

build a ship that could actually navigate the air.

One thing which was made clear by these preliminary expei-iuients,

and made clear nearly for the first time, was that if a surface be made
to advance rapidly, we secure an essential adv^antage in our ability to

support it. Clearly we want the advance to get from place to place;

but it proves also to be the only practicable way of supporting the thing

at all, to thus take advantage of the inertia of the air, and this point

is so all-important that we will renew an old illustration of it. The
idea in a vague sense is as ancient as classical times. Pope says:

Swift Camilla scours the plain,

Flies o'er the unbending corn, and skims along the main.

Now, is this really so in the sense that a Camilla, by running fast

enough, could run over the tops of the corn? 7/^ she ran fast enough,

yes; but the idea may be shown better by the analogous case of a

skater who can glide safely over the thinnest ice if the speed is

sufficient.

Think of a cake of ice of any small size, suppose a foot square. It

possesses (like everything else in nature) inertia or resistance to dis-

placement, and this will be less or more according to the mass moved.

If the skater stands during a single second upon this small mass it will

sink under him until he is perhaps waist deep in the water, while a

cake of the same width but twice the length will yield only about half

as readily to his weight. On this he will sink only to his knees, we
may suppose, while if we think of another cake ten times as long as

the first—that is, 1 foot wide and 10 feet long—we see that on this,

during the same second, he will not sink above his feet. This is all

plain enough; but now suppose the long cake to be divided into ten

distinct portions, then it ought to be equalh' clear that the skater who

glides over the whole in a second distributes his weight over just as

much ice as though all ten were in one solid piece. So it is with the

air. Even the viewless air possesses inertia; it can not be pushed

aside without some effort; and while the portion which is directly

under the airship would not keep it from falling several yards in the

first second, if the ship goes forward so that it runs or treads on

thousands of such portions in that time, it will sink in proportionately

less degree; smk perhaps only through a fraction of an inch.

Speed, then, is indispensable here. A balloon, like a ship, will

float over one spot in safety, but our flying machine must be in motion

to sustain itself, and in motion, in fact, before it can even begin

to fly.

Perhaps we may more fully understand what is meant by looking at

a boy's kite. Everyone knows that it is held by a string against the
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wind, which sustains it, and that it falls in a cahn. Most of us remem-

ber that even in a cahii, if we run and draw it along it will still keep

up, for what is required is motion relative to the air, however

obtained.

It can be obtained without the cord if the same pull is given by an

engine and propellers strong enough to draw it and light enough to be

attached to and sustained by it. The stronger the pull and the quicker

the motion, the heavier the kite may be made. It may be, instead of

a sheet of paper, a sheet of metal even, like the plate of brass which

has already been mentioned as seeming, when in rapid motion, to float

upon the air, and, if it will make the principle involved more clear,

the reader may think of our aerodrome as a great steel kite made to

run fast enough over the air to sustain itself, whether in a calm or in

a wind, by means of its propelling machinery, which takes the place

of the string.

And now, having the theory of the flight before us, let us come to

the practice. The first thing will be to provide an engine of unprece-

dented lightness that is to furnish the power. A few years ago an

engine that developed a horsepower weighed nearly as much as the

actual horse did. We have got to begin b}" trying to make an engine

which shall weigh, everything complete, boiler and all, not more than

20 pounds to the horsepower, and preferably less than 10; but even

if we have done this very hard thing we may be said to have only

fought our way up to an enormous difficulty, for the next question

will be how to use the power it gives so as to get a horizontal flight.

We must then consider through what means the power is to be applied

when we get it, and whether we shall, for instance, have wings or

screws. At first it seems as though nature must know best, and that

since her flying models, birds, are exclusively employing wings, this

is the thing for us; but perhaps this is not the case. If we had imi-

tated the horse or the ox, and made the machine which draws our

trains walk on legs we should undoubtedly never have done as well as

with the locomotive rolling on wheels; or if we had imitated the whale,

with its fins, we should not have had so good a boat as we now have in

the steamship with the paddle wheels or the screw, both of which are

constructions that nature never employs. This is so important a point

that we will look at the way nature got her models. Here is a human
skeleton, and here one of a bird, drawn to the same scale (PI. I).

Apparently nature made one out of the other, or both out of some
common type, and the closer we look the more curious the likeness

appears.

Here is a wing from a soaring bird, here the same wing stripped

of its feathers, and here the bones of a human arm, on the same scale.

IMow, on comparing them, we see still more clearly than in the skeleton

that the bird's wing has developed out of something like our own arm.

]
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First t'onu's the humorus, or prineijDal bone of the upper arm, which
is in the wing- also (PI. 1). Next we see that the forearm of the bird

repeats the radius and ubui, or two bones of our own forearm, while

our wrist and finger bones are modified in the bird to carry the feathers,

but are still there. To make the bird, then, nature appears to have

taken what material she had in stock, so to speak, and developed it

into something that would do. It was all that nature had to work on,

and she has done wonderfully well with such unpromising- material;

but an3'one can see that our arms would not be the best thing to make
flying machines out of, and that there is no need of our starting there

when we can start with something l)etter and develop that. Flapping

wings might be made on other principles, and perhaps will be found

in future flying machines, but the most promising thing to try seemed

to me to l)e the screw propeller.

Some twent}" years ago, Penaud, a Frenchman, made a toy, consist-

ing of a flat, immovable, sustaining wing surface, a flat tail, and a

small propelling screw. He made the wing and tail

out of paper or silk, and the propeller out of cork I

and feathers, and it was driven directly b}'^ strands of |

india-ru))))er twisted lamplighter fashion, and which ^ ' "v.

turned the wheel as they untwisted. L J

The great difficulty of the task of creating a flying yN.

machine may be partly understood when it is stated <^^^0
that no machine in the w^hole history of invention, pgn^uds flying toy

unless it were this toy of Penaud's, had ever, so far as (one-eighth of ac-

I can learn, flown for even ten seconds; but something

that will actually fly must be had to teach the art of "balancing."

When experiments are made with models moving on a whirling

table or running on a railroad track, these ^yq forced to move horizon-

tally and at the same time are held so that thej^can not turn over; but

in free flight there will be nothing to secure this, unless the air ship

is so adjusted in all its parts that it tends to move steadily and hori-

zontally, and the acquisition of this adjustment or art of "balancing"

in the air is an enormously difficult thing, and which, it will be seen

later, took years to acquire.

My first experiments in it, then, were with models like these, but

from them I got only a rude idea how to balance the future aero-

drome, partly on account of the brevity of their flight, which only

lasted a few seconds, partly on account of its irregularity. Although,

then, much time and labor were spent by me on these, it was not pos-

sible to learn much about the balancing from them.

Thus it appeared that something which could give longer and steadier

flights than india rubber must be used as a motor, even for the prelim-

inary trials, and calculations and experiments were made upon the use

of compressed air, carbonic-acid gas, electricity in primary and storage
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batteries, unci numerous other contrivances, but all in vain. The gas

engine promised to be best ultimately, but nothing save steam gave

any promise of immediate success in supporting a machine which would

teach these conditions of flight by actual trial, for all were too heavy,

weight being the great enemy. It was true also that the steam-driven

model could not be properly constructed until the principal conditions

of flight were learned, nor these be learned till the working model was

experimented with, so that it seemed that the inventor was shut up in

a sort of vicious circle.

However, it was necessary to begin in some way, or give up at the

outset, and the construction began with a machine to be driven by a

steam engine, through the means of propeller wheels, somewhat like

the twin screws of a modern steamship, but placed amidships, not at

the stern. There were to be rigid and motionless wings, slightly

inclined, like the surface of a kite, and a construction was made on

this plan which gave, if much disappointment, a good deal of useful

experience. It was intended to make a machine that would weigh 20

or 25 pounds, constructed of steel tubes. The engines were made with

the best advice to be got (I am not an engineer) ; but while the boiler

was a good deal too heavy, it was still too small to get up steam for

the engines, which weighed about 4 pounds, and could have developed

a horsepower if there were steam enough. This machine, which was

to be moved by two propelling screws, was labored on for man}^

months, with the result that the weight was constantly increased

beyond the estimate until, before it was done, the whole weighed over

40 pounds, and 3'et could only get steam for about a half horsepower,

which, after deductions for loss in transmission, would give not more
than half that again in actual thrust. It was clear that whatever pains

it had cost, it must be abandoned.

This aerodrome could not then have flown; but having learned from

it the formidable difiiculty of making such a thing light enough,

another was constructed, which was made in the other extreme, with

two engines to be driven by compressed air, the whole weighing but

5 or 6 pounds. The power proved insufiicient. Then came another,

with engines to use carbonic-acid gas, which failed from a similar

cause. Then followed a small one to be run by steam, which gave

some promise of success, but when tried indoors it was found to lift

only about one-sixth of its own weight. In each of these the con-

struction of the whole was remodeled to get the greatest strength and

lightness combined, but though each was an improvement on its pre-

decessor, it seemed to become more and more doubtful whether it

could ever be made sufficiently light, and whether the desired end

could be reached at all.

The chief obstacle proved to be not with the engines, which were

made surprisingly light after suflicient experiment. The great difli-

culty was to make a boiler of almost no weight which would give
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titeaui enough, and this was a most wearying one. There must be also

a certain amount of wing surface, and large wings weighed prohibit-

ively; there must be a frame to hold all together, and the frame, if

made strong enough, must yet weigh so little that it seemed impossi-

ble to make it. These were the difficulties that I still found myself in

after two years of experiment, and it seemed at this stage again as if

it must, after all, be given up as a hopeless task, for somehow the

thing had to be built stronger and lighter yet.

Now, in all ordinarj' construction, as in building a steamboaf or a

house, engineers have what they call a factor of safety. An iron

column, for instance, will be made strong enough to hold live or ten

times the weight that is ever going to be put upon it, but if we try

anything of the kind here the construction will be too heavy to fly.

Everything in the work has got to be so light as to be on the edge of

breaking down and disaster, and when the breakdown comes all we
can do is to find what is the weakest part and make that part stronger;

and in this way work went on, week by week and month by month,

constantly altering the form of construction so as to strengthen the

weakest parts, until, to abridge a story which extended over years, it

was finally brought nearly to the shape it is now, where the completed

mechanism, furnishing over a horsepower, weighs collectivel}^ some-

thing less than 7 pounds. This does not include water, the amount of

which depends on how long we are to run-; but the whole thing, as now
constructed, boiler, tire grate, and all that is required to turn out an

actual horsepower and more, weighs something less than one one-hun-

dredth part of what the horse himself does. I am here anticipating;

but after these first three years something not greatly inferior to this

was already reached, and so long ago as that, there had accordingly

been secured mechanical power to flv, if that were all—but it is not

all.

After that came years more of delay arising from other causes, and
I can hardly repeat the long story of subsequent disappointment,

which connuenced with the first attempts at actual flight.

Mechanical power to fly was, as I say, obtained three years ago; the

machine could lift itself if it ran along a railroad track, and it might
seem as though, when it could lift itself, the problem was solved. I

knew that it was far from solved, but felt that the point was reached

where an attempt at actual free flight should be made, though the

anticipated difficulties of this were of quite another order than those

experienced in shop construction. It is enough to look up at the

gulls or buzzards soaring overhead, and to watch the incessant rock-

ing and balancing which accompanies their gliding motion, to appre-

hend that they find something more than mere strength of wing neces-

sary, and that the machine would have need of something more than

mechanical power, though what this something was was not clear. It

looked as though it might need a power like instinctive adaptation to
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the varying needs of each moment, something that even an intelligent

steersman on board could hardly supply, but to find what this was a

trial had to be made. The first difliculty seemed to be to make the

initial flight in such conditions that the machine would not wreck

itself at the outset in its descent, and the first question was where to

attempt to make the flight.

It became clear, without much thought, that since the machine was

at fiist unprovided with any means to save it from breakage on strik-

ing against the ground, it would be well in the initial stage of the

experiment not to have it light on the ground at all, but on the water.

As it was probable that while skill in launching was being gained, and

until after practice had made perfect, failures would occur, and as it

was not desired to make any public exhibition of these, a great many
places were examined along the shores of the Potomac and on its high

bluffs which were condemned partly for their publicity, but partly for

another reason. In the course of my experiments I had found out,

among the infinite things pertaining to this problem, that the machine

must begin to fly in the face of the wind and just in the opposite

way to a ship, which begins its vo3^age with the wind behind it.

If the reader has ever noticed a soaring bird get upon the wing he

will see that it does so with the breeze against it, and thus whenever

the aerodrome is cast into the air it must face a wind which may hap-

pen to blow from the north, south, east, or west, and we had better

not make the launching station a place like the bank of a riv^er, where
it can go only one way. It was necessary, then, to send it from some-

thing which could be turned in any direction, and taking this need in

connection with the desirability that at first the airship should light in

the water, there came at last the idea (which seems obvious enough
when it is stated) of getting some kind of a barge or boat and build-

ing a small structure upon it which could house the aerodrome when
not in use, and from whose flat roof it could be launched in any direc-

tion. Means for this were limited, but a little "scow" was procured,

and on it was built a primitive sort of a house, one story high, and on
the house a platform about 10 feet higher, so that the top of the plat-

form was about 20 feet from the water, and this was to be the place of

the launch (PI. II). This boat it was found necessary to take down the

river as much as 30 miles from Washington, where I then was—since

no suitable place could be found nearer^toan island having a stretch of

quiet water between it and the main shore; and here the first experi-

ments in attempted flight developed difiiculties of a new kind—diffi-

culties which were partly anticipated, but which nobody would probably
have conjectured would be of their actually formidable character, which
was such as for a long time to prevent any trial being made at all.

They arose partly out of the fact that even such a flying machine as a

soaring bird has to get up an artificial speed before it is on the wing.
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Some soaring- birds do this by an initial run upon the ground, and OA^en

under the most urgent pressure can not fl}^ without it.

Take the following graphic description of the commencement of an
eagle's flight (the writer was in Egypt, and the "sandy soil" was that

of the banks of the Nile):

An approach to within 80 yards aroused the king of birds from his apathy. He
partly opened his enormous wings, but stirs not yet from his station. On gaining a

few feet more he begins to imlk away with half-expanded, but motionless, wings.

Now for the -chance. Fire! A charge of No. 3 from eleven bore rattles audibly but

ineffectively upon his densely feathered body; his walk increases to a run, he gathers

speed with his slowly waving wings, and eventually leaves the ground. Rising at a
gradual inclination, he mounts aloft and sails majestically away to his place of

refuge in the Libyan range, distant at least 5 miles from where he rose. Some frag-

ments of feathers denoted the spot where the shot had struck him. The marks of

his claws were traceable in the sandy soil, as, at first with firm and decided digs, he
forced his way; but as he lightened his body and increased his speed with the aid of his

wings, the imprints of his talons gradually merged into long scratches. The meas-

ured distance from the point where these vanished to the place where he had stood

proved that with all the stimulus that the shot must have given to his exertions he
had been compelled to run full 20 yards before he could raise himself from the earth.

We have not all had a chance to see this striking illustration of the

necessity of getting up a preliminary speed before soaring, but many
of us have disturbed wild ducks on the water and noticed them run

along it, flapping their wings for some distance to get velocit}^ before

they can fly, and the necessity of the initial velocit}" is at least as great

with our flying machine as it is with a bird.

To get up this preliminary speed many plans were proposed, one of

which was to put the aerodrome on the deck of a steamboat, and go

faster and faster until the head wind lifted it oft' the deck. This

sounds reasonable, but is absoluteh^ impracticable, for when the aero-

drome is set up anywhere in the open airw^etind that the very slightest

wind will turn it over, unless it is firmly held. The whole nmst be in

motion, but in motion from something to which it is held till that criti-

cal instant when it is set free as it springs into the air.

The house boat was fitted with an apparatus for launching the aero-

drome with a certain initial velocitv, and was (in 1893) taken down the

river and moored in the stretch of quiet water I have mentioned—the

general features of the place being indicated on the accompanying

map, page 21.5—and it was here that the first trials at launching were

made, under the difliculties to which I have alluded.

Perhaps the reader will take patience to hear an abstract of a part

of the diary of these trials, which commenced with a small aerodrome

which had finally been built to weigh only about 10 pounds, which had

an engine of not quite one-half horsepower, and which could lift much

more than was theoretically necessary to enable it to fly. The exact

construction of this earh^ aerodrome is unimportant, as it was replaced
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later by an improved one, of which a drawing is given on page 213, hut

it was the first outcome of the series of experiments which had occupied

three years, though the disposition of its supporting surfaces, which

should cause it to be properly balanced in the air and neither ^y up

nor down, had yet to be ascertained by trial.

What must still precede this trial was the provision of the apparatus

for launching it into the air. It is a difficult thing to launch a ship,

although gravity keeps it down upon the ways, but the problem here

is that of launching a kind of ship whieh is as ready to go up into the

air like a balloon as to go off sideways, and readier to do either than

to go straight forward, as it is wanted to do, for though there is no

gas in the fl.ying machine, its great extent of wing surface renders it

something like an albatross on a ship's deck—the most unmanageable

and helpless of creatures until it is in its proper element.

If there were an absolute calm, which never really happens, it would

still be impracticable to launch it as a ship is launched, because the

wind made by running it along would get under the wings and turn

it over. But there is always more or less wind, and even the gentlest

breeze was afterwards found to make the air ship unmanageable

unless it was absolutely clamped down to whatever served to launch it,

and when it was thus firmly clamped, as it must be at several distinct

points, it was necessary that it should be released simultaneously at

all these at the one critical instant that it was leaping into the air.

This is another difficult condition, but that it is an indispensable one

may be inferred from what has been said. In the first form of launch-

ing piece this initial velocitj^ was sought to be attained by a spring,

which threw forward the supporting frame on which the aerodrome

rested; but at this time the extreme susceptibility of the whole con-

struction to injury from the wind and the need of protecting it from
even the gentlest breeze had not been appreciated by experience. On
November 18, 1893, the aerodrome had been taken down the river,

and the whole day was spent in waiting for a calm, as the machine
could not be held in position for launching for two seconds in the

lightest breeze. The party returned to Washington and came down
again on the 20th, and although it seemed that there was scarcely any
movement in the air, what little remained was enough to make it

impossible to maintain the aerodrome in position. It was let go, not-

withstanding, and a portion struck against the edge of the launching

piece, and all fell into the water before it had an opportunity to fly.

On the 24th another trip was made and another day spent inefl'ect-

ively on account of the wind. On the 27th there was a similar expe-
rience, and here four days and four (round-trip) journeys of 60 miles

each had been spent without a single result. This may seem to be a
trial of patience, but it was repeated in December, when five fruitless

trips were made, and thus nine sucli trips were made in these two
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months and but once was the aerodrome even attempted to be launched,

and this attempt was attended with disaster. The principal cause lay,

as I have said, in the unrecognized amount of difficulty introduced

even by the very smallest wind, as a breeze of 3 or 4 miles an hour,

hardly perceptible to the face, was enough to keep the airship from
resting in place for the critical seconds preceding the launching.

If we remember that this is all irrespective of the fitness of the

launching piece itself, which at first did not get even a chance for trial,

some of the difficulties may be better understood; and there were many
others.

During most of the year of 1894 there was the same record of defeat.

Five more trial trips were made in the spring and summer, during which

various forms of launching apparatus were tried with varied forms of

disaster. Then it was sought to hold the aerodrome out over the water

and let it drop from the greatest attainable height, with the hope that

it might acquire the requisite speed of advance before the water was

reached. It will hardly be anticipated that it was found impracticable

at first to simply let it drop without something going wrong, but so it

was, and it soon became evident that even were this not the case a far

greater time of fall was requisite for this method than that at com-

mand. The result was that in all these eleven months the aerodrome

had not been launched, owing to difficulties which seem so slight that

one who has not experienced them may wonder at the trouble they

caused.

Finally, in October, 1894, an entirely new launching apparatus was

completed, which embodied the dozen or more requisites, the need for

which had been independently proved in this long process of trial and

error. Among these was the primary one that it was capable of

sending the aerodrome off at the requisite initial speed, in the face of

a wind from whichever quarter it blew, and it had many more facilities

which practice had proved indispensable. (PI. III.)

This new launching piece did its work in this respect effectively, and

subsequent disaster was, at any rate, not due to it. But now a new

series of failures took place, which could not be attributed to any

defect of the launching apparatus, but to a cause which was at first

obscure, for sometimes the aerodrome, when successfully launched

would dash down forward and into the water, and sometimes (under

apparently identically like conditions) would sweep almost vertically

upward in the air and fall back, thus behaving in entirely opposite

ways, although the circumstances of flight seemed to be the same. The

cause of this class of failure was finally found in the fact that as soon

as the whole was upborne by the air, the wings yielded under the

pressure which supported them, and were momentarily distorted from

the form designed and which they appeared to possess. "Momen-

tarily,'' but enough to cause the wind to catch the top, directing the
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flight downward, or under them, directing it upward, and to wreck the

experiment. When the cause of the difficulty was found, the cure

was not easy, for it was necessary to make these great sustaining sur-

faces rigid so that they could not fjend, and to do this without making

them heavy, since weight was still the enemy; and nearly a year passed

in these experiments.

Has the reader enough of this tale of disaster? If so, he may be

spared the account of what went on in the same way. Launch after

launch was successively made. The wings were finally, and after infi-

nite patience and labor, made at once light enough and strong enough

to do the work, and now in the long struggle the way had been fought

up to the face of the final difiiculty, in which nearly a year more passed,

for the all-important difiiculty of balancing the aerodrome was now
reached, where it could be discriminated from other preliminary ones,

which have been alluded to, and which at first obscured it. If the

reader will look at the hawk or an}'^ soaring bird, he will see that as

it sails through the air without flapping the wing, there are hardly

two consecutive seconds of its flight in which it is not swaying a little

from side to side, lifting one wing or the other, or turning in a way
that suggests an acrobat on a tight rope, only that the bird uses its

widely outstretched wings in place of the pole.

There is something, then, which is difficult even for the bird in this

act of balancing. In fact, he is sailing so close to the wind in order

to fly at all that if he dips his head but the least he will catch the wind

on the top of his wing and fall, as I have seen gulls do, when they

have literally tumbled toward the water before they could recover

themselves.

Besides this, there must be some provision for guarding against the

incessant, irregular currents of the wind, for the wind as a whole

—

and this is a point of prime importance—is not a thing moving along

all of a piece, like water in the Gulf Stream. Far from it. The wind,

when we come to study it, as we have to do here, is found to be made
of innumerable currents and countercurrents, which exist altogether

and simultaneously in the gentlest breeze, which is in reality going

fifty ways at once, although, as a whole, it may come from the east or

the west; and if we could see it, it would be something like seeing the

rapids below Niagara, where there is an infinite variety of motion in

the parts, although there is a common movement of the stream as a

whole.

All this has to be provided for in our mechanical bird, which has

neither intelligence nor instmct, without which, although there ])e all

the power of the engines requisite, all the rigidity of wing, all the req-

uisite initial velocity, it .still can not fly. This is what is meant by

balancing, or the disposal of the parts, so that the air ship will have a

position of equilibrium into which it tends to fall when it is disturbed,
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Preparing to launch the Aerodrome.

From a photograph by A. Graham Bull, e.-^H-
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The Aerodrome in Flight, May 6, 1896.
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and which will enable it to move of its own volition, as it were, in a

horizontal course.

Now the reader may be prepared to look at the apparatus which
tinally has flown. (See diagram.) In the completed form w^e see two
pairs of wnngs. each slightly curved, each attached to a long steel rod

which supports them both, and from which depends the body of the

machine, in which are the boilers, the engines, the machinery, and the

propeller wheels, these latter being not in the position of those of an

ocean steamer, but more nearly' amidships. They are made sometimes

of wood, sometimes of steel and canvas, and are between 3 and -Jt feet

in diameter.

The hull itself is formed of steel tubing. The front portion is closed

by a sheathing of metal which hides from view the fire grate and appa-

ratus for heating, but allows us to see !i little of the coils of the boiler

Diagram of the aerodronu'.

and all of the relatively large smokestack in which it ends. The coni-

cal vessel in front is an empty float, whose use is to keep the whole

from sinking if it should fall in the water.

This boiler supplies steam for an engine of between 1 and li horse-

power, and, with its fire grate, weighs a little over 5 pounds. This

weight is exclusive of that of the engine, which weighs, with all its

moving parts, but 26 ounces. Its duty is to drive the propeller

wheels, which it does at rates varying from 800 to 1,200, or even more,

turns a minute, the highest number being reached when the whole is

speeding freely ahead.

The rudder, it will be noticed, is of a shape very unlike that of a ship,

for it is adapted both for vertical and horizontal steering. It is impos-

sible within the limits of such an article as this, however, to give an

SM 1000 15
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intcllig-iblo account of the manner in which it perforins its automatic

function. Sufficient it is to snj that it does perform it.

The width of the wings from tip to tip is between 12 and 13 feet, and

the length of the whole al>out 16 feet. The weight is nearly thirty

pounds, of which about one-fourth is contained in the machinery. The

engine and boilers are constructed with an almost single eye to economy

of weight, not of force, and are ver}^ wasteful of steam, of which they

spend their own weight in five minutes. This steam might all be recon-

densed and the water re-used b}^ proper condensing apparatus, but this

can not be easil}' introduced in so small a scale of construction. With

it the time of flight might be hours instead of minutes, but without it

the flight (of the present aerodrome) is limited to about five minutes,

though in that time, as will be seen presenth^, it can go some miles; but

owing to the danger of its leaving the surface of the water for that of

the land, and wrecking itself on shore, the time of flight is limited

designedly to less than two minutes.

I have spared the reader an account of num))erless delays, from con-

tinuous accidents and from failures in attempted flights, which pre-

vented a single entirely satisfactory one during nearly three years

after a machine with power to ^y had been attained. It is true that

the aerodrome maintained itself in the air at man}" times, l)ut some

disaster had so often intervened to prevent a complete flight that the

most persistent hope must at some time have yielded. On the 6th of

May of last yeai" I had journeyed, perhaps for the twentieth time, to

the distant river station and recommenced the weary routine of another

launch, with very moderate expectation indeed; and when on that, to

me, memorable afternoon the signal was given and the aerodrome

sprang into the air' I watched it from the shore with hardly a hope

that the long series of accidents had come to a close. And yet it had,

and for the first time the aerodrome swept continuoush' through the

air like a living thing, and as second after second passed on the face

of the stop watch until a minute had gone by and it still flew on, and

as I heard the cheering of the few spectators, I felt that something had

been accomplished at last, for never in any part of the world or in any

period had any machine of man's construction sustained itself in the

air before for even half of this brief time. Still the aerodrome went
on in a rising course until, at the end of a minute and a half (for which

time only it was provided with fuel and water), it had accomplished a

little over half a mile, and now it settled rather than fell into the river

with a gentle descent. It was immediately taken out and flown again

with equal success, nor was there anything to indicate that it might
not have flown indefinitely except for the limit put upon it.

' The illustration from an instantaneous photograph by Mr. Bell, shows the niaehine

after INIr. Reed, who was in charge of the launch (and to whom a great deal of the

construction of the aerodrome is due), has released it, ami wlieii it is in tlie first

mstant of its aerial journey. (PI. III.)
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T WJ18 accoinpanicd by my friend, Mr. Alexander Graham Bell, who
not only witnessed the flight, hut took the instantaneous photograph
of it which has l)een g-iven. He spoke of it in a conimunication to the

Institute of France [and in a similar comnuuiication to Nature, given
in full on page 199]. * * *

On Novem])or 2S I <)l)tainod. with another aerodrome of somewhat
similar construction, a rather longer flight, in which it traversed

about three-quarters of a mile, and descended with equal safety. In
this the speed was greater, oi- about 30 miles an hour. The course of

this date is indicated b}' the dotted line in the diagi-am. We may live

to see airships a common sight, but habit has not dulled the edge of

wonder, and I wish that the reader could have witnessed the actual

spectacle. "It looked like a miracle,'' said one who saw it, and the

photograph, though taken from the original, conveys but imperfectly

the impression giv(Mi by tlio flight itself.

Diasnim sliowiiiK the (.uurse of tlio jiorixlromi' in il.s flight ou the

Potomac Kiver at Quantico.

And now, it may be asked, what has been done? This has been

done: A ''flying machine," so long a type for ridicule, has really

flown; it has demonstrated its practicability in the only satisfactory

way—by actually flying—and by doing this again and again under

conditions which leave no doubt.

There is no room here to enter on the consideration of the construc-

tion of larger machines, or to otter the reasons for believing that they

may be built to remain for days in the air, or to travel at speeds higher

than any with which we are familiar. Neither is thei'c room to enter

on a consideration of their commercial value, or of those applications

which will probably flrst come in the arts of war rather than those of

peace; but we may at least see that these may be such as to change the

whole conditions of warfare, when each of two opposing hosts will have

its every movement known to the other, when no lines of fortiiication
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will keep out the foe. iind when the difficulties of defending" a eountry

against an attacking eneiii}- in the air will ])e such that we may hope

that this will hasten rather than retard the coming of the day when
war shall cease.

1 have thus far had only a purely scientific interest in the residts of

these labors. Perhaps if it could have been foreseen at the outset how
imich labor there was to be, how much of life would be given to it, and

hoAV nuich care. I might have hesitated to enter upon it at all. And
now reward nuist be looked for, if reward there be, in the knowledge

that 1 have done the best I could in a difficult task, with results which

it may ])e hoped will be useful to others. I have l)rought to a close

the portion of the work which seemed to be specially mine—the dem-

onstration of the practicabilit}' of mechanical flight—and for the next

stage, which is the commercial and practical development of the idea,

it is probable that the world may look to others. The world, indeed,

will be supine if it do not rcnilize that a new possil)ility has come to it,

and that the great universal highway overhead is now soon to be

opened.
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THE ZEPPELIN AIR SHIP.

By Thomas E, Curtis.

(Photos, by Alfred Wolf, C'onstanz. These are the only photographs authorized by
Count Zeppeliu.

)

With all these experiments going- on we ought soon to })e able to

travel through the air. The celebrated living machine invented ])v

Professor Langley a few years ago proved that flying machines could

fly: and the more recent experiments ])y Schwarz and Danilewsky have

increased the belief that the era of aerial flight was near. The latest

experiment, made only a month or two ago, by Count Zeppelin, on

Lake Constance, with one of the most ingenious, expensive, and care-

fully constructed balloons of modern times, was so successful in prov-

ing the rigidity and safety of an air ship at a high altitude that the

complete submission of the air to the mechanism of man seems nearer

than ever at hand. The interest of the whole scientific world in the

experiment was deep, and an unwonted exhibition of interest by the

ordinary public took place.

The balloon was constructed in a wooden shed on Lake Constance,

at a little town called Manzell, near Friedrichshafen, and this curious

pointed structure, with twenty-two big windows (eleven on each side)

and its almost innumerable pontoons (on which the huge building-

floated), has for many months been an object of great attraction to

those visiting the ])eautiful Swiss lake.

The illustration with which we open this article, while it does not

show the pointed end, so constructed to diminish the resistance of the

air, gives an admirable idea of the balloon-house. Four hundred and

flfty feet long, 78 broad, and 60 high, it is indeed a formidable object.

The rear end, through which we are able to see part of the air ship,

is usually covered with a curtain, to ward oft' the curious; and the front

end is given up to oflices, storerooms, and sleeping acconmiodation for

such workmen as have to act as sentinels at night.

There can be little doubt that this construction shed is one of the

most perfect of its kind ever devised, and, incidentally, it shows the

care and skill with which Count Zeppelin and his engineers prepared

1 Reprinted by permission from the Strand Magazine, September, 1900.
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themselves against untoward delay and accident in the consummatiou

of their great plan. If, for instance, we could row up to this immense

floating structure we shoidd tind it resting gracefully on ninety-live

pontoons, and we could understand the advantage which such a shed,

floating on the bosom of an open lake, would have for the inventor in

the experimental trials of his machine. No ground to fall upon, and

nothing to run against! Again, by anchoring his .shed at one point

only the inventor allows it to turn, as on a pivot, with the wind, and

thus gains the aid of the wind in getting his ballon out of the shed with

the minimum of damage and the maximum of speed.

The cost of the construction of the building in which the balloon was

housed alone exceeded ^00,000 marks. The plans of the workshop

were made by Herr Tafel, a well-known Stuttgart architect, and the

construction of the balloon was intrustsd to Herr Kaubler. The con-

struction was carried out by seventy carpenters and thirty mechanics,

and that the work was done well and carefully is shown l)v the fact

that every separate piece of material used in tlu^ air ship had been

tested at least twice.

A word or two more about the shed and We may leave it, with the

balloon. If we examine closely we discover that part only of the pon-

toons support the shed, and that the remainder support the balloon.

In other words, the balloon, on its own supports, can be easilv moved
in and out of the shed. The exit, taking place, for reasons already

given, in the direction of the wind, and assisted by it, is particularly safe,

as the danger of pressure in the balloon against the sides of a shed

—

so common in sheds built on land—is avoided. It is reasonably certain

that all experiments in air-ship construction will in future take place

on water, owing to the success and ease with which the Zeppelin l)al-

loon has l)een taken in and out of its house on Lake Constance.

AVhen the balloon is ready for an ascent it is pulled out of the shed

on its own pontoons; and when its flight is over it is placed on the

pontoon floor and drawn into the shed. Each operation takes l)ut a

few minutes. Our second illustration and several succeeding illustra-

tions gives an excellent idea of the floor upon which the balloon rests

before flight. It also afl'ords us our fli'st real view of the huge cigar-

like structure that has so frequently flown itself into world-wide fame.

Conical at both ends, in order that resistance to the air may be lessened,

and cylindrical in shape, it measures 3'JO feet in length, and has a

diameter of about 89 feet. It looks, even at a close view, like a single

balloon, but in reality it consists of seventeen small balloons, because

it is divided into seventeen sections, each gastight, like the water-

tight compartments on board a steamship. The interior is a massive

framework of aluminum rods, stretching from one end of the bal-

loon to the other and held in place by seventeen polvgonal rings

arranged 24 feet apart. Each ring is supported by aluminum wires,
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and the whole interior, looked at from one end, appears as if a lot of
bicycle wheels had been placed side by side. The whole series of
seventeen sections is covered with a tough and light network of ramie.

Each section, as we have said, is a balloon in itself, and each section

is covered with a light silk texture, which by virtue of an india-rubber

coating is, in the general sense of the word, gastight. So tight,

indeed, has each balloon been made that one filling of hydrogen (the

lightest and most volatile of gases) has been proved to last for two or

three weeks.

The exterior of the balloon is made of pegamoid, which protects it

both from sun and rain. The total capacity of the interior balloons

is about 12,000 cubic yards of hydrogen gas; and, lest any of our

readers should bankrupt himself by attempting to construct a Zep-

pelin l)alloon, we may as well add that each filling costs in the neighbor-

hood of -£'50(t. When the balloon is read}' to ])e tilled the h3'drogen

gas, in 2,200 iron bottles, is brought alongside the balloon shed on

pontoons, each containing 130 l)ottles and all connected with each

other, thus forming a single reservoir, which in turn is connected with

the balloon by a distributing pipe. It takes tive hours to fill the

whole balloon.

It is one thing to build a balloon and another thing to make it go.

It is still another thing to be able to control its flight, steering it this

way and that, with the wind and against it. Hundreds of inventors,

including the lamented Darius Green, have failed because of their

methods of steering and propulsion, or the absence of each. But it

is in these very respects that Count Zeppelin may well be said to have

been successful, More, however, of that anon. Suflice to say here

that the propulsion of the great balloon under consideration is efl'ected

])y four screws made of aluminum, all working as do the propellers

of a ship. Two of these screws are situated about a third of the

total length from the bow. and the other two a like distance from the

stern. Each screw makes over a thousand revolutions a minute.

In several of our illustrations the cars of the balloon are plainlv

shown. These also are made of aluminum—indeed every part of the

air sliip is made of the lightest possible material—and are attached to

the inner framework b^^ rods and wires. The cars are about 5 feet

broad and 3 feet deep and are situated each under a pair of screws,

which may be noted projecting from the sides of the balloon. The

cars carry the motors for driving the propellers, and benzine, by vir-

tue of not requiring such heavy machinery to use it with, has been

chosen for the motive power. Enough benzine may be carried to

work the balloon for ten successive hours. It may be added that the

cars of the balloon are connected, as shown in our photographs, by a

narrow passageway, made of aluminum wires and plates, which are

tirml}' connected with the balloon above.
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One very noteworthy feature of this latest air ship is the sliding

weight—made of lead and weighing 3<)0 kilos—by means of which the

balloon is raised or lowered at the })ow or stern. In our illustrations

of this article, particularly' the last picture, we may observe the bal-

loon at a decided angle in the sky. This shows the work of the sliding

weight. It was secured in the center of the dragging-cable, the ends

of which were fastened fore and aft. As the dragging cable was about

328 feet long, with a slack of about 75^ feet, the stability of the vessel

was greatl}' improved. The heavy, deep-hanging weight acted as a

regulator of the pendulum-like motion of the air ship. In order to

provide for a descent into the water the sliding weight is inclosed in

a water-tight box filled with air, which causes the box to tloat when it

touches the water. The value of this piece of mechanism was proved,

as is hereafter shown, when the first experiment in flight was made,

although an unfortunate accident occurred to it, which brought the

flight to an abrupt conclusion.

One word more and we are done with the technical construction of

the balloon. The steering apparatus consists of rudders placed at the

bow and stern of the balloon, and controlled by wires attached to

the two cars. Each rudder is made of cloth with a framework of

aluminum.

The Government lent its aid in a manner worthy of emulation by
governments which are less up to date. When, for instance, the in-

ventor discovered that by allowing his building to float freely about

on the lake he was hampering himself with considerable difficulties, the

naval dockyards at Kiel came to his support with the loan of four

gigantic anchors, by which the floating workshop could be fastened.

The Kaiser was interested in the air ship throughout its construction,

and only the inventor and his inunediate colleagues will ever know
how much the imperial aid and interest stimulated them in their

endeavors.

The 30th of June last witnessed a tremendous gathering of scientific

men and others on the shores of Lake Constance, who had come from
far and wide to attend the experimental trials of the Zeppelin balloon.

Experts from various countries were present, and the Kaiser, always

keenly interested in the problems of aeronauters, was represented by
several Germans of wide experience. It was a day when the fate of

an old man of 70 was to be decided—a man who, with exceeding

enthusiasm in his hobby, had put £20,000 into the construction of a

flying machine that had not yet taken its first flight into the air.

The Balloon Company, which had been formed with a capital of

£40,000, half of which was contributed by Count Zeppelin, chartered

a steamer on that day and carried the experts to the scene of the trials.

A delay in filling the balloon occurred and the trial was postponed.
The following day the trial was delayed by a stifl' wind, but in the

evening the balloon was drawn from the shed, ballasted and balanced,
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and wa.s sent up a few feet into the air in order that its propelling
power might, be tested. Night then intervened, and the real trial was
again postponed.

The next da}-, July 2, proclaimed the success of the aerial monster
over which so many months of mental and mechanical labor had been
spent. There was a touch of romance about it too, for it was not

until sundown that the trial trip began, and it was then that the graj'-

headed inventor, courageous and conlident of the success of his plans,

ventured on a voyage in an untried ship into the darkening night. A
light wind prevailed. Punctually at half past 7 the balloon was taken

from the shed, and, held in position by several ropes, was allowed to

rise about 75 feet* At 8 o'clock it was released, and with Count Zep-

pelin, and four assistants in the two cars, began slowly to ascend.

Zeppelin himself, as we have said, is a man of 70, who for man}^

years has devoted his whole time and energy to the stud}" of aerial

navigation. It has been said that the Schwarz balloon, which was
described in this magazine in March, 1898, gave him the idea of the

present air ship; and those who ha\'e read that article will note man}"

points of similarity in the two pieces of mechanism. Schwarz died

prematurely, and his idea had to be carried to fruition by his friends.

The balloon, for this reason, was, as time proved, a failure; but Count

Zeppelin, noting the great ingenuity of its construction, decided to

improve it, upon the lines of its lamented inventor. The Count lives

in the line castle of Ebersberg, near Constance, and he looks back on

a distinguished career in the Franco-German war. He made an

extremely daring ride at one time through the outposts of the enemy,

and it is said that the desirability of having some quicker and safer

means of scouting than that in use appealed to him strongly, and sug-

gested at once an aerial machine. He consulted and took the advice

of various authorities in aerial navigation, both of his own country

and a))road, and tinally succeeeed in floating, at Stuttgart, the company

already mentioned, which has so successfully built the balloon.

The best account of the short and exciting trip of the Zeppelin bal-

loon has been given by Captain-Lieutenant I), von Bethge. steamship

inspector of Friedrichshafen, who may briefly be quoted: *• It was an

exciting moment," he writes, ''when the first command to let go the

cables sounded from the raft, and the air ship, which, up till then,

had been held by the hands of the firemen, laborers, and soldiei's, rose

slowly into the air, and suddenly, at the height of 25 meters (82 feet)

was released and soared upward. At first the vessel descended some-

what before the light easterly breeze which was blowing; but when

the engines began to work it steamed against the wind, then turned to

right and left, and afterwards traveled with the wind, turning occasion-

ally hither and thither until it reached Immenstaad." The distance

traveled was about 3i miles.

In the early part of the trip an accident to the steering mocliuiiism
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occurred. A winch broke and hindered the further use of the running

weight, which, as has already been mentioned, was provided in order

that the bow or stern might be lowered or raised, and the horizontal

position regained. Notwithstanding the accident, Lieutenant Bethge

goes on to say, "It was still possible to turn the balloon to the left

against the wind, but as it was impossible, owing to the broken cable,

to turn to the right. Count Zeppelin decided to descend.'' The descent

took place seventeen minutes after the ascent.

Count Zeppelin has written an account of the trial trip which is of

special intei'est, as it comes from one with a full knowledge of all the

details. *'The task," he says, '"of bringing down the air ship took

place without a hitch. In spite of a rapid and considerable escape of

gas, followed by l>ut a small sacrifice of ballast, the descent took place

so gently that a descent onto hard ground would seem devoid of

danger.''

The accident to the running weight made it necessary to avert the

innninent danger of capsizing by stopping and going astern with the

screws. '' Henceforth,'" he adds, "'the whole voyage consisted of alter-

nately going ahead, and then astern, with the screws, so as to prevent

excessive inclination. A further reason for this alternate motion

arose from the circumstance that the air ship, which at first obeyed her

helm well to starboard, ran more and more to the left, owing, appar-

ently, to a curve to larl)oai'd, due to the drag of the rumiing weight.

For this reason also, in order to avoid being driven on over the land,

it was necessary to go astern with the screws whenever the stern

pointed toward the lake."

It seems from all accounts that the floating capacity and the great

lateral stal)ility of the Zeppelin air ship have been conclusively proved.

The ship floated smoothly in a horizontal position. It also obeyed its

rudder up to the moment when the steering cable broke. Moreover,

as Count Zeppelin himself sa3^s, '"It has been proved that there is no

danger of fire in connection with the use of the air ship in ordinary

conditions."

The rigidity of the lialloon—important in view of its great length

—

has also been estal)lished. It is unfortunate that no exact statement of

speed was obtainable owing to the accident, although the reports of sev-

eral experts stationed at different points, now, at the moment of writing,

being made out, ma}^ give an appi'oximate idea of that speed. Bethge

estimates that the rapidity of flight before the wind toward Immeu-
staad was about 9 meters (2i> feet) per second, from which figure the

trifling wind velocity has to be deducted. It is enough, however, to

say that a dirigible balloon, which can maintain a state of equilibrium

and descend with perfect safety to its passengers, has become an

established fact. Future experiments, which the fortune and enthusi-

asm of Count Zeppelin will ena))le him to carry out, will doubtless

bring the Zeppelin balloon to a gratifying perfection.



Smithsonian Report, 1900.—Zeppelin Air Ship. Plate I.

Zeppelin Air Ship in floating House on Lake Constance, showing

THE rear end. conical-shape.





Smithsonian Report. 1900.—Zeppelin Air Ship.
Plate II.





Smilhsoman Report, I 900.—Zeppelin Air Ship.
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Smithsonian Report, 1900.—Zeppelin Air Ship.
Plate IV.
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Smithsonian Report, 1900.—Zeppelin Air Ship.
Plate V.

Another View of the Air Ship in full Flight.





Smithsonian Report, 1900.—Zeppelin Air Ship. Plate VI.
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THE USE OF KITES TO OBTAIN METEOROLOGICAL
OBSERVATIONS/

By A. Lawrence Rotch,

Dirrcfnr of Ilhir Ifill Met, ,)r(i!(>(pc(il Oharrnitori/.

Historical researches, stimulated by the recent practical applications

of kites, seem to show that their tirst use for scientitic purposes was
in 174:!t, when Dr. Alexander Wilson, of Glasgow, and his pupil, Thomas
Melvill, lifted thermometers attached to kites into the clouds. These
kites, from 4 to 7 feet high and covered with paper, were fastened one

behind the other, each kite taking- up as nuich line as could be sup-

ported, thereby' allowing its companion to soar to an elevation propor-

tionally higher. It is related that ''the uppermost one ascended toar

amazing height, disappearing at times among the white summer clouds,

while all the rest, in a series, formed with it in the <iir below such a

lofty scale, and that, too, affected by such regular and conspiring

motions as at once changed a boyish pastime into a spectacle which

greatly int(n-ested every ])eholder. * * * To obtain the informa-

tion they wanted, they conti-ived that thermometers, properly secured

and having l)ushy tassels of paper tied to them, should be let fall at

stated periods from some of the higher kites, which was accomplished

by the gra(hial singeing of a match line.'' Since the minimum ther-

mometer had not then been invented it is difficult to understand how

the thermometers were prevented from changing their readings while

falling to the ground. The account concludes: "When engaged in

tiiese experiments, though now and then they conmiunicated imiuedi-

dately Avith the clouds, yet, as this happened ahvays in tine weather, no

symptoms a\ hate^er of an electrical nature came under their o))serva-

tion. The subliuK^ analysis of the thunderbolt and of the electricity

of the atmosphere lay yet entirely undiscovered, and was reserved two

years longer for the sagacity of the celebrated Dr. Franklin." Hence

it seems that Frankliirs famous experiment of collecting the electricity

of a thundercloud l)y means of a kite, performed at Philadelphia in

1752, was not the tirst scientitic application of the kite, and therefore

•Reprinted (with author's revision) from Technology Quarterly and Proceedings

of the Society of Arts, Boston, June, 1900.
223



224 USE OF KITES IN METEOROLOGICAL OBSERVATIONS.

America can claim only the later and most remarkable development of

this means of exploring the air. About 18H7 there existed in Phila-

delphia an organization called the Franklin Kite Club, that flew kites

for recreation. Espy, the eminent meteorologist, was a member, and

he states '"that on those days when columnar clouds form rapidly and

numerously the kite was frequently carried upward nearly perpen-

dicularly l)y columns of ascending air," a phenomenon which is often

observed to-day. Espy calculated the height at which clouds should

form l)y the cooling of the air to its dew point, and then emploj^ed

kites to verify his calculations of the heights of the clouds. Both these

methods are utilized in the measurements of cloud heights at Blue Hill.

Kites were employed to get temperatures a hundred feet or more
above the Arctic Ocean earlv in the present century, and in 1847 Mr.

W. R. Birt, at the Kew Observatory in P^ngland, flew a kite for the

purpose of measuring temperature, humidity, wind velocity, etc.

His kite, of hexagonal shape, required three strings attached to the

ground to keep it steady, and Avhile he proposed to hoist the instru-

ments up to the kite by means of a pulley, it does not appear that this

was done or that any observations were obtained. In 1882 Mr. Doug-

las Archibald in England revived the use of kites for meteorological

observations and outlined a comprehensive scheme of exploring the

air with kites, which included almost all that has been done since. His

actual work, performed during the next three years, was limited to

ascertaining the increase of wind velocity with height up to 1,200 feet,

and to do this he attached registering anemometers at four difl'erent

points on the kite wire, but since the total wind movements only were

registered from the time the anemometers left the ground until they

returned, it was impossible to obtain simultaneous records near the

ground and at the kite, as is done to-day. Mr. Archibald in 1887 took

the flrst photograph from a kite, a method which MM. Batut and

Wenz developed in France, and Messrs. Eddy and Woglom in the

United States.

The subsequent progress of kite flying for meteorological purposes

was in this country, and it may ])e chronologically stated as follows:

In 1885 Mr. Alexander McAdie (now of the United States Weather
Bureau) repeated Franklin's kite experiment on Blue Hill, with the

addition of an electrometer; in 1891 and 1892 he measured sinuiltane-

ously the electric potential at the base of Blue Hill, on the hill, and

with kites as collectors several hundred feet above the hilltop, about

the same time that Dr. Weber, in Breslau, Germany, was making a

more extensive use of kites for the same purpose. It was no doubt

William A. Eddy, of Bayonne, N. J., who turned the attention of

American scientific men to kite flying, and created the widespread

interest in kites which exists to-day. About 1890, Mr. Pwddy lifted

thermometers with an ordinary kite, })ut soon afterwards devised a
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tailli\ss kite resembling- the one used in Java, except that the horizontal

cro.s.spiece is nearer the toj) of the vertical stick, and its ends are bent
backward in a lx>w and connected by a cord. The next year, with

several of these kites Hown tandem, he lifted a minimum thermometer
and proposed to obtain in this way data to forecast the weather.

Up to this time it does not appear that self-recording instruments

—

that is to say, those which make continuous graphic records—had
been raised by kites. In the days of the early experimenters such

instruments were too heavy and cumbersome to be lifted b\^ the more
or less unmanageable kites, but within the past few years M. Richard,

of Paris, has made recording instruments sufficiently simple and light

to be attached to kites. In this way it is possible to obtain simulta-

neous records at the kite and at a station on the ground, and from them
to study the differences of temperature and humidity, and this seems

to have been done first at Blue Hill Observatory. In August, 1894,

Mr. Eddy brought his kites to Blue Hill, and wdth them lifted a Rich-

ard thermograph which had l)een partly reconstructed of aluminum

by Mr. Fergusson, of the observator}^ so that it weighed but 2i
pounds, to the height of 1.400 feet, and here the earliest automatic

record of temperature was obtained by a kite. During the next sum-

mer Mr. Edd}^ secured photographs of the observatory and hill by a

camera carried between his kites to the height of a hundred feet or more.

Now, that the possibility of lifting self-recording meteorological instru-

ments to considerable heights had been demonstrated, an investigation

of the thermal and hygrometric conditions of the free air was under-

taken by the staff of the Blue Hill Observatory, who had already made

an investigation of the currents of air at various heights b}'^ measure-

ments of the clouds.

In the early experiments the Eddy, or Malay kites, as they are also

called, covered with paper or wdth varnished cloth and coupled tandem

to secure greater safety and lifting power, were used. The kites were

attached at several points on the line, for although it can be demon-

strated theoretically that a greater height is possible by concentrating

all the pull at the end of the line, yet in the actual case of a line which

is not infinitely strong the best results are got by distributing the pull,

and in this way, too, kites can be added as the wind conditions aloft

permit. The Eddy kite flew at a high angle above the horizon alnd

through a considerable range of wind velocity, but it could not be

kept permanently in balance or made to adjust itself to great varia-

tions in wind velocity, and therefore it was discarded.

The first meteorograph. ))eing a combined recording thermometer

and barometer (from which the height can be obtained), was con-

structed by Mr. Fergusson in August, 1895, and three months hiter he
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joined a recording anemometer to the thermometer, which was prob-

ably the lirst apparatus of this kind to be attached to kites. Subse-

quently there was used 'the meteorograph, recording atmospheric

pressure, air temperature, and relative humidity, designed by M.
Richard, of Paris, for use in balloons, but now for the first time made
of aluminum. In August, 1895, in addition to the Eddy kites, there

was tried the cellular, or box kite, invented by Lawrence Hargrave,

of Sydney, Australia, which bears no resemblance to the conventional

forms of kites, but consists of two light boxes without tops or bottoms,

fastened some distance above each other. The wind exerts its lifting

force chiefly upon the front and rear sides of the upper box, the lower

box, which inclines to the rear and so receives less pressure preserving

the l)alance, while the ends of the l)oxes being in line with the wind

keep the kite stead}-, and serve the purpose of the dihedral angle in

the Malay kite.

On account of the weight of the large cord necessary to control these

kites and the surface which it presented to the wind, a height of 2,000

feet above Blue Hill could not be reached; so, during the winter of

1895-96, following Archibald's example and the methods of deep-sea

sounding employed l)}^ Captain Sigsbee, United States Navy, steel

pianoforte wire was substituted for the cord. This wire is less than

half as heav}' and less than one-fourth the size of cord having the

same strength; and, moreover,^ its surface is polished, which reduces

the friction of the wind blowing past it. With the wire the height of

a mile was reached in July, and a mile and two-thirds in October, 1896.

Up to this time a reel turned by two men sufficed to draw down the

kites, l)ut the increasing pull and length of wire made recourse to

steam power necessar}^ In January 1897, a grant of money was

allotted from the Hodgkins fund of the Smithsonian Institution for

the purpose of obtaining meteorological records at heights exceeding

10,000 feet, and no doubt the first application of steam to kiteflying

was the winch built by Mr. Fergusson, with ingenious devices for dis-

tributing, oiling, and measuring the length of wire. The cumulative

pressure of the successive coils of wire finally crushed the drum, and
the next apparatus applied the principle of Sir William Thomson's

deep-sea sounding apparatus, in which thei-e is no accumulation of

pressure. In October, 1897, records were brought down from 11,000

feet, or 1,000 feet above the prescribed height. The kite reel, in its

various stages of development, is shown in fig. 1, Plate 1.

The kites and apparatus at present employed at Blue Hill will now
be described:

The kites are mostly of Hargrave's construction with two rectan-

gular cells covered with cloth or silk, except at their tops and bottoms,

and one is secured al)Ove the other by four or more sticks. The
wooden frames are as light as possible, but are made rigid bj^ gu3\s of
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steel wire which bind them in all directions. The average weight is

about 2 ounces a square foot of lifting surface, which is about the same
weight a square foot as the Eddy kites, when all the surface is included

in the estimate. The largest of the Hargrave kites stands 9 feet high,

weighs 11 pounds, and contains 90 square feet of lifting surface, which
in the recent kites is arched, resembling the curvature of a bird's wings
(tig. 2. PI. I). These curved surfaces increase the lift, or upward pull,

more than the drift, or motion to leeward, and so the angular eleva-

tion is augmented without materially adding to the total pull on the

wire, which should not exceed one-half its breaking strength. Another
efficient form that has been used at Blue Hill is the "aero-curve kite,"

made by Mr. C. H. Lamson, of Portland, Me., and shown in tig. 3,

(PI. II). In flight it resembles a soaring bird, and when not in use

it can be taken apart and folded up. Mr. Lamson has recently con-

structed a similar kite, with three superposed surfaces, that has l)een

the leader in some of the highest ilights.

A most important factor in the success of the Blue Hill work was
the application b}" Mr. Clayton, of the observatory, to every kite of an

elastic cord inserted in the lower part of the bridle to which the flying

line is attached; Avhen the wind pressure increases, this stretches and

causes the kite to diminish its angle of incidence to the wind until the

gust sul)sides. A kite can lie set to pull only a fixed amount in the

strongest wind, when the kite will fly nearl}^ horizontal. We are

therefore able to calculate the greatest pull that can be exerted on

the wire by all the kites, and with this device the kites have flown

through gales of 50 or 60 miles an hour without breaking loose or

injuring themselves. In general, the angle of the flying lines of the

Blue Hill kites is 50° or 60° above the horizon, and in winds of 20

miles an hour the pull on the line is about 1 pound for each square

foot of lifting surface in the kite. Kites can be raised in a wind that

Ijlows more than 12 miles an hour at the ground, and as the average

velocity of the wind for the year on Blue Hill is IS miles an hour, there

are few days when kites can not be flown. In order to fly in the

feeblest winds possible a small and« light pilot kite has been used to

help lift the large and heavier kite into the stronger and steadier wind

that usually prevails a short distance above the ground.

The wire to which the kites are attached is steel nuisic wire, 0.032

inch in diameter, weighing 15 pounds a mile, and capable of with-

standing a pull of 3(»0 pounds. The wire is spliced in lengths of more

than a mile with the greatest care, special pains Ijcing taken that no

sharp bends or rust spots occur which would cause it to break. To

lift the increasing weight of wire, kites are attached at intervals of a

few thousand feet by screwing on the wire aluminum clanq^s to which

the kite lines are fastened, so that the angle may be maintained as

high as is consistent with a safe pull. Since each kite adds to the
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strain upon the wire ])elow it, latterly the lower portion of the main

line has been eoniposed of wire 0.038 ineh in diameter that possesses

a tensile strength of 8U0 pounds. The Kiehard meteorograph, con-

tained in an aluminum cage of about a foot cube, weighs less than 3

pounds, and it is onl}" necessary to screen the thermometer from the

sun's raA\s to obtain the true temperature of the air, since the wind

insures a circulation of air around the thermometer. Another meteor-

ograph constructed by Mr. Fergusson records the velocity of the wind

on the same drum with the three other elements, and weighs no more
than the French instrument. It is shown in tig. 4 (PI. II), and tig. 5

(PI. Ill) is a facsimile record, two-thirds actual size.

The reeling apparatus is an example of how the same apparatus may
serve diametrically opposite purposes. In sounding the depths of the

ocean the wire must be pulled upward, whereas in sounding the heights

of the atmosphere the wire must be pidled in the reverse direction.

Therefore the deep-sea sounding apparatus has been altered by Mr.

Fergusson to pull obliquely' downward, the wdre passing over a swivel-

ing pulley, which follows its direction and registers on a dial the exact

length unreeled. Next the wire bears against a pulley carried by a

strong spiral spring, b}^ which the pull upon it at all times is recorded

on a paper-covered drum turned by clockwork, then it passes several

times around a strain pulley, and iinally is coiled under slight tension

upon a large storage drum. When the kites are to be pulled down,

the strain pulley is connected with a 2-horsepower steam engine, and

the wire is drawn in at a speed of from 3 to 6 miles an hour, but

when the kites are rising the belt is removed and the pull of the kites

unreels the wire.

The method of making a kite flight for meteorological purposes at

Blue Hill is as follows: A kite, fastened to a ring at the end of the

main wire, and the me^^eorograph clamped to the wire being in the air,

another kite is attached by a cord and the clamp described. The kites

are then allowed to rise and to unreel the wire until its angle above

the horizon becomes low, when other kites are added, the number
depending on the size of the kites and the strength of the wind. After

a pause at the highest attainable altitude, the reel is connected with

the steam engine and the kites are drawn down. The pauses at the

highest point, and when kites are attached or detached, are necessary

to allow the recording instruments to acquire the conditions of the

surrounding air, and because at these times the meteorograph is nearly

stationary, measurements of its angular elevations are made with a sur-

veyor's transit, while observations of azinuith give the direction of the

wind at the diflerent heights. The time of making each angular meas-

urement is noted, so that the corresponding point on the trace of the

meteorograph may be found. From the length of wire and its angular

elevation the height of the meteorograph can he calculated, it having
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been found that the sag- of the wire, or its deviation either in a vertical

or a horizontal plane from the straight line joining kite and reel, does
not cause an error exceeding 3 per cent in the height so computed.
When the meteorograph is hidden b}- clouds, the height above the last

point trigonometrically determined is computed from the barometric
record by Laplace's formula. At night there is only the barometer
from which to determine the height, for, although an attempt was
made to use a lantern to sight upon, yet it soon becomes invisible, or,

when seen, is confounded with the stars. Before and after the flight

the thermometer and hygrometer of the meteorograph are compared
with the standard instruments.

Since the use of wire and more elEcient kites the heights have been

greatly increased. Thus the average height above the sea attained

by the meteorograph in the thirty-iive flights made during 1898 was
more than a mile and a third, whereas the average height of all the

ascents prior to 1S!»T was less than half a mile. The extreme height

of 15,807 feet, reached in July, 1900, exceeds the altitude of Mont Blanc,

and also the greatest height at which meteorological observations have

been made with a ))alloon in the United States. The progress upward
each year is shown in this table:

Heights aborc xca Jerri of kite fi<jlits <it Blue lUlL

[Blue Hill is 630 feet above the sea.]
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10.4(1 a. 111., uttiiined its greatest height at 4.15 p. m., and returned to

the ground at 8.40 p. iii. , its automatic recoixl ))eing shown in tig. 5,

in which the heights are expressed in meters and the wind velocities in

meters per second. The cumulus clouds were traversed three-quarters

of a mile from the earth, and aljove them the air was found to be very

dry. On the hill the air temperature was 72*^, when it was SS^ in the

free air 11,440 feet above, and the wind velocity increased from 22 to

40 miles an hour as can be computed from the scale of miles on the

right-hand margin of the anemometer record.

During the past six j^cars, about two hundred and forty records have

been obtained at Blue Hill in all kinds of w^eather conditions, from the

ground up to 15,000 feet above it. They are published and discussed in

the Annals of the Astronomical Observatory of Harvard College, Vol.

xlii. Part I, and in several Bulletins of the Blue Hill Observatory, and

constitute, no doubt, the most thorough study of the lower air yet

made at a single station. The vertical distribution of temperature

and hmnidity has been investigated and six types have been deduced.

Normally, in tine weather, with increase of height the temperature

decreases at the adial)atic rate for unsaturated air (1° F. for 1S3 feet)

up to a certain height where there is a sudden rise of temperature, and

above that height the decrease is slower. This rise, which is caused

by a warm current overflowing a colder one, is noted by aeronauts also

at greater heights. Owing to the chilling of the air near the ground

at night it frequently happens that it is warmer at the height of a

thousand feet than it is at the ground, and as the relative humidity aloft

is generally the reverse of what it is at the groiuid, it follows that at

certain heights in the free atmosphere the nights are warm and dry

while the days are cold and damp. Contrary to the observations on

mountains, the diurnal period of temperature usually disappears above

a mile, but the changes due to cold and warm waves occur simultane-

ously at the ground and at the extreme heights reached by the kites.

The observations obtained during the passage of cyclones and anti-

cyclones indicate that the cause of the cyclone, at least in our latitude,

is its higher temperature with respect to the surrounding air. This

conclusion agrees with the convectional thcor}" of Espy and Ferrel, l)ut

it is possible that the shallow cyclones felt at the earth's surface may
have superposed on them other cyclones with cold centers.

Atmospheric electricity is noticeable since the use of wire as a flying

line whenever the kites rise higher than a quarter of a mile above the

ground. Usually the wire becomes strongly charged with electricity

when great heights are reached and this is discharged in bright sparks

at the reel. The potential generally increases with altitude, and prob-

ably the electricit}^ is sometimes positive and sometimes negative,

although"no measurements have been made with the kites very high.
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Notwith.standing- its intensity the quantity of electricity in the atmos-
phere appears insufficient to warrant its collection and storao-e for

practical purposes.

During the sunnner of 1898 the United States Weather Bureau
undertook, to obtain daily from seventeen stations equip))ed with kites

(situated chiefly in the Mississippi Valley), automatic records at a

height of about a mile, with which to draw a synoptic chart of the

upper air for forecasting in connection with a similar chart of surface

observations. The high-level chart could not be drawn regularly on
account of light winds at some stations, but much data concerning

temperature gradients were obtained, and these ha\ e Ijeen published.

Since the work at Blue Hill was made known to foreign meteorolo-

gists, who have received drawings and models of our apparatus, the

use of kites to obtain meteorological djita has V^een taken up exten-

sively on the Continent of P^urope, and already the meteorological

bureaus of France, (Termaiiy, and Russia have established depart-

ments for the purpose of obtaining observations in the free air with

both kites and balloons.

Whenever there is Avind, kites-possess advantages over any other

method of exploring the air up to the height of at least 1.5,000 feet.

Although only on mountains can observations at a uniform height be

maintained continuously, yet the conditions there are not those of the

free air at an ecjual height. Olwervations in a drifting balloon are

afi'ected ))y the heated or stagnant air accompanying the balloon, and

the progressive changes in the atmospheric conditions at one place

can not be studied, because, generally, these observations are not

comparable with simultaneous observations made at one station on the

ground. With kites, however, frequent ascents and descents permit

the true conditions prevailing in superposed strata of air at definitely

known heights to be obtained nearly simultaneously. Kites can rise

much higher than captive balloons, which are borne down b}^ the

weight of the cable necessar}^ to control them. Finally, kites cost

very much less than either mountain stations or balloons. It appears,

therefore, that in future the equipment of a first-class meteorological

observatory should include the kite (and perhaps the German kite-

balloon for use when the wind is lacking), so that automatic records

may be obtained daily at the hefght of a mile or two in the free air,

at the same time that similar observations are made at the ground.





Smithsonian Report, 1900.—Rotch, Plate L

.1-

Fig. 1.—Evolution of the Kite-Reel.

Fig. 2.^'V1odified Hargrave Kite.





Smthsonian Report, 1900.—Rotch. Plate II.

Fig. 3.— Lamson'S Aero-curve Kite.

Fig. 4.—Fergusson'S Kite-Meteorograph.
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PROGRESS IN CHEMISTRY IN THE NINETEENTH CENTURY.

By Prof. William Ramsay.

The proo-ress of the science of chemistry forms one phase of the

progress of human thought. While at lirst mankind was contented to

observe certain phenomena, and to utilize them for industrial purposes

if they were found suitable, "philosophers," as the thinking portion

of our race loved to call themselves, have always attempted to assign

some explanation for observed facts and to group them into similars

and dissimilars. It was for long imagined, following the doctrines of

the Greeks and of their predecessors, that all matter consisted of four

elements or principles, names which survive to this da}^ in popular

language. These were "tire," "air," "water," and "earth." It was

not imtil the seventeenth century that Boyle in his Sceptical

Chymist (1661) laid the foundations of the modern science by point-

ing out that it was impossible to explain the existence of the fairly

numerous chemical substances known in his day, or the changes which

they can be made to undergo, by means of the ancient Greek hypoth-

eses regarding the constitution of matter. He laid down the detinition

of the modern meaning of the word "element;" he declined to accept

the current view that the properties of matter could be modified by

assimilating the qualities of fire, air, earth, or water, and he defined an

element as the constituent of a compound body. The first problem,

then, to be solved Avas to determine which of the numerous forms of

matter were to be regarded as elementary, and which are compound,

or composed of two or more elements in a state of combination, and

to produce such compounds by causing the appropriate elements to

unite with each other.

ANCIENT IDEAS ABOUT THE AIR.

One of the first objects to excite curiosity and interest was the air

which surrounds us, and in which we live and move and have our

being. It was, however, endowed w^ith a semispiritual and scarcely

corporeal nature in the ideas of our ancestors, for it does not afiect

^Copyright, 1900, by The Sun Printing and Publishing Association. Keprinted,

by special permission, from The Sun, New York, December 30, 1900.
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the senses of sig-ht, smell, or taste, and though it can })e felt, yet it

eludes our grasp. The word gas, moreover, was not invented until

Van Helmont devised it to desig-nate various kinds of ''airs'" which he

had observed. The important part which g-ases play in the constitu-

tion of many chemical compounds was accordingly overlooked, and,

indeed, it appeared to be almost as striking a feat of necromancy to

produce a quantity of gas of great volume from a small pinch of solid

powder as for a "Jinn" of enormous stature but of delicate texture

to issue from a brass pot, as related in the Arabian Nights Entertain-

ments. Gradualh', however, it came to be recognized, not mereh^ that

gases have corporeal existence, but that they even possess weight.

This, though foreshadowed by Torricelli, Jean Rey, and others, was

first clearly proved by Black, professor of chemistry in Edin>)urgh, in

1762, through his masterly researches, as carbonic acid.

The ignorance of the material nature of gases and of their weight

lies at the bottom of the phlogistic theory, a theory devised hy Stahl

about the 3'ear KJJH), to accoimt for the phenomena of combustion and

respiration and the recovery or ''reduction" of metals from their

""earths" by heating Avith charcoal or allied bodies. According to

this inverted theory, a substance capable of burning was imagined to

contain more or less phlogiston, a principle which it parted with on

burning, leaving an earth deprived of phlogiston, or " dephlogisti-

cated" behind if a metal. This earth when heated with substances

rich in phlogiston, such as coal, wood, flour, and similar bodies, recov-

ered the phlogiston, which it had lost on burning, and with the added

phlogiston its metallic character. Other substances, such as phos-

phorus and sulphur, gave solids or acid liquids to which phlogiston

was not so easy to add; but even they could be rephlogisticated. On
this hypothesis, it was the earths, and such acid liquids as sulphuric or

phosphoric acids which were the elements; the metals and sulphur and

phosphorus were their compounds with phlogiston.

DISCOVERY OF OXYGEN.

The discovery of oxygen by Priestlej^ and by Scheele in 1774, and

the explanation of its functions by Lavoisier during the following ten

years gave their true meaning to these phenomena. It was then rec-

ognized that combustion was union with oxygen; that an ''earth" or

"calx" was to be regarded as the compound of a metal with oxygen;

that when a metal becomes tarnished and converted into such an

earthy powder it is being oxidized; that this oxide, on ignition with

charcoal or car) )on, or with compounds such as coal, flour, or wood,

of which carbon is a constituent, gives up its oxygen to the carbon,

forming an oxide of carbon, carbonic oxide, on the one hand, or car-

bonic "acid" on the other, while the metal is reproduced in its "reg-

uline" or metallic condition, and that the true elements are metals,
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carbon, sulphur, phosphorus, and similar bodies, and not the products
of their oxidation.

The discovery that air is, in the main, a mixture of nitrogen, an
inert gas. and oxygen, an active one, together with a small proportion
of carl)onic ''acid'' (or, as it is now termed, anhydride)—a discovery
perfected by Rutherford, Black, and Cavendish—and that water is a
compound with oxygen of hydrogen, previously known as inflammable
air, ))y Cavendish and by Watt, tinally overthrew the theory of phlo-
giston, but at the beginning of this century it still lingered on, and was
defended by Priestley until his death in 1804. Such, in brief, was the

condition of chemical thought in the year 1800. Scheele had died in

1786, at the early age of -ll:; Lavoisier was one of the victims of the

French Revolution, having been guillotined in 1794; Cavendish had
ceased to work at chemical problems and was devoting his extraordi-

narv abilities to physical problems of the highest importance, while liv-

ing the life of an eccentric recluse; and Priestley, driven Iw religious

persecution from England to the more tolerant shores of America,
was enjoying a peaceful old age, enlivened by occasional incursions

into th(» region of sectarian controvers}'.

FIRST STRIKING^ DISCOVERT OF THE CENTURY.

The first striking discovery of our century was that of the com-

pound nature of alkalies and of the alkaline earths. This discoveiy

was made by Humphry Davy. Born in Cornwall in 1778, he began

the study of chemistry, self-taught, in 1796, and in 1799 he became

director of the Pneumatic Institution, an undertaking founded 1)}'

Dr. Beddoes at Bristol for the purpose of experiments on the curative

efl'ects of gases in general. Here he at once made his mark by the

disco\ery of the remarkable properties of *• laughing gas,'' or nitrous

oxide. At the same time he constructed a galvanic battery, and began

to pei'form experiments with it in attempting to decompose chemical

compounds b}" its means. In 1801 Davy was appointed professor of

chemistry at the Royal Institution, a society or club which had been

founded a few years previoush' by Benjamin Thomson, Count Rum-
ford, for the purpose of instructing and amusing its members with

recent discoveries in chemistiy and natural philosophy. In 180T Davy

applied his galvanic battery to the decomposition of damp caustic

potash and soda, using platinum poles. He was rewarded by seeing

globules of metal, resembling mercury in appearance, at the negative

pole, and he subsequently proved that these globules, when burned,

reproduced the alkali fiom which they had been derived. They also

combined with "oxymuriatic acid," as chlorine (discovered by Scheele)

was then termed, forming ordinary salt, if sodium be employed, and

the analogous salt, ''muriate of potash," if the allied metal, potassium,

were sul)jected to combustion. By using mercury as the negative
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pole, and passing a current throuo-h a strong solution of the chloride

of calcium, strontium, or 1)arium, Davy succeeded in procuring mix-

tures with mercury or ""amalgams" of their metals, to which he gave

the names calcium, strontium, and barium. Distillation removed

most of the mercury, and the metal was left behind in a state of com-

parative purity. The alkali metals, potassium and sodium, were

found to attack glass, liberating the "basis of the silex," to which the

name silicon has since been given.

Thus nearl}^ the last of the "earths" had been decomposed. It was

proved that not merely were the "calces" of iron, copper, lead, and

other well-known metals compounds of the respective metals with

oxygen, but Davy showed that lime and its allies, strontia and baryta,

and even silica or flint, were to be regarded as oxides of elements of

metallic appearance. To complete our review of this part of the sub-

ject, suffice it to say that aluminum, a metal now produced on an indus-

trial scale, was prepared for the first time in 1827 by Wohler, profes-

sor of chemistry at Gottingen, by the action of potassium on its

cliloride, and alumina, the earthy basis of clay, was shown to be the

oxide of the metal aluminum. Indeed, the preparation of this metal

in quantity in now carried out at Schatfhausen-on-the-Rhine and at the

Falls of Foyers in Scotland by electrolysis of the oxide dissolved in

melted cryolite, a mineral consisting of the fluorides of sodium and

aluminum, by a method difl'ering only in scale from that by means of

which Davy isolated sodium and potassium in 1806.

Davy's important work.

To Davy, too, belongs the merit of having dethroned oxygen from

its central position among the elements. Lavoisier gave to this im-

portant gas the name "oxygen," because he imagined it to be the

constituent of all acids. He renamed the common compounds of

oxygen in such a manner that the term oxygen was not even repre-

sented in the name—only inferred. Thus a "nitrate" is a compound
of an oxide of nitrogen and an oxide of a metal; a "sulphate," of the

oxide of a metal with one of the oxides of sulphur, and so on. Dav}^,

by discovering the elementary nature of chlorine, showed first that it

is not an oxide of hydrochloric acid (or muriatic acid, as it was then

called); and, second, that the latter acid is a compound of the element

chlorine with hydrogen. This he did by passing chlorine over white-

hot carbon—a substance eminenth" suited to deprive oxy-compounds
of their oxygen—and proving that no oxide of carbon is thereby pro-

duced; by acting on certain chlorides, such as those of tin or phos-

phorus with ammonia, and showing that no oxide of tin or phosphorus
is formed; and, lastly, by decomposing "muriatic acid gas" (gaseous

hydrogen chloride) with sodium and showing that the only product
besides conunon salt is hydrogen. Instead, therefore, of the former
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theory that a chloride was a compound of the unknown basis of oxy-
muriatic acid with oxygen and the oxide of a metal, he introduced the

simpler and correct view that a chloride is merely a compound of the

element chlorine with a metal. In 1813 he established the similar

nature of fluorine, pointing- out that on the analogy of the chlorides it

was a fair deduction that the fluorides are compounds of an undiscov-

ered element, fluorine, with metals; and that hydrofluoric acid is the

true analogue of hj^drochloric acid. The truth of this forecast has

been established of recent years by Henri Moissan, who isolated gas-

eous fluorine l)y subjecting a mixtui-e of hydrofluoric acid and hydro-

gen potassium fluoride contained in a platinum U tube to the action of

a powerful electric current. He has recently found that the tube may
be equally well constructed of copper; and this may soon lead to the

industrial application of the process. The difliculty of isolating fluor-

ine is due to its extraordinary chemical energy, for there are few sub-

stances, elementary or compound, which resist the action of this pale,

yellow, sutt'ocating gas. In 1811 iodine, separated by Courtois from

the ashes of sea plants, was shown ])y Dav}^ to be an element analo-

gous to chlorine. CTa3'-Lussac subsequentl}' investigated it and pre-

pared many of its compounds; and in 1826 the last of these elements,

bromine, was discovered in the mother liquor of sea salt by Balard.

The elements of this group have been termed ''halogens," or "salt

producers."

JOHN DALTON's theory.

While Davy was pouring his researches into the astonished ears of

the scientific and dilettante world John Dalton, a Manchester school-

master, conceived a theory which has proved of the utmost service to

the science of chemistry, and which bids fair to outlast our day. It

had been noticed by Wenzel, by Kichter. by WoUaston, and by Cavendish

toward the end of the last century that the same compounds contain

the same constituents in the same proportions, or, as the phrase runs,

"possess constant composition." WoUaston, indeed, had gone one

step further, and had shown that when the vegetable acid, oxalic acid,

is combined with potash it forms two compounds, in one of which the

acid is contained in twice as great an amount relatively to the potash

as in the other. The names monoxalate and binoxalate of potash wert>

applied to these compounds to indicate the respective proportions of

the ingredients. Dalton conceived the happy idea that by applying

the ancient Greek conception of atoms to such facts the relative weights

of the atoms could be determined. Illustrating his views with the two

compounds of carbon with hydrogen, marsh gas and olefiant gas, and

with the two acids of carbon, carbonic oxide and carbonic "acid," he

regarded the former as a compound of one atom of carbon and one of

hydrogen and the ^second as a compound of one atom of caihon and
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two of hydrogen, and similarl}' for the two oxides of carbon. Know-
ing the relative weights in which these elements enter into combination,

we can deduce the relative weights of the atoms. Placing the relative

weight of an atom of hydrogen equal to unity, we have:
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"atomic weights."

The determination of these ''constants of nature" was at once fol-

lowed out by many chemists, Thomson among- the first. But chief

among- the chemists who have pursued this branch of work was Jacob
Berzelius, a Swede, who devoted his long life (1779-1848) to the manu-
facture of compounds and to the determination of their composition,
or. as it is still termed, the determination of the "atomic weights"
more correctly, "equivalents'"—of the elements of which they are

composed. It is to him that we owe most of our analytical methods,
for prior to his time there were few, if any, accurate analyses.

Although Lavoisier had devised a method for the analysis of com-
pounds of carbon, viz, l)v Inirning the organic compounds in an

atmosphere of oxygen contained in a bell jar over mercury and meas-

uring the volume of carbon dioxide produced, as well as that of the

residual oxygen, Berzelius achieved the same results more accurately

and more expeditiously by heating the substance, mixed with chlorate

of potassium and sodium chloride, and then estimating the hydrogen

as well as the carl)on. This process was afterwards perfected by Liebig.

Berzelius, however, was able to show that compounds of carbon, like

those of other elements, were instances of coml)ination in constant and

nudtiple proportions.

In 1815 two papers were published in the Annals of Philosoph}'

l)y Dr. Prout which have had nmch influence on the progress of

chemistry. They dealt with the figures which were being obtained

by Thomson, Berzelius and others, at that time supposed to represent

the '"atomic weights" of the elements. Prout's hypothesis, based on

only a few numbers was that the atomic weights of all elements were

nuiltiples of that of hydrogen, taken as a unity. There was nmch

dispute regarding this assertion at the time, but as it was contradicted

by Berzelius's numbers the balance of opinion was against it. But

about the year 1840 Dumas discovered an error in the number (12.12)

given by Berzelius as the atomic weight of carbon; and with his collab-

orator, Stas, undertook the redetermination of the atomic weights

of the commoner elements—for example, carbon, oxygen, chlorine,

and calcium. This line of research was subsequently pursued alone

by Stas, whose name will always be remembered for the precision

and accuracy of his experiments. At first Dumas and Stas inclined

to the view that Prout's hypothesis was a just one, but it was com-

pletely disproved by Stas's subsequent work, as well as by that of

numerous other observers. It is nevertheless curious that a nmch

larger proportion of the atomic weights approximate to whole num-

bers than would be foretold by the doctrine of chances, and perhaps

the last has not been heard of Prout's hypothesis, although in its orig-

inal crude form it is no longer worthy of credence.
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ATOMS AND MOLECULES.

One of the most noteworthy of the discoveries of the eentury was

made by Gay-Liissac (1778-1850) in the year 1808. In conjunction

with Alexander von Humboldt, Gay-Lussac had rediscovered about

three years before what had previously been established by Cavendish,

namely, that, as nearly as possible, 2 volumes of hydrogen combine

with 1 volume of oxygen to form water, the gases having ])een

measured at the same temperature and pressure. Humboldt suggested

to Gay-Lussac that it would be well to investigate whether similar

simple relations exist between the volumes of other gaseous substances

when they combine with each other. This turned out to be the case;

it appeared that almost exactly 2 volumes of carbonic oxide unite

with 1 volume of oxygen to form carbon dioxide; that equal volumes

of chlorine and hydrogen unite to form hydrochloric acid gas; that

2 volumes of ammonia gas consist of 3 volumes hydrogen in union

with 1 volume of nitrogen, and so on. From such facts, Ga3"-Lussac

was led to make the statement that: The weights of equal volumes

of both simple and compound gases, and, therefore, their densities,

are proportional to their empirically found combining weights, or

to rational multiples of the latter. Gay-Lussac recognized this dis-

covery of his to be a support for the atomic theory; but it did

not accord with many of the then received atomic weights. The
assumption that equal volumes of gases contain equal numbers of

particles, or, as they were termed by him, molecules integrantes, was

made in 1811 by Avogadro, professor of ph3^sics at Turin (1776-1856).

This theory, which has proved of the utmost importance to the

sciences both of physics and of chemistry, had no doubt occurred to

Gay-Lussac, and had been rejected by him for the following reasons:

A certain volume of hydrogen, sa}' 1 cubic inch, may be supposed to

contain an equal number of particles (atoms) as an equal volume of

chlorine. Now, these two gases unite in equal volumes. The deduc-

tion appears so far quite legitimate that 1 atom of hydrogen has

combined with 1 atom of chlorine. But the resulting gas occupies

2 cubic inches, and must, therefore, contain the same number of par-

ticles of hydrogen chloride, the compound of the two elements, as 1

cubic inch originally contained of hydrogen or of chlorine. Thus we
have 2 cubic inches containing, of uncombined gases, twice as many
particles as is contained in that volume after combinations. Avo-

gadro's hypothesis solved the difficult3\ By premising two different

orders of particles, now termed atoms and molecules, the solution was
plain. According to him, each particle, or molecule, of hydrogen is

a complex, and contains 2 atoms; the same is the case with chlorine.

When these gases combine, or rather react, to form hydrogen chloride,

the phenomenon is one of a change of partners; the molecule, the
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double atom, of hydrogen splits; the same is the case with the.mole-
culo of chlorine; and each liberated atom of h3xlrogen unites with a

liberated atom of chlorine, forming a compound, hydrogen chkjride,

which equally consists of a molecule, or double atom. Thus 2 cubic
inches of hydrogen chloride consist-of a definite number of molecules,

equal in number to those contained in a cubic inch of hydrogen, plus

those contained in a cubic inch of chlorine. The case is precisely sim-

ilar if other compounds of gases be considered.

Berzelius was at lirst inclined to adopt this theory, and indeed went
so far as to change many of his atomic weights to make them fit it. But
later he somewhat withdrew from his position, for it appeared to him
that it was hazardous to extend to liquids and solids a theory- which
could be held onl}' of gases. Avogadro's suggestion therefore rested

in abeyance until the puV)lication in 1858 b}^ Cannizzaro, now professor

of chemisti-y in Rome, of an essaj-^ in which all the arguments in favor

of the hypothesis were collected and stated in a masterly manner. It

will ]je advisable to revert to this hypothesis at a later point and to

consider other guides for the determination of atomic weights.

EQUAL CAPACITY FOR HEAT.

In 1819, Dulong (1785-1838), director of the Ecole Polytechnique at

Paris, and Petit (1791-1820), professor of physics there, made the dis-

covery that equal amounts of heat are required to raise equally the

temperature of solid and liquid elements, provided quantities are taken

proportional to their atomic weights. Thus, to raise the temperature

of 56 grams of iron through 1 degree requires approximately the same

amount of heat as is required to raise through 1 degree 32 grams of

sulphur, 63.5 grams of copper, and so on, these numbers representing

the atomic weights of the elements named. In other words, equal

numbers of atoms have equal capacity for heat. The number of heat

units or calories (one calory is the amount of heat required to raise

the temperature of 1 gram of water through 1^ C.) which is necessary

to raise the atomic weight expressed in grams of any solid or liquid

element through 1° C. is approximately 6.2. It varies between 5.7

and 6.6 in actual part. This affords a means of determining the true

value of the atomic weight of an element, as the following example

will show: The analysis of the only compound of zinc and chlorine

shows that it contains 17.19 per cent of zinc and 52.16 per cent of chlo-

rine. Now, 1 grain of hydrogen combines with 35.5 grains of chlorine

to form 36.5 grains of hydrogen chloride; and, as already remarked, 1

volume of hydrogen and 1 volume of chlorine combine, forming 2 vol-

umes of hydrogen chloride. Applying A\ogadro's hypothesis, 1 mole-

cule of hydrogen and 1 molecule of chlorine react to yield 2 molecules

of hvdrogen chloride, and as each molecule is supposed to consist in
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this case of 2 atoms, hydrogen chloride consists of 1 atom of each of

its constituent elements. The amount of that element therefore which

combines with 35.5 grains of chlorine ma}^ give the numerical value of

the atomic weight of the element if the compound contains 1 atom of

each element. In that case the formula of the above compound would

be ZnCl and the atomic weight of zinc 32.7; but if the formula is

ZnClg the atomic weight of zinc would be 32.7x2; if 7mC\, 32.7x3,

and so on. The .specific heat of metallic zinc enables this question to

be solved. For it has been found experimentall}^ to be about 0.01>5, and

6.2-^0.095= 65.2, a close approximation to 32.7x2=65.4. The con-

clusion is therefore drawn that zinc chloride is composed of 1 atom of

zinc in combination with 2 atoms of chlorine, that the atomic weight

of zinc is 65.4, and that the molecular weight of zinc chloride is

65.4+ (35. 5 X 2)= 136.4. Inasmuch as the relative weight of a molecule

of hydrogen is 2 (that of an atom being 1) zinc chloride in the gaseous

state should be 136.4-^2= 68.2 times that of hydrogen, measured at

the same temperature and pressure. This has been found experi-

mentally to be the case.

The methods of determining the vapor densities, or relative weights

of vapors, are three in number. The tirst method, due to Dumas (1.S27),

consists in vaporizing the substance in question in a bulb of glass or

of porcelain, at a known temperature, closing the bulb while still hot

and weighing it after it is cold. Knowing the capacity of the ))ul)),

the weight of hydrogen necessary to fill it at the desired temperature

can be calculated and the density of the \'apor thus arrived at. A
second method was devised by Gay-Lussac and perfected l)y A. W.
Hofmann (1868), and a third, prefera])le for its simplicity and ease of

execution, is due to Victor Meyer (1881).

In 1858, as already remarked, Cannizzarro showed the connection

between these known facts, and for the first time attention was called

to the true atomic weights, which were up to that time confused with

equivalents, or weights of elements required to replace one unit

weight of hydrogen. These were generally regarded as atomic

weights 1)}' Dalton and his contemporaries.

EXCEPTIONS TO THE LAW.

Some exceptions had been observed to the law of Dulong and Petit,

viz, ber3"llium or glucinium, an element occurring in emeralds; boron,

of which borax is a compound; silicon, the component of quartz and
flint, and carbon. It was found b}^ Weber that at high temperatui'cs

the specific heats of these elements are higher, and the atomic heats

approximate to the number of 6.2; but this behavior is not peculiar to

these elements, for it appears that the specific heat of all elements

increases with rise of temperature.

A certain number of exceptions have also been noticed to the law of

Gaj'-Lussac, which may be fornndated: The molecular weight of a
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compound in a jraseous state is twice its density referred to hydroo-en.
Thus equal volumes of ammonia and hydrogen chloride unite to form
ammonium chloride. It was to be expected that the density should
be half the molecular weight, thus:

NH3+HC1= NH,C1; and 53. 5 --2= 26. 75= density. (14+3) (l+85.,5)

53.5.

But the density actually found is only half that number, viz, 13.37;

and for long this and similar cases were supposed to be exceptions to

the law of Gay-Lussac, viz, that equal volumes of gases at the same
pressure expand equally for equal rise of temperature. In other

instances the gradual decrease in density with rise of temperature can
be followed, as with chloral hydrate, the products of which are chloral

and water.

It was recognized ])y 8t. Claire Deville (1857) that the decrease in

density of such mixtures of gases was due, not to their being excep-

tions to Avogadro's- law, but to the gradual decomposition of the com-
pound body with rise of temperature. To this gradual decomposition

ho gave the name dissociation. This conception has proved of the

utmost importance to the science, as will be seen in the sequel. To
take the above instance of ammonium chloride, its abnormal density

is due to its dissociation into ammonia and hydrogen chloride; and the

gas which is obtained on raising its temperature consists, not of gas-

eous ammonium chloride, l)ut of a mixture of anuuonia and hydrogen

chloride, which, as is easily seen, occup}^, when separate, twice the

volume that woidd bo occupied by the gaseous compound. Of recent

years it has been shown by Broreton Baker that, if perfectly free from

moisture, ammonium chloride gasifies as such, and that its density in

the state of vapor is in fact 26.75.

The molecular complexity of gases has thus gradually become com-

])rehended, and the truth of Avogadro's law has gained acceptance.

And as a means of picturing the behavior of gaseous molecules the

kinetic theory of gases has been devised by Joule, Clausius, Maxwell,

Thomson (Lord Kelvin), and others. On the assumption that the

pressure of a gas on the walls of the vessel which contains it is due to

the continued impacts of its molecules, and that the temperature of a

gas is represented by the product of the mass of the molecules, or

the square of their velocity, it has been possible to offer a mechanical

explanation of Boyle's law, that at constant temperature the volume of

a gas diminishes in proportion as the pressure increases; of Gay-

Lussac's law, that all gases expand equally for equal rise of tempera-

ture, provided pressure is kept constant; the condition being that equal

volumes of gases contain equal luimbers of molecules. A striking sup-

port is lent to this chain of reasoning by the facts discovered by Thomas

Graham (1805-1869), professor at University College, London, and
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sub.se(|ueiitly inustcT of the royal mint. Gnihain dlscovcrocl that the

rates of diffusion of gases into each other is inversely as the scjuare

roots of their densities. For instance, the density of hydrogen being

taken as a unity, that of oxygen is sixteen times as great; if a vessel

containing hydrogen be made to communicate with one containing

oxygen, the hj'drogen will pass into the oxygen and mix with it; and,

conversely, the oxygen will pass into the h3^drogen vessel. This is due

to the intrinsic motion of the molecules of each gas. And Graham
found experimentally that for each volume of oxygen which enters the

hydrogen vessel four volumes of hydrogen will enter the oxygen ves-

sel. Now, 4=x/16; and as these masses are relatively 1 and 10, and

their temperatures are equal, the squares of their velocities are respec-

tively 1 and 16.

COMPLEXITY OF LIQUID MOLECULES.

The question of molecular complexit}- of gases being thus disposed

of, it remains to be considered what is the relative complexity of

liquid molecules. The answer is indicated ])y a study of the capillary

phenomena of liquids, one method of measuring which is the height of

their ascent in narrow or capillar^" tubes. It is impossible in the space

at our disposal to enter into detail as to the method and arguments

necessary. Suffice it to say that the Hungarian physicist Eotvos was

the first to indicate the direction of research, and that Ramsay and

Shields succeeded in proving that the complexity of the molecules of

most liquids is not greater than that of the gases which they form on

being vaporized; and also that certain liquids, e. g., water, the alcohols,

and other liquids, are more or less '^ associated;" i. e., their molecules

occur in complexes of two, three, four, or more, and as the teuq3era-

ture is raised the complexity of molecular structure diminishes.

As regards the molecular complexitj^ of solids nothing definite is

known, and. moreover, there appears to be no method capal)le of

revealing it.

ELECTRO-CHEMICAL THEORY.

While the researches of which a short account has now been given

have led to knowledge regarding the nature of molecules, the struc-

ture of the molecule has excited interest since the early years of the

century, and its investigation has led to important results. The fact

of the decomposition of acidified water by an electric current, discov-

ered by Nicholson and Carlisle, and of salts into '•" bases " and ""acids"

by Berzelius and Hisinger, in 1803, led to a belief that a close connec-

tion exists between electric energy or. as it was then t(>rmed, "electric

force." and the affinity which holds the constituents of chemical com-
pounds in combination. In 1807 Davy propounded the theory that all

compounds consist of two portions, one electro-positive and the other
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elcM'tro-neg-ativo. This idea was the result of experiineiits on the
behavior of substances such, for example, as coY)per and sulphur. If

portions of those elements be insulated and then brought into contact,

they become oppositely electrified. The degree of electrification is

intensified by rise of temperature until, when combination ensues, the
electrification a anishes. Combination, therefore, according to Davy,
is concurrent with the equalization of potentials. In 1812 Berzelius

brought forward an electro-chemical theory, which for the following

twenty years was generally accepted. His primary assumption was
that the atoms of elements or, in certain cases, groups of atoms are

themselves electrified; that each atom or group of atoms possesses two
poles—one positive, the other negative; that the electrification of one

of these poles predominates over that of the other, so that the atom or

group is itself, as a whole, electro-positive or electro-negative; that

combination ensued between such oppositely electrified bodies by the

neutralization, partial or complete, of their electric charges; and,

lastl}^ that the polarity of a*n element or group could ])e determined

by noting whether the element or group separated at the positive or

the negative pole of the galvanic battery or electrolysis. For Berzelius,

oxygen was the most electro-negative and potassium the most electro-

positive of the elements, the bridge between the "nonmetals'' and the

"metals" being hydrogen, wdiich, with nitrogen, forms a basic or

electro -positive group, while with chlorine, etc.. it forms electro-

negative groups. The fact that an electric current splits compounds

in solution into two portions led Berzelius to devise his "dualistic"

svstem, which involved the assumption that all compounds consist of

two portions, one electro-positive, the other electro-negative. Thus,

sulphate of magnesium and potassium was to be regarded as composed

of electro-positive potassimn sulphate in combination with electro-

negative magnesium sulphate; the former in its turn consisted of

electro-negative sulphur trioxide (SO3) in combination with electro-

positive oxide of potassium (KgO), while each of these proximate

constituents of potassium sulphate were themselves composed of the

electro- negative oxygen in combination w4th electro-positive sulphur

or potassium. On contrasting sulphur with potassium, however, the

former was considered more electro-negative than the latter; so that

the group SO3 as a whole was electro-negative, while K2O was electro-

positive. The symbols given above, which are still in universal use,

were also devised by Berzelius for the purpose of illustrating and

emphasizing his views. These views, however, met with little accept-

ance at the time in England.

OLD THEORIES LOSE GROUND.

Lavoisier's idea that oxygen was the necessary constituent of all

acids began about this time to lose ground; for Davy had proved

the elementary nature of chlorine, and hydrochloric acid, one of the^
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strongest, was thus seen to contain no oxygen, and Davy expressed

the view, founded on his observation, that iodic "'acid,'' I2O5, was

devoid of acid properties until dissolved in water, and that the essen-

tial constituent of all acids was hydrogen, not oxygen. The bearing

of this theory on the dualistic theory is, that while, e. g., sulphuric acid

was regarded by Berzelius as SO3, containing no hydrogen, and was sup-

posed to be separated as such at the positive pole of a batter}^ Davy's

suggestion led to the opposite conclusion, that the formula of sulphuric

acid is HgSO^, and that by the current it is resolved into H^ and SO^.

Faraday's electrolytic law, that when a current is passed through elec-

trolytes in solution the elements are liberated in quantities propor-

tional to their equivalents, led to the abandonment of the dualistic

theory. For when a current is passed in succession through acidified

water, fused lead chloride, and a solution of potassium sulphate, the

quantities of h^^drogen and oxygen from the water, of lead and chlorin

from the lead chloride, and the potassium of the sulphate are in accord-

ance with Faraday's law. But in addition to the potassium there is

liberated at the same pole an equivalent of hydrogen. Now, if Eer-

zelius's theory be true, the products should be SO3 and K^O, but if the

opposite view be correct, then Kg is liberated first and by its subse-

quent action on water it yields potash, and its equivalent of hydrogen.

This was pointed out first by Daniell, professor at King's College,

London, and it was regarded as a powerful argument against Berze-

lius's system. In 1833, too, Graham investigated the phosphoric acids,

and prepared the salts of three, to which he gave the names ortho-,

pyro-, and meta- phosphoric acids. To understand the bearing of this

on the doctrine of dualism it must be remembered that P2O5. pent-

oxide of phosphorus, was at that date named phosphoric acid. When
dissolved in water, it reacts with bases, forming salts— the phosphates.

But the quantity of water necessary was not then considered essential;

Graham, however, showed that there exist three series of salts; one

set derived from PgOg, SH^O; one from PgOg, 2H2O, and a third from

P2O5, HoO. His way of stating the fact was that water could play the

part of a base; for example, the ordinary phosphate of commerce pos-

sessed, according to him, the formula P2O5, QNagO, HgO; two-thirds

of the "water of constitution" being replaced by oxide of sodium.

Liebig, then professor at Giessen (1803-1873), founded on these and on

similar observations of his own the doctrine of pol3^basic acids—acids

in which one, two, three, or more atoms of hydrogen were replaceable

by metals. Thus, instead of writing, as Graham did, P.O.r,, ^^NagO, HgO,
he wrote PO^NajH; and for orthophosphoric acid, PO^Hg. The group

of atoms (POJ therefore existed throughout the whole series of ortho-

phosphates, and could exist in combination with hydrogen, with hydro-

gen and metals, or with metals alone. Similarly the group (P^O^) was

characteristic of pvrophosphates and (PC,) of metaphosphatcs, for

P2O,, 2H2O (P2O,) H,; and F,0,, H„0=^^(P03)H.
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CLEAR IDEAS OF THE STRUCTURE OF THE MOLECULE.

The first clear ideas of the structure of the molecule were, however
gained from the study of the compounds of car])on. It was difficult to

apply the dualistic theory to them. For few of them are electrolytes

and therefore their products of electrolysis, being- nonexistent, could
not be classified. Nevertheless, Gay-Lussac regarded alcohol, C.,H,.0,

as a compound of i\B.^, ethylene, and H.3O, water, and oxalic acid

(anhydrous), C.Og, as one of CO^ with CO. The discovery of " isomeric
compounds,'' i. e., of compounds which possess the same ultimate

formula and yet difi'er entirely in their properties, forced upon chemists

the necessity of attending to the structure of the molecule, for only bv
such a supposition could the difference between two isomeric l)odies )>e

explained. In 1823 Liebig discovered that silver fulminate and silver

cyanate both possessed the empirical formula AgCNO. In 1825 this

was followed by the discovery b}' Faraday that oil gas contains a

hj^drocarbon identical in composition with ethvlene, C.,H^, yet difiering

from it in properties; and in 1829 Wohler, professor in Gottingen

(1800-1882), discovered that urea, a constituent of urine, could be

produced by heating ammonium cj^auate, NH^CNO, a substance of the

same formula. It therefore became clear that the identity of a com-

pound must depend on some other cause than its ultimate composition.

In 1838 Liebig and Wohler took an important step in elucidating

this question by their investigations on benzoic acid, an acid obtainable

b}' distilling a resin named gum benzoin. They showed that this acid,

C^HyOg, could be conceived as consisting of the group CIH.O, to which

they gave the name "benzoyl," in combination with OH; that benzoic

aldehyde, C\HgO, might be regarded as its compound with h3'drogen;

that it also formed compounds with chlorine and bromine and sulphur,

and replaced hj^drogen in anmionia (CjHgO.NHJ. They termed this

group benzoyl, a "compound element," or a "radical." This research

was followed by one by Robert Bunsen, professor at Heidelberg, born

in 1811, and recently (1899) dead, which bore reference to cacodyl, a

compound of arsenic, carbon, and hydrogen, in which the idea of a

radical was confirmed and amplified.

The idea of a radical having thus become established, Je:\n Baptiste

Andree Dumas, professor in Paris (1800-1884). propounded the theory

of "substitution," i. e., that an element such as chlorine or oxygen

(which, be it noticed, is electro-negative on Berzelius's scale) could

replace hydrogen in carbon compounds, atom for atom, the resulting

compound belonging to the same "type" as the one from which it was

derived. And Laurent, warden of the mint at Paris (1807-1853), and

Gerhardt, professor at Montpelier and at Strassburg (1816-1856),

emphasized the fact that one element, be it what it may, can replace

another without fundamentally altering its chemical character, and

SM 19U(J 18
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also that an atom of hydrog-en can be replaced by a group of atoms, or

radical, behaving for the occason like the atom of an element. It is

to Laurent and Gerhardt that we owe the deiinition of an atom—the

smallest quantit}- of an element which can be present in a compound;

an equivalent—that weight of an element which combines with or

replaces one part by weight of hydrogen; and a molecule—the smallest

quantitv which can exist in a free state, whether of an element or a

compound. They recognized, too, that a molecule of hydrogen,

chlorine, etc., consists of two atoms.

POWERS OF COMBIXATION.

In 1849 Wurtz, professor in Paris (1S1T-18S4), and Ilofmann, then

professor in'the College of Chemistry in London, afterwards at Berlin

(1818-1892), discovered series of compounds allied to ammonia, NH3,

in which one or more atoms of hydrogen were replaced by a group,

or radical, such as methyl (CH3), ethyl (CjH:^), or phenyl (CgH.).

Wurtz referred such compounds to the ammonia "tvpe." They all

resemble ammonia in their physical properties, smell, taste, etc., as

well as in their powc of uniting with acids to form salts resembling

anmionium chloride (NH^Cl) and other ammonium compounds.

Shortly afterwards Williamson, professor at University College, Lon-

don (1855-1887), added the ''water type,'' in consequence of his

researches on "mixed ethers"—bodies in which the hydrogen of water

might be regarded as replaced by organic radicals. Thus we have the

series, H.O.H: CH3O.H; CHg.O.CH,; NH3NH,.CH3; NH (CH3),, and

N (CH3)3, the tirst representing compounds following the water type,

the latter the ammonia type. This suggestion had })een previously

made by Laurent in 1846. But Williamson extended his A'icws to

inorganic compounds; thus, sulphuric acid was represented as con-

structed on the double water type—HO.SO2.OH, being derived from

H.O.(HH).0. H, the two hydrogen atoms inclosed in brackets being-

replaced by the radical SO.,. To these t^-pes Gerhardt added the

hydrogen and hydrogen chloride types, H.H. and H.Cl; and later

Kekule, professor in Bonn (1829), added the marsh gas type CH^.

The next important step was taken b\^ Frankland, professor in the

Koyal School of Mines, London. His work, however, had been antici-

pated by Crum Brown (professor at Edinburgh University) in a pam-
phlet even yet little known. It was to attribute to elements one or

more powers of combination. To these he gave the name '"valency,""

and the capacity of possessing valency was called "quantivalence."

Thus h3'drogen was taken as a '"monad" or monovalent. Chlorine,

because it unites with hydrogen atom to atom, is also a monad. Oxy-
gen, having the power to combine with two atoms of hydrogen, was
termed a dyad, or divalent; nitrogen a triad, or trivalent; carbon a
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tetriid. or tetravalent, and ,so on. This is evident from inspection of
the fornuihe of their conipoimds with hvdrogen. thns:

/H H. /H
H-Cl . H-O-H

! H-N<; >C<f
^H H^ ^H

Instances of penta-, hexa-. and even hepta-valency are not wanting.

KKY TO STRUCTUKK OF ( HEMICAL COMPOUNDS.

This was the ke}' to unlock the structure of chemical compounds;
and Franklands' views, just stated, are still held })y chemists. The
determination of the constitution of compounds, chietl}^ those of car-

bon, occupied the attention of chemists almost exclusivel}^ until 1880,

The plan of action is much the same as that of a mechanician who
wishes to imitate a complicated mechanism. He must first dissect it

into o-rou]3s of mechanical contrivances; these are next constructed,

and thev are finally built together into the complete machine. In

certain cases the atoms of carbon are arrranged in "chains,''' as, for

example, in pentyl alcohol.

H3C-C-C-C-C-O-H
H,H,H,H„

each atom ])eing tetrad, and its '"affinities," or powers of combination,

saturated either with hydrogen or with those of neighboring atoms of

carbon; in others they are in the form of a " ring," as in b<Mizene, the

fornuda of which was first suggested by Kekule, viz:

H H

HCt >CHI,

H H

or in both, as in ethvl l)enzene.

H H

H H

H



250 PROGRESS 11^ CHEMISTRY.

caffeine, the essential principles of cocoa and tea; alizarine and indigo,

valuable dyestufl's, and several of the alkaloids, bitter principles con-

tained in plants, of g-reat medicinal value.

THE EFFECT ON INDUSTRIAL PROGRESS.

They have led, too, to the discovery of man}'- brilliant colors, now
almost universally employed, to the exclusion of those less brilliant,

because less pure, derived from plants, and in one or two cases from

animals; the manufacture of gun cotton, dynamite, and similar high

explosives; and to the development of the candle industry, the sugar

manufacture; to improvement in tanning, in brewing, and in the

preparation of gas and oils for illuminating purposes. In short, it may
be said that the industrial progress of the latter half of the century

has been due to the theoretical views of which a short sketch has just

been given.

Such formulae, however, can evidently not represent the true con-

stitution of matter, inasmuch as the atoms are imagined to lie on a

plane, whereas it is evident that they must occupy space of thi'ee

dimensions and possess the attributes of solidity. The conception

which led to the formulation of such views w^as due first to Pasteur, in

his later years director of the institute known by his name at Paris,

and more directly to LeBel (Bulletin de la Societe Chimique de Paris,

1874) and Van't Hoff (Voorstel tot Uitbreiding der Structuur-Formules

in de Kuimte, lS7-i), now professor at Berlin, independently of each

other. In 1848 Pasteur discovered that it was possible to separate the

two varieties of tartaric acid from each other, and that that one which

rotated the plane of polarized light to the right gave crystals with an

extra face, unsymmetrically disposed with regard to the other faces of

the crj^stal. The variety, the solution of which in water was capable

of producing left-handed rotation, also possessed a similar face, but so

placed that its reflection in a mirror reproduced the right-handed

variety. Pasteur also show^ed that a mixture of these acids gave

crystals not characterized by an unsymmetrically placed face, and

also that the solution was without action on polarized light. These

observations remained unexplained until LeBel and Van't Hoff, in

1874, simidtaneously and independently devised a theory which has,

up till now, stood the test of research. It is briefly this: Imagine two
regular tetrahedra, or three-sided pyramids, standing each on its tri-

angular base. An idea can best be got by a model, easily made by
laying on a table three Inciter matches so as to form an equilateral

triangle, and erecting a tripod with three other matches, so that each

leg of the tripod stands on one corner of the triangle. At the center

of such a tetrahedron an atom of carbon is supposed to be placed.

Marsh gas, CH^, is supposed to have such a structure, each corner, or

solid angle of the structure (of which there are four), being occupied
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by an atom of hydrogen. This represents the solid or stereochemical

t'orunda of methane or marsh gas. Now, suppose one of the atoms of

hydi'og-en in each of these structures to be replaced by chlorine, the

group (OH), or any other monovalent element or group. It is evident

that, if not exactly similar (owing to the replacement not having been
made at similar corners in each), the two structures can be made simi-

lar by turning one of them round mitil the position of the substituting

atom or group (which we will term X) coincides in position with X in

the stationary one. If two such replacements be made, say with X
and Y in each, coincidence can again lie made to take place; but the

same is not the case if X, Y, and Z replace the three atoms of h3"dro-

gen in the structure; for there is one way of replacement which is the

optical image of the other and represents the other's reflection in a

mirror,

X X

and

DEVELOPMENT OF BACTERIOLOGY.

Now, it is found that when the four corners of such a structure are

occupied by four separate atoms or groups, or when (as the expression

goes) the body contains an '"asymmetrical carbon atom," if the sub-

stance of one of its derivations can be obtained in a crystalline form,

the crystals are also asymmetric, i. e. , each develops a face which is

the mirror reflection of a similar face developed on the other variety;

and if a beam of polarized light be passed through the solution of the

substance, its plane is rotated to the left if one variety be used, and,

if the other, to the right. This hypothesis of LeBel's and Van't Hoff's

has had an enormous influence on the progress of organic chemistry.

By its means Fischer, now professor at Berlin, has explained the reason

of the existence of the enormous number of bodies analogous to grape

and cane sugar and has prepared many new varieties; and it appears

likely that the terpenes, a class of bodies allied to turpentine, and com-

prising most of the substances to which the odor of flowers is due, may

thereby find their explanation. It may be mentioned in passing that

Pasteur, having found that ordinary mold destroyed one variety of

tartaric acid rather than the other in a mixture of the two, and made

use of this observation in order to prepare the unattacked variety in a

state of purity, was led to study the action of organisms more or less

resembling mold; and that this has led to the development of the

science of bacteriology, which has had an enormous influence on our

views regarding fermentation in general, and guides the work of our

physicians, our surgeons (witness Lister's antiseptic treatment), our

sanitary engineers in their estimate of the purity of drinking water
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and of the disposal of sewage, of our luaimfactures of beer and spirits,

of wine growers, and more recently of farmers. All these processes

depend upon the action of organisms in producing chemical changes,

whether in the tissues of the body, causing or curing disease, or in the

production of flavored alchohol from sugar, or in the manufacture of

butter and cheese, or in preparing the land for the reception of crops.

We also owe to the genius of Van't Hofl' the most important advance

of recent times in the region of physical chemistry. It had been

observed by M. Raoult, professor at Gi'enoble, that the freezing point

of a solvent as a general rule is lowered to the same extent if there be

dissolved in it quantities of substances proportional to their molecular

weights. Thus supposing 1.80 grams of grape sugar be dissoh^ed in

100 grams of water and the solution cooled below 0° C. with constant

stirring, ice separates suddenl}' in thin spicules, and the temperature

rises to —0.185'^. If 3.42 grams of cane sugar be similar!}- dissolved in

100 grams of water the freezing point of the solution is again —0.185'-'.

Now 1.80 and 3.42 are respectively the hundredth part of the molecular

weights of grape sugar (CgHjjOg) and cane sugar, CigllggOji. Simi-

larly, Raoult found that quantities proportional to molecular weights

dissolved in a solvent depress the vapor pressure of that solvent

equalh^, or, what comes to the same thing, raise its boiling point b}'

an equal number of degrees. But ordinary salts, such as sodium

chloride, potassium nitrate, etc., dissolved in water, give too great a

depression of the freezing point and too high a boiling point. Next, it

had been observed b}" botanists, De Vries, Pfefl'er, and others, who had

examined the ascent of sap in plants, that if a vessel of unglazed porce-

lain, so treated as to cause a film of cupric ferrocyanide (a slimy red com-

pound) to deposit in the pores of its walls', be filled with a weak (aljout

1 per cent) solution of sugar or similar substance, and plunged in a vessel

of pure water, water entered through the pores. By attaching a manom-
eter to the porous vessel the pressui-e exerted by the entering water

could be measured. Such pressure was termed " osmotic pressure,"

referring to the "osmosis," or passage through the walls of the vessel.

Such prepared walls are permeable freeh' to water, but not to sugar

or similar bodies. Van't Hofi' pointed out that the total pressure regis-

tered is proportional to the amount of substance in solution and that

it is proportional to the absolute temperature, and he showed, besides,

that the pressure exerted by the sugar molecules is the same as that

which would be exerted at the same temperature were an equal num-

ber of molecules of hydrogen to occupy the same volume as the sugar

solution. This may be expressed by stating that when in dilute solu-

tion sugar molecules behave as if they were present in the gaseous

state. Here again, however, it was noticed that salts tended to give a

higher pressure; it was difficult to construct a semipermeable dia-

phragm, however, which would resist the passage of salt molecules,

while allowing those of water to pass freely. Lastly, Arrhenius, of
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Stockholm, hiid .shown that the conductivit}' of salt .solutions for elec-

tricity may be explained on the assumption that when a .salt, such as

KNO3, is di.s.solved in w^ater it di.s.sociates into portions similar in num-
ber and kind to those it would yield if electrolyzed and if no second-

ary reactions were to take place. Such portions (K and NO^ for

example) had been named ions l)y Faraday. The conductivit}^ of such

solutions l)ecomes greater, per unit of dissolved salt, the weaker the

.solution until finally a limit is reached, after which further dilution no
loiio-ci- increases conductivit}'. Now Van't Hoff united all these iso-

lated observations and showed their hearing on each other. Stated

shortly the hypothesis is as follows: When a substance is dissolved in

a large quantity of a solvent its molecules are separated from each

other to a distance comparable with that which obtains in gases. They
are, therefore, capable of independent action and when placed in a

vessel the walls of which are permeable to the solvent, l)ut not to the

dissolved substance ('*.semipermea])le membrane"), the imprisoned

molecules of the latter exert pressure on the interior surface of these

walls as if they were gaseous. Van't Hoti" showed the intimate con-

nection between this phenomenon and the depression of freezing point

and vapor pressure already alluded to. He pointed out further that

the exceptions to this behavior, noticed in the case of dissolved .salts,

are due to their "electric dis.sociation " or "ionization," as it is now
termed; and that in a sufficiently dilute solution of potassium nitrate,

for example, the osmotic pressure and the correlated depression of

freezing point and rise of boiling point are practically equal to what

would be produced were the salt to be .split into its ions, K and NO3.

These views were vigorously advocated by Ostwald (professor at Leip-

zig) in his " Zeitschrift fiir physikalische Chemie," and he and his pupils

have done nmch to gather together facts in confirmation of this theory

and in extending its scope.

It must be understood that the ions K and NO3 are not, strictly

speaking, atoms; they are charged atoms; the K retains a + and the

NO3 a — charge. On immersing into the solution the poles of a bat-

tery, one charged + and the other — , the +K atoms are attracted

to the — pole and are there discharged; as soon as they lose their

charge they are free to act on the w^ater, when they liberate their

equivalent of hydrogen. Similarly, the -NO3 groups are discharged

at the -f pole and abstract hydrogen from the water, liberating an

equivalent quantity of oxygen. Thus the phenomenon of electrolysis,

so long a mysterious process, finds a simple explanation. The course

of ordinary chemical reactions is also readily realized when viewed in

the light of this theory. Take, for example, the ordinary equation:

AgN0,.Aq+NaCl.Ag=AgCl+NaN03.Aq;

i. e., solutions of silver nitrate and sodium chloride give a precipitate
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of silver chloride, leaving- sodium nitrate in solution. By the new

views, such an equation must be written

+ — + — + —
Ag.Aq+NO,.A(i+Na.Aq+Cl. Aq=AgCl+Na.Aq+NO,. Aq.

The compound, silver chloride, being insoluble in water, is formed

by the union of the ions Ag and CI and their consequent discharge,

forming an electrically neutral compound; while the sodium ions,

charged positivel}^ together with the NO., ions, negatively charged,

remain in solution.

One more application of the principle may ))e given. Many observ-

ers, Andrews, Favre, and Silbermann, but especially Julius Thomsen,

of Copenhagen, and M. Berthelot, of Paris, have devoted much labor

and time to the measurement of the heat evolved during chemical

reactions. Now, while very different amounts of heat are evolved

when chlorine, bromine, or iodine combine, respectively, with sodium

or potassium, the number of heat units evolved on neutralizing sodium

or potassium hydroxide with hydrochloric, hydrobromic, hydriodic, or

nitric acids is always about 18,500. How can this fact be explained?

It finds its explanation as follows: These acids and bases are ionized

in solution, as shown in the equation:

+ — + - + —
H.Aq+Cl.Aq+Na.Aq+OH.Aq = H.()H+Na.Aq+Cl.Aq.

Water is the only compound formed, and it is produced by the union

of the hydrogen ion originally jjelonging to the acid and the OH, or

hydroxyl ion originally belonging to the base. No further change has

occurred; hence the uniform evolution of heat by the interaction of

equivalent quantities of these acids and bases.

PEmODIl" AKKANGEMENT OF THE ELEMENTS.

It now remains to give a short account of the greatest generalization

which has as yet been made in chemistry; it has lieen termed the

periodic arrangement of the elements.

In 1864, Newlands, of London, and Lothar Me3^er, late of Tu])ingen,

found that bj^ arranging the elements in the order of their atomic

weights certain regularities were to be observed between each element,

and in general the eighth in succession from it, in the order of their

numerical value. Such similar elements formed groups or quantities,

while the elements separating them belong to a period, hence the name
" periodic arrangement.'' Conunencing with lithium, a light, lustrous

metal found as silicate in certain minerals, we have the following series.
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that the iinahsorba])lo residue possessed an unknown spectrum, and

that its density was nearh' 20. To this new gas they gave the name

"argon," or inactive, seeiijg that all attempts to cause it to enter into

combination had failed. In 1895 Ramsay, searching for possi])le com-

binations of argon in minerals, experimented with one which had been

previously examined by Hillebrand. of Baltimore, and obtained from

it helium, a gas of density '2, possessing a spectrum which had bi'en

previously discovered in 1868 in the chromosphere of the sun ))v fbmn-

sen, of Paris, and named helium by Frankland and Lock^er. Subse-

quent liquefaction of crude argon l)v means of liquid air. prepared In'

a process invented simultaneoush' by Linde and Hampson, gave a res-

idue which was named bj" its discoverers, Ramsay and Travers, " neon."

Liquid argon has yielded two other gases also, ''krypon ""and '•xenon.''

These elements form a separate group in the Periodic Table, com-

mencing with helium, with atomic weight 1: neon. 20: argon, 1:0;

krypon, 82, and xenon, 128. They all agree in being monoatomic;

i. e., their molecules consist of single atoms, and they have no ten-

denc}' to form compounds; i. e., they possess no valencv.

CHEMISTRY AND COMMERCIAL SUPREMACY.

In this sketch of the progress of chemistry during the century which

has just passed attention has been paid chiefly to the progress of thought.

Allusions must, however, be made to the applications of chemistry to

industrial purposes. The development of the soda industry, the prep-

aration of carbonate of soda and caustic from common salt—initiated

in France by I.e Blanc (1742-1806)—has been developed by Tennant in

Scotland, and ]Muspeath and Gossage, and by Hargreaves, Weldon. and

Maetea in England. This process has at present a serious rival in the

ammonia-soda process developed by Solwaj" in Belgium and by Brun-

ner and Mond in England. The manufacture of sulphuric acid, so

long associated with the alkali process, has made enormous strides

during the present century, but is still, in the main, the original proc-

ess of causing sulphur dioxide in presence of water to absorb the

oxygen of the air through nitric oxide. But the saving of the oxides

of nitrogen through the invention of a sulphuric-acid tower by Gay-

Lussac, known by his name, and the reutilization of these oxides in

the "Glover" tower, invented by John Glover, of Newcastle, have

greatl}' lessened the cost of the acid. Concentration of the acid in

iron vessels is now common, the cost of platinum or of fragile glass

vessels being thereb}^ saved. The desulphurization of iron and the

removal of silicon, carbon, and phosphorus b}- Bessemer's process,

modified by Thomas and Gilchrist through the introduction of a "" basic

magnesia lining" for the converters, has made it possil)le to obtain

pure iron and steel from ores previously regarded as of little value.
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The use of artificial manures, prepared by mixing refuse animal
matters with tetra-hydrooen, calcium phosphate, and nitrate of soda or
sulphate of ammonia, first introduced by Liebig, has created a revo-
lution in agricultural methods and in the weight of crops obtainable

from a given area of soil. The influence of manures on crops has
l)een fully studied by Lawes and Gilbert for more than fifty years in

their experimental farms at Rothampstead. The most remarkable
advances which have been made, however, are due to cheap electric

current. The electrolysis of alumina, dissolved in fused cryolite to

obtain aluminum, an operation carried out at Schaft'hausen on the

Rhine and at the Falls of Foyers in Scotland, the electro deposition

of pure copper for electric W'ires and cables, electro silvering, gilding,

and nickeling, all these are instances where decomposition of a com-
pound by the electric current has led to important industrial results.

At present soda and chlorine are being manufactured by the electro-

lysis of salt solution contained in rocking trays, one of the electrodes

])eing mercury, by the Castner-Kellner process. This manufacture is

])eing carried on at Niagara, as well as in England. But electricity as

a heating agent finds ever-extending application. Henri Moissan

(professor at Paris) led the way by utilizing the enormous heat of the

arc in his electric furnace, thereb}^ among other interesting reactions,

manufacturing diamonds, small, it is true, though none the less real.

The use of electricity as a heating agent has received new applications.

Phosphorus is now made by distilling a mixture of phosphates of lime

and alumina with coke; a new polishing agent has been found in "car-

l)orundum," a compound of carbon and silicon produced by heating in

an electrical furnace a mixture of sand and coke, and cyanide of

potassium, almost indispensable for the extraction of gold from ores

poor in gold, is now manufactured b}- heating a mixture of carbon and

carbonate of barium in an electric furnace in a current of carbon

monoxide. These are but some of the instances in which electricity

has been adopted as an agent in eflecting chemical changes, and it

may l)e confidently predicted that the earlier years of the twentieth

century will witness a great development in this direction. It may be

pointed out that the later developments of industrial chemistry owe

their success entirely to the growth of chemical theory; and it is

obvious that that nation which possesses the most competent chemists,

theoretical and practical, is destined to succeed in the competition

with other nations for commercial supremacy and all its concomitant

advantages.





LIQUID HYDROGEN.'

By Professor Dewak, M. A.. LL. D., F. R. S., M. R. I.

My colleague, Lord Raylelgh, in his conmiemoration lecture dealt

so admirably and exhaustively with some of the discoveries of our

great predecessors in this institution that it will be unnecessary to

pursue further the lines of historical treatment in this lecture.

Instead of discoursing generally on the chemical side of the work
of Da\y and Farada}^ and their successors, it has seemed to me more
appropriate to attempt some experimental demonstrations of the

latest modern developments in a field of inquiry opened out to science

by the lal)ors of the two illustrious chemists just mentioned. With
this object in view, my discourse this evening will be confined to the

subject of liquid hydrogen. Davy said: "Nothing tends so much to

the advancement of knowledge as the application of a new instrument.

The native intellectual powers of man in different times are not so

much the causes of the different success of their hibors as the peculiar

nature of the means and artificial resources in their possession." The
new instrument of research, which for the first time we haA'^e to

experiment with before an audience, is the liquid form of the old

inflanmiable air of Cavendish. Lavoisier toward the end of the last

centur}' had the scientific acumen to declare that, in his opinion, "'if

the earth were suddenly transported into a very cold region, the air, or

at least some of the aeriform fluids which now compose the mass of our

atmosphere, would doubtless lose their elasticity for want of a sufficient

temperature to retain them in that state. They would return to the

liquid state of existence and new liquids would be formed, of whose

properties we can not at present form the most distant idea." Black,

about the same time, in discussing the properties of hydrogen, makes

the following suggestive observations: " We may now further remark,

with regard to inflammable air, that it is at presG?nt considered as one

of the simple or elementary bodies in nature. I mean, however, the

basis of it, called the hydrogen by the French chemists; for the inflam-

mable air itself, namely, hydrogen gas, is considered as a compound of

^ Centenary commemoration lecture, Royal Institution of Great Britain, "Wednes-

day, Jmie 7, 1899, His Grace the Duke of Northumberland, K. O., president, in the

chair, by Professor Dewar, M. A., LL. D., F.R.S., M. R. L, FuUerian professor of

chemistry R, 1,
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that basis and the matter of heat. What appearance and properties that

basis would have, were it deprived of its latent heat and elastic form,

and quite separated from all other matter, we can not tell." The accu-

rac}' of the prophecy of Lavoisier has been experimentally verified, l)ut

until recently we had no distinctive answer to the riddle of Black. The

object of this lecture will be an attempt to advance the solution of the

problem suggested by Black a century ago. It is interesting to note

how" confident Farada}^ was that hydrogen would ultimately be o))tained

in the liquid and solid form. In the couree of one of his lectures deliv-

ered m the year 1852 he said: "There is reason to ])elieve we should

derive much information as to the intimate nature of these nonmetallic

elements if we could succeed in obtaining hydrogen and nitrogen in the

liquid or solid form. Many gases have been liquefied; one, carbonic-

acid gas, has been solidified; but hydrogen and nitrogen have resisted

all our efforts of this kind. Hydrogen, in many of its relations, acts

as though it were a metal; could it be obtained in a liquid or solid

condition the doubt might be settled. This great problem, however,

has 3'et to be solved; nor should we look with hopelessness on this

solution, when we reflect with wonder—and, as I do, almost with fear

and trembling—on the powers of investigating the hidden qualities of

these elements, of questioning them, making them disclose their

secrets and tell their tales, given by the Almighty to man." It must

be confessed, however, that later phvsicists and chemists were ahiiost

forced to conclude that the problem was a hopeless one. The full

history of the liquefaction of hydrogen has been dealt with in a Frida}^

evening discourse^ delivered in January of this yqiiy, so that all questions

dealing with the work of other investigators may for the present be

omitted in order to save time for the experimental illustrations.

This large spherical double-walled and silvered vacuum vessel

contains 1 liter of liquid hj^drogen. You observe it is lifted out

of a large cylindrical vessel full of liquid air. In order to diminish

the rate of evaporation it is necessary to surround the vessel in which

the hydrogen is collected with liquid air. Under such conditions

the rapidity of evaporation is about the same as that of liquid air

when kept in a similar vessel in the ordinary wa}'. In order to

prove that hydrogen is present in the liquid form, the simplest

experiment is to remove the cotton-wool plug, which takes the place

of a cork, and insert a metallic wire, to the end of which is attached

a ball of asbestus for the purpose of absorbing the liquid. On bring-

ing it qviickly into the air and applying a light it burns with the

characteristic appearance of the hydrogen flame (Fig. C, PL II).

The liquid can readily be poured from one variety of vacuum vessel

into another, so that by means of this unsilvered cylindrical form the

appearance of the liquid and other experiments may be projected on

* Reprinted in Smithsonian Report, 1899, pages 131-142.



LIQUID HYDROGEN. 261

a screen (Fig. A, PI. II). The liquid hydrogen appears in oentle

ebullition and is perfectly clear, only there is a white solid deposit in

the bottom of the tube, which is really solid air. This may l)e shown
by removing- for an instant the cotton-wool stopper, when you see

a snow of solid air falling in the liquid. It is easy to arrange a

method of carrying liquid hydrogen in a small vacuum vessel in such

a way as to prevent the access of air. This is shown in fig. 1, PI. I,

where the vacuum vessel, after it has been filled by dipping it into the

main supply l)y means of a supporting wire, is surrounded with a glass

envelope, which becomes filled with an atmosphere of hydrogen gas

constantly maintained, thereb}' preventing the access of air. That

the density of the liquid is very small and is altogether unlike liquid

air is shown by dropping small pieces of cork, which float readily in

the latter liquid but sink instantly in the hydrogen (Fig. B, PI. II).

The real density of the liquid is only one-fourteenth that of water, so

that it is by far the lightest known liquid. This small density explains

the rapidity with Avhich the liquid is cleared on the entrance of the

air snow. The relative smallness of the gas bubbles produced in the

actively boiling liquid, which causes an appearance of opalescence, is

really due to the small surface tension of the liquid hydrogen. The

coefficient of expansion of liquid hydrogen is some five times greater

than that of liquid oxygen, and is comparable with that of carbonic

acid, about 5'^ from its critical point. The latent heat of evaporation

is about 190 units, and the specific heat of the liquid is very high,

and, so far as my experiments go, leads me to the value 6. This is in

very marked contrast to the specfic heat of liquid oxygen, which is

about 0.5. The extraordinary lowness of its boiling point is at once

apparent l)y cooling a piece of metal in the liquid and then removing

it into the air. when it will be seen to condense for a moment solid air

on its surface which soon melts and falls as a liquid air. This may be

collected in a small cup, and the production of oxygen demonstrated

by the ignition of a red-hot splinter of wood after the chief portion of

the nitrogen has evaporated. If a long piece of quill tubing sealed at

one end, but open at the other, is placed in the liquid, then the part

that is cooled rapidly fills with liquid air. On stopping any further

entrance of air by closing the end of the tube, the liquid air quickly

becomes solid, showing in the interior a hollow spindle from con-

traction, in passing from the liquid into the solid form (Fig. E, PI. II).

On })ringing the tube containing the solid from the liquid hydrogen

bath into the air we observe liquid air running from the surface while

the solid air inside is seen to melt (Fig. D, PI. II). Here is a tube

into which liquid oxygen has been poured. On placing it in liquid

hydrogen it freezes to a clear blue ice. Liquid nitrogen under simdar

circumstances forms a colorless ice. If instead of an open tube m
free air we employ a closed vessel of about a liter capacity to which
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the quill tube is attached, then, on repeating- the expenment, the same

results follow, only the volume of the liquid air formed agrees with

the total quantity present in the vessel. This suggests that any air

left in the closed vessel must have a very small pressure. This Is con-

firmed by attaching a mercurial gauge to any vessel containing air,

when it will be seen the vacuum produced by hydrogen cooling is

equal to that of a Torricellian vacuum (fig. 2, PI. I). To reach such a

high exhaustion the solid oxygen and nitrogen at the boiling point of

hydrogen must be practically nonvolatile or have an exceedingly

small vapor pressure. If the ordinary air contains free hydrogen,

helium, etc., which are noncondensable in this way of working, then

the vacuum would not be so high as with pure oxygen or nitrogen.

This method may be used to separate the incondensable gases from

the air. Such air vacua when examined spectroscopically show the

lines of hydrogen, helium, and neon. We may now employ this proc-

ess to produce high vacua, and test their exhaustion by the character

of the electric discharge. Vacuum tul)es which have been prepared in

this way show extraordinary resistance to the passage of the electric

discharge; they also show the marked phosphorescence of the glass

characteristic of Crookes tubes (Figs. F and G, PI. II). It is, how-

ever, the rapidity with which such high exhaustions can be attained

that is so interesting. You will observe that this large Geissler tube,

previously exhausted to some 3 inches pressure, will, when the end

part is immersed in liquid hydrogen, pass through all the Avell-known

changes in the phases of striation—the glow on the poles, the phosphor-

escence of the glass—in the space of a fraction of a minute. From
this it follows that theoretically we need not exhaust the air out of our

double-walled vessel when liquid hydrogen has to be stored or collected.

This makes a striking contrast to the behavoir of liquid air under

similar circumstances. The rapid exhaustion caused by the solidifica-

tion of the air on the surface of a double-walled unexhausted test

tube, when liquid hydrogen is placed in it, may be shown in another

way. Leave a little mercury in the vessel containing air, just as if it

had been left from making a mercurial vacuum. Now, we know mer-

cury, in such a vacuum, can easily be made to distill at the ordinary

temperature when we cool a part of the vessel with liciuid air, so that

we should expect the mercury in the unexhausted test tube to distill on

to the surface cooled with the liquid hydrogen. This actually takes

place. A rough comparison of the relative temperatures of boiling

hydrogen and oxygen may be made by placing two nearly identical

hydrogen-gas thermometers operating at constant pressure side by side

and cooling each with one of the liquids (PI. III). It will be seen that

the contraction in the thermometer cooled with lic^uid hydrogen ele-

vates the li(piid some six times higher than that of the corresponding

liciuid column of the thermometer placed in the licjuid oxygen. A
constant-volume hydrogen thermometer constructed as shown in PL IV
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gave the boilino- pojnt of 21 absolute or —252= C, and a similar
helium thermometer g-ave the same result. The critical temperature
is about 32^ absolute or —24:1 C, and the critical pressure about 15
atmospheres. If a closed vessel is full of hydrogen gas at atmospheric
pressure, then, unlike the air vessels, it shows no condensation Vvhen a
part of it is cooled in liquid hydrogen. To produce liquefaction we
must increase the pressure of the gas or reduce the boiling point of the
licjuid hydrogen by exhaustion. Pure hydrogen liquefied in a closed

vessel is perfectly clear, showing no trace of color or any appearance
of absorption bands in the position of the spectrum lines. Electric

sparks passing in the liquid when examined with the spectroscope

show the ordinary line spectrum without any reversals. The vapor
of boiling hydrogen is alujut lifteen times denser than that of the

ordinary gas, thus bringing it up to the density of air. The liquid

hydrogen, at its boiling point, is about sixty times densei- than the

vapor coming otf. In the case of oxygen the density of the liquid is

255 times that of the vapor at its ])oiling point.

If a piece of cotton wool in the form of a little ball is attached to a

thread, placed in 'liquid hydrogen, and then l)rought into the magnetic

held, it is found to be strongly magnetic. This is simply due to the

condensation of solid and liquid air in the pores of the wool. _ This

substance we know is magnetic on account of the oxygen it contains.

Pure licjuid hydrogen is not magnetic, but when the solid air snow is

in suspension in the lluid, then the magnetic character of the latter

becomes apparent when the vessel is placed in the magnetic held.

All the phosphorescent etl'ects produced at low temperatures formerly

described are intensified at the much lower temperature of boiling

hydrogen. To stimulate phosphorescence at the temperature of liquid

air, ultraviolet light had to be employed, and then the solid bod3%

organic or inorganic, allowed to rise in temperature. It was during

the rise of temperature that the marked luminous emission took place.

Amongst inorganic bodies the platino-cyanide of ammonia is very

remarkable in this respect, and generally the group in organic chem-

istry known as the ketonic bodies. In the case of bodies cooled in

liquid hydrogen, it appears that some show phosphorescence by simple

stimulation with the light coming from an ordinary carbon filament

electric lamp. The light in this case coming through glass contains

only, we may say. the visible spectra, so that the ultraviolet rays are

not now essential. It is strange to find photographic action still rela-

tively considerable. At the boiling point of liquid air the photo-

graphic intensity is reduced by 80 per cent of the value at the ordinaiy

temperature. The photographic effect on a sensitive film immersed in

liquid hydrogen as compared with the same placed in liquid air is as

1 to 2, so that 10 per cent of the action at ordinary temperatures still

remains. As every kind of chemical action so far examined is non-

existent at this extreme temperature, these experiments suggest that

S3I 1900 19
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the cause of the photooi-aphic action may be essentially physical. No
better illustration could l)c given of the rapid diminution of chemical

action at low temperatures than to remind you that fluorine gas, the

most active elementary body, under such conditions may be liquetied

and kept in glass vessels.

The effect of a temperature of 21"^ absolute on the electric resistance

of the pure metals is a problem of great interest. In passing from the

melting point of ice to the boiling point of h>'drogen, pure platinum

loses resistance till only one-fortieth remains, and in the case of elec-

trolytic copper the remaining resistance is only one lifty-seventh of

what it was at starting. Such results suggest the approach to the con-

dition of what may be called relatively perfect electric conductivity

as.the zero of absolute temperature is approached.

Liquid hydrogen is a nonconductor of electricity, and as regards

being an insulator for currents of high potential it is comparable to

that of liquid air. The properties of the liquid we have witnessed in

no way suggest the metallic character that chemists like Faraday,

Dumas, and Graham anticipated; and foi- the future hydrogen nmst be

classed with the nonmetallic elements.

The liquefaction of hydrogen has been the consequence of some ten

years' devotion to low-temperature research. To many it may seem

that the results have been indeed costly in more ways than one. The
scientific worker who prepares the way for future development in this

sort of inquiry generally selects complicated methods, and is attracted

or diverted into man}- bypaths of investigation. He may leave to his

successors any credit that may be attached to cheapness and ease of

production of the agent of research—results that must invariably fol-

low. Liquid hydrogen is an agent of research which will enable us

to examine into the properties of matter at the lowest-maintained tem-

perature ever reached by man. Much work has still to be accomplished.

One of the most fascinating prf)])lems of the study of low temperatures

has been materially advanced. The interval separating us from the

zero of absolute temperature has been reduced to practically one-fourth

the value that it stood at when liquid air was the cooling agent. We
can produce in pure Helium instantaneous temperatures, bringing us

still nearer the goal. Now we can maintain a temperature within less

than 16"^ of this zero, and the investigator who will make the further

attempt to reduce this distance by an equivalent amount, thereby reach-

ing a steady temperature of 4:-' or 5'-' absolute, will indeed face a prob-

lem of almost insuperable difficulty. Well, let us take comfort in an

aphorism of Davy's: '""Fortunately for the active and progressive

nature of the human mind, even experimental research is only a method

of approximation to truth."

The success of the demonstration has l)een largely due to the uni'e-

mitting exertions of my chief assistant, Mr. Robert Lennox, and to the

valuable aid given by Mr. J. W. Heath.
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A CENTURY OF aEOLOGY/

By Prof. Josp:ph lk Conte/

Geology is one of the youngest of the sciences. It may almost be

said to have been born of the present century. It is true that knowl-

edge concerning the structure of the earth had been accumulating ever

since the time of the Greeks and Romans; it is true that these materials

became more abundant and were better organized in the eighteenth

century; but this knowledge had not yet taken form as a distinct

branch of science until about the end of that century. There are two

distinctive marks of scientific as compared with popular knowledge:

First, that its fundamental idea is clearly conceived; and, second, that

its method is distinctly inductive.

1. Fandanientalidea.—The fundamental idea underlying geological

thought is the history of the earth. Now, until the beginning of the

present centur}^ the earth was not supposed to have any history. It

was supposed to have been made at once, out of hand, about six thou-

sand 3'ears ago, and to have remained substantially unchanged ever

since as the necessary theater of human history. Changes were known

to have taken place, and in less degree to be still taking place, but these

were not supposed to follow any law such as is necessary to constitute

a history, and thus to constitute a science distinct from geography.

Bufi'on, about the middle of the last century, did indeed bring out

dimly the idea of an abyss of time, preceding the advent of man, in

which the earth was inhabited by animals and plants wholly different

from those of the present day, but he was compelled by the priests of

the Sorbonne to retract these supposed irreligious views. So tardily

was the fundamental idea of geology clearly conceived that Comte, the

great originator of scientific philosophy, in his classification of the

sciences in 1820, denied a place to geology because, according to him,

it was not a distinct science at all, but only a field for the application of

all the sciences. It is evident that he did not perceive the fundamental

1 Reprinted, by permission, from Appleton's Popular Science Monthly, ^'()I. T.YI,

February and March, 1900.
'' In this article I have attempted to j^i ve only the development of geological tlioujjht.

2(i5
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idea imderl^nng- oeologv and distinouishino- it from geography, viz, a

life history of the earth through all time. The elaim of geology to

a place in a scheme of classification is exactl_y the same as that of

astronomy. As astronomy is a held for the application of mathe-

matics, mechanics, physics, and, recently, chemistry, but is distin-

guished from them all by its characteristic fundamental idea of illimit-

al)le space, so geology is a field for the application of all other lower

sciences, but is distinguished from them all b}" her characteristic,

fundamental idea of illimitable time. As all other sciences are terres-

trial, but astronomy alone celestial, so all other sciences ])elong to the

present—the "'now""—but geology alone belongs to the illimitable

past. The fundamental idea of the one is infinite space, of the other

infinite, in sense of inconceivable, time. All other sciences, including

astronomy, are but a flash-light view of Nature. Geology alone is a

view of Nature in continuous movement—a life history—an evolution

of Nature. This mode of thought began to dawn only in the closing

years of the last and the opening years of the present century. It

seems to have been first clearly conceived by the mind of Hutton in

the last part of the eighteenth century.

2. Inductive method applied.—When the true idea underlying geol-

ogy was clearly conceived, and geolog}" thus distinctl}' separated from

other departments of science, geolog}' may ])e said to have been born.

But it was still in helpless infanc}", its growth irregular, and even its

continuous life uncertain, because a solid basis of inductive method

was not yet laid. That basis was laid mainly h}- Hutton in 1795^

and still more clearly h\ Charles Lyell in 1830, in the principle that

the stud}' of causes now in operation is the onh^ true foundation of

geology.

Geological changes, of course, belong to the irrevocable past, and are

therefore hopelessly removed from direct observation. Their causes

and process must be reconstructed by the skillful use of the scientific

imagination. Until Lyell, more or less probable hypotheses seemed

all that was possible. What a field was here for the conflict of oppo-

site extreme views! But Lj^ell showed that " causes now in operation "

are producing similar efl'ects under our eyes, if we will onl}' observe.

From that moment geologj^ became a tvxAj inductive science and its

indefinite progress assured.

These two events, then, viz, the conception of geology as a distinct

science and the introduction of a true scientific method, are the great-

est epochs in the history of geological science. Some dim adumbra-

tions of these appear before this century, especially the former in the

mind of Bufl'on, and the latter somewhat full}- in the mind of Hutton,

but they were not generally accepted and had not become working

principles until the beginning and even some time after the beginning

1 Hutton's Theory of the Earth.
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of the nineteenth century. These must l)c borne in mind in all we
have further to suy of the progress of geology through the century.
AYhen the cejitury opened, the war between the Neptunists and the

Plutonists, between the Wernerites and the Huttonites, was still going
on, but was approaching the usual result in such cases of dispute, yiz,

the recognition of the fact that there was truth on both sides, and they
must be combined into a more comprehensive view. The chief differ-

ence of opinion still remaining was as to the relative importance of the

two agencies, aqueous and igneous. Two great advances took place

about the beginning of this century. William Smith, by patient, pains-

taking field observation and mapping, laid the foundation of stratig-

raphy; and Cuvier, by his profound and brilliant studies of the

wonderful discoveries of extinct manmials in the Eocene basin of Paris,

laid the foundations of paleontology. These researches placed in

clearer light than ever before the existence of other time-worlds before

the present one. William Smith published his tabular view of the

British Strata in 1790, but his map was not completed and published

until 1815. Cuvier's great work on the Organic Remains of the Paris

Basin was pul>lished in 1808.

Thus, early in the century the two bases of our science were laid b^^

Smith and Cuvier. We now proceed to touch lightly onl}' the main

steps of subsequent growth through the century.

As, in the previous century and the early part of this, the discussion

was between the opposite schools of Neptunists and Plutonists, Avith

the final result of reconciliation in a more scientitic view which com-

bined these two surface views into a stereoscopic reality, so now the

discussions began between catastrophism and uniformitarianism, and

ended with a similar tinal result. Geologists, in the earh^ part of the

century, before the study of causes and processes now in operation

was generally acknowledged as the only ]-ational basis of a true scien-

tific geology, seeing the frequent imconformities in the geological

series and the apparently sudden changes of life forms associated Avith

these unconformities, were naturally led to the conclusion that the

whole history of the earth consisted of a series of sudden and violent

catastrophes l^y which the bed of the ocean was suddenly raised and

its waters precipitated on the land as a great wave of translation, car-

rying universal ruin and extermination of all life in its course. Such

catastrophes were supposed to be followed by periods of quiet, during

which the new earth was repeopled, by direct act of creation, with new

forms of life adapted to the new conditions.

This view was in perfect accord with the then accepted doctrine of

the supernatural origin and the permanence of species. Species were

supposed to have been created at once, out of hand, without natural

process, in some place (center of specific origin), spread in all direc-

tions as far as physical conditions would allow, but reuiained unchanged
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and unchangeable as long* as they continued to live or until another

universal exterminating catastrophe. Species are "medals of crea-

tion.'' They are successive individuals struck from the same die,

until the die is worn out or broken. Then a new die is made, and the

process of coinage of identical individuals is renewed.

Thus the whole history of the earth was supposed to consist of a

succession of alternate supernatural and natural events. The catastro-

phes were supernatural; the times of quiet were natural. The crea-

tion of new dies or creation of lirst individuals was supernatural; the

coinage of individuals of successive generations was natural. But on

the whole the successive conditions of physical geography" and the suc-

cessive faunas and floras were higher and more complex according to

a preordained plan. The great apostles of catastrophism were Cuviei"

in France and Buckland in England. According to Buckland, the last

of these great catastrophes was the Quaternary or drift period, and

this p(»riod was, by him and by many others since, associated with the

Noachian Deluge.

Lyell opposed this view with all his power. According to him we
can not judge of geological causes and processes except by study of

causes and processes now in operation and producing ett'ects under our

eyes. The slow operation of similar causes and processes is suflicient

—

given time enough—to account for all the phenomena in geological

history. Thus arose the extreme opposite doctrine of uniformitarian-

ism. Things have gone on from the beginning and throughout all

time much as they are going on now. This view, of course, required

illimitable time, and was of great service in enforcing this idea.

But, in revulsion from the previous idea of catastrophism, it undoubt-

edly Avas pushed miu-h too far.

Meanwhile the theory of evolution was incubating in the mind of

Darwin. Even Lyell, while he established the doctrine of slow uni-

form changes so far as inorganic nature was concerned, was still com-

pelled to admit supernatural catastrophic changes in organic nature.

Species, even for Lyell, were still innuutable—still there were super-

natural creation of first individuals, and continuance of similar individ-

uals by natural process of generation. On the publication of Darwin's

Origin of Species b}" Descent Avith Moditication, Lyell at once embraced

the new ahcav as a completion of his principle of causes now in opera-

tion and his doctrine of uniformitarianism. In a certain superticial

sense eA^olution is certainly contirmator}^ of the doctrine of uniformity

of causes and processes in the past and the present, but in a deeper

sense it is quite contrary in its spirit. Uniformitarians of the Lyell

school look upon geology as a chronicle of events—e\'olutionists as a

life history of the earth. The one regards the sIoav changes as irreg-

ular, uncertain, without progress or purpose or goal: the other as an

evolution to higher and higher conditions, as a gradual movement
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onward toward the present condition and toward man as its goal. The
recognition of this is only now approaching- clearness. If geology is

the history of the evolution of the earth from primal chaos until now,
then the conditions haA^e changed at every step, and absolute uniform-
ity is impossible. Elxtreme uniformitarianism is therefore untenable.

Catastrophism and uniformitarianism are opposite extremes which
must l)e com))ined and reconciled. This reconciliation is only now
being completed, and we therefore put oil' its discussion for the pres-

ent. Suffice it to say now that geologic thought in this regard has

passed through three stages—catastrophism, uniformitarianism, and
evolutionism. And this latter is the iinal stage, because (1) it is a

complete reconciliation between the other two, and (2) because it is

plastic and indefinitely modifiable and progressive, wliile the other

two are equally rigid and unchangeable b}- their mutual antagonism.

With these fundamental principles in mind, we proceed to touch

briefly the most im]X)rtant advances during the century.

EVOLUTION OF P^.ARTH FORMS.

The idea of tlie progressive development of the earth in its greater

features throughout all geologic time by the action of forces resident

in the earth itself preceded the acceptance of the evolution of organic

forms. We have said that the fundamental idea of geology is that of

the evolution of the earth through all time. Now, it was Dana who
first studied geolog}^ wholly from this point of view. For him geology

was the development of the earth as a unit. Before him. doubtless,

geology was a kind of history— i. e. . a chronicle of thrilling events^

—

but Dana first made it a philosophic history. Before Dana, geology

W'as an account of the succession of formations and their fossil con-

tents. Dana made it an account of the evolution of earth forms and

the concomitant and resulting evolution of organic forms. It is true

that first and for a long time his evolutional conception was incom-

plete. It is true that while he attributed the evolution of earth forms

to natural causes and processes, he still shrank from applying similar

causes to the changes in life forms, but this was the almost necessary

result of the then universal l)elief in the supernatural origin and the

unchangeableness of organic forms. He lived to make his conception

of evolution as a natural process, ])oth of the earth and of organic

forms, complete.

Ocean hasiwi and conthentH.—If we divide geological causes and

processes into two general kinds as to their origin—viz, internal or

earth-derived, and external or sun-derived—evidently the former is

the original and fundamental kind. These determine earth forms,

while the other only modify them; these determine the great features,

the other only the lesser features: the former rough-hews the earth

features, the latter shapes them. It is the effects of these interior
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earth forces which are the most important to study. And among
these etfects the most fundamentaliy important of all is the formation

of those greatest features—the ocean basins and continental arches.

The most probable view is that they are formed by unequal radial

contraction in the secidar cooling of the earth. The earth was cer-

tainly at one time an incandescent!}' hot mass, which gradually cooled

and contracted to its present temperature and size. Now, if it were

perfectly homogeneous l)oth in density and in conductivity in all parts,

then, cooling and contracting equally in ever}^ part, it would retain its

symmetric oblate-spheroid form, though diminishing in size. But if

there were any, the least, heterogeneity either in density or especially

in conductivity over large areas, then the more conductive areas, con-

tracting more rapidly toward the center radially, would form hollows

or basins, and the less conductive areas would stand out as higher

arches. Thus were formed the oceanic l)asin and the continental

arches of the lithosphere. The same causes which ])roduced would

continue to increase them, and thus the ocean basins woidd increase in

depth and the continents in height.

The hydrosphere is still to be added. In the l)eginning of this

process douljtless the lithosphere was hot enough to maintain all the

water in the form of vapor in the atmosphere. But when the surface

was cool enough the water would precipitate and partl}^ or wholly

cover the earth—whether partly or wholly would depend on the

amoiuit of precipitated water and the amount of inequalit}^ which had

already taken place. The amount of water, as we know, is sufficient,

if the inequalities were removed, to cover the whole surface 2^ miles

deep. Inasmuch as the forming of the inequalities is progressive, and

still going on, it seems improbable that the ine(|ualities had become

sufficiently great, at the time of precipitation, to hold the waters. If

this be so, then the primeval ocean was universal and the future con-

tinents existed only as continental lianks in the universal ocean.

However this may have been, there seems little doul)t that the same

cause Avhich produced the inequalities continued to operate to increase

them. The ocean basins, so far as these causes are concerned, must

have become deeper and deeper, and the continents larger and larger.

In spite of man}' oscillations producing changes mostly on the mar-

gins, but sometimes extending oxer wide areas in the interior of the

continent, this, on the whole, seems to be in accordance with the

known geological history of the earth. If so, then the oceanic basins

have always been oceanic basins, and the places of the continents have

always been substantially the same. This introduces a subject on

which there has been much discussion recently, viz:

The j)€rnianeii<;ii of ocean haslmi.—Closely associated with the Lyel-

lian uniformitarianism was the doctrine of extreme instability of earth

features, especially the forms and places of sea and land. Crust move-

ments were irregularly oscillating to such a degree that in the course
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of geologic histoiy sea and land frequently and comploteh' changed
places. Abundant evidence of this was supposed to be found in the
unconformities so frequent in the stratified series. The tendency of
that time was toward a belief in up-and-down mov^ements, back-and-
forth changes, without discoverable law rather than progressive
onward movement. On first thought it might seem that such lawless

movement was rather in keeping with catastrophism than uniformita-

rianism. But not so, for the movements are supposed to be verv slow.

Again, it might seem on first thought that gradual progressive change

—

in a word, evolution—would l)e peculiarly in accord with uniformita-

rian ideas. But again not so, because this doctrine was, above all, a

revulsion from the idea of supernatural purpose or design or goal con-

tained in catastrophism. Uniformitarianism strongly inclined toward
purposelessness, because of , its supposed identity with naturalism.

Thus for a long time, and still with man}" geologists, the tendency is

toward a belief in irregular movements without discoverable law

—

toward instability of even the greatest features of the earth, viz, sea

basins and continental arches. Geology for them is a chronicle, not a

life histor3\

The contrary movement of thought ma}" be said to have commenced
with Dana. Dana studied the earth as a unit, as in some sense an

organism developing by forces within itself. The history of the earth

is a life history moving progressively toward its completion. The

forces originating oceanic basins and continental arches still continue

to deepen the former and enlarge the latter. From this point of

view oceanic basins and continental arches must have always been

substantially in the same places. Oscillations there have been at all

times and at all places, but they affect mainly the outlines of these

great features, though sometimes atiecting also the interior of conti-

nents and mid-sea bottoms, but not sufficiently to change greatly their

general form, much less to interchange their places.

Such is the doctrine of permanency of oceanic basins. It is undoubt

edly a true doctrine, but must not be held in the rigid form character-

istic of early thought. The forces originating oceanic basins still con-

tinue to deepen them and to increase the size and height of contuients,

but other forces are at work, some antagonizing (i. e., cutting down

the continents and filling up the ocean beds), and still others determined

by causes we little understand, by oscillations over wide areas, greatly

modifying and often obscuring the efiects of the basin-making move-

ments. Here, then, we have two kinds of crust movements: The one

fundamental and original, determining the greatest features of the

earth and moving steadily onward in the same direction, ever increas-

ing the features which it originates; the other apparently lawless, uncer-

tain, oscillating over very wide areas, modifying and often obscuring

the effects of the former. The old uniformitarians saw only the efiects

SM lyuu 2u
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of the hitter, because these are most conspicuous. The new evolution-

ists add also the former and show its more fundamental character, and

thus introduce law and order into the previous chaos. The former is

the one movement which runs ever in the same direction through all

geologic time. The latter are the most common and conspicuous now
and in all previous geologic time. The former underlies and condi-

tions and unities the history; the latter has practically determined

all the details of the drama enacted here on the surface of the earth.

Of the causes of the former we know something, though yet imper-

fectly. Of the causes of the latter we yet know absolutely nothing.

We have not even begun to speculate profitably on the sul)jiM't, and

hence the apparent lawlessness of the phenomena. A fruitful theory

of these must be left to the coming century.

3£ou)ita!n range^^.—If oceanic basins and continental domes constitute

the greatest features of the earth's face, and are determined l)y the

most fundamental movements of the crust, surely next in importance

come great mountain ranges. These are the glory of our earth, the

culminating points of scenic beauty and grandeur. But they are so

only because they are also the culminating points, the theaters of

greatest activity, of all geological forces, both igneous and aqueous

—

igneous in their formation and aqueous both in the preparatory sedi-

mentation and in the tinal erosive sculpturing into forms of beauty.

A theory of mountain I'anges, therefore, lies at the bases of all theo-

retical geology. To the pre-geologic mind mountains are the type

of permanence and stability. We still speak metaphorically of the

everlasting hills. But the first lesson taught l)y geology is that noth-

ing is permanent; ever3'thing is subject to continuous change by a

process of evolution. Mountains are no exception. We know them
in embr^-o in the womb of the ocean. We know the date of their liirth;

we trace their growth, their maturity, their deca3^ their death; we
even find in the folded structure of the rock, as it were, the fossil bones

of extinct mountains. In a word, we are able now to trace the whole

life history of mountains.

Mountains, therefore, have always been a subject of deepest interest

both to the popular and the scientific mind—an interest intensified by

the splendors of mountain scenery' and the perils of mountain explora-

tion. The study of mountains is therefore coeval with the study of

geolog}". As early as the beginning of the present century Constant

Prevost observed that most characteristic structure of mountains

—

viz, their folded strata—and inferred their formation })y lateral pres-

sure. All subsequent writers have assumed lateral pressure as some-

how concerned in the formation of mountains. But that the whole

height of moimtains is due wholly to this cause was not generally

admitted or even imagined until recently. It was universally sup-

posed that mountains were lifted by volcanic forces from beneath, that
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the lifted strata broke along the top of the arch, and melted matter
was forced through between the parted strata, i)ushino- them hack and
folding them on each side. And hence the typical form of mountain
ranges is that of a granite axis along the crest and folded strata on
each Hank. But attention has lateh' been drawn to the fact that some
mountains, as, for example, the Appalachian, the Uintah, etc., consist

of folded strata alone, without any granite axis. In such ranges it is

plain that the whole height is due not to any force acting from below,

but to a lateral pressure crushing and folding the strata, and a corre-

sponding thickening and bulging of the same along the line of crush-

ing. Then the idea was applied to all mountain ranges. So soon as

the prodigious amount of erosion suffered by mountains, greater often

than all that is left of them, was fully appreciated, it became evident

that the granite axis so characteristic of mountains was not necessarily

pushed up from beneath and protruded through the parted strata, but

was in man}' cases only a submountain core of igneous matter slowh^

cooled into granite and exposed by subsequent erosion greatest along

the crest.

Next, attention was drawn to the enormous thickness of the strata

involved in the folded structure of mountains. From this it became

evident that the places of mountains before they were formed were

marginal sea bottoms off' the coasts of continents, and receiving the

whole washings of the continents. Thus the steps of the process of

mountain formation were (1) accumulation of sediments on offshore

sea bottoms until by pari passu subsidence an enormous thickness was

attained. This is the preparation. (2) A yielding along these lines

to the increasing lateral pressure with folding and bulging of the strata

along the line of yielding, until the mountain emerges above the ocean

and is added to the land as a coast range. This is mountain birth.

(3) As soon as it appears above the water it is attacked })y erosi\'e

agents. At first the rising by continuance of the crushing and ])ulging

is in excess of the erosion, and the mountain grows. This is mountain

youth. (4) Then supply and waste balance one another, and we have

mountain maturity. (5) Then the erosive waste exceeds the growth

by upbulging, and mountain decay begins. (6) Finally, the erosive

forces triumph and the mountain is clean swept away, leaving only

the complexly folded rocks of enormous thickness to mark the phice

of a former njountain. This is mountain death. Such, briefly, is the

life history of a mountain range.

In all this we have said nothing about causes. In this connection

there are two points of especial importance: (1) Why does the yield-

ing to lateral pressure take place along lines of thick sediments^

(2) What is the cause of the lateral pressure ?
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1. Cmi><(i ofyielding to lateralpressure along lilies oftJi ick sediments.—
The earth was once very hot. It is still very hot within, and still very

slowl)^ cooling. If sediments accumulate upon a sea bottom the inte-

rior heat will tend to rise so as to keep at the same distance from the

surface. If the sediments are ver}^ thick, say 5 to 10 miles, their

lower parts will be invaded b}' a temperature of not less than 500^ to

1,000*^ F. This temperature, in the presence of water (the included

water of the sediments), would be sufficient to produce softening or

even fusion of the sediments and of the sea floor on which they rest.

This would establish a line of weakness, and therefore a line of yield-

ing, crushing, folding, bulging, and thus a mountain range. In the

first formation of a range, therefore, there would necessarily be a sub-

mountain mass of fused or semifused matter which by the lateral

crushing might be squeezed into cracks or fissures, forming dikes. But

in any case the submountain mass would cool into a granite core which

by erosion may be exposed along the crest. The explanation seems to

be satisfactory.

2. Cause of laterxd jjressure.—No question in geology has been more

discussed than this, and yet none is more difficult and the solution of

which is more uncertain. But the most obvious and as yet the most

probable view is that it is the result of the secular contraction of the

earth w^hich has gone on throughout the whole history, and is still

going on.

It is admitted by all that in an earth cooling from primal incandes-

cence there must come a time when the surface, having become sub-

stantially cool and receiving heat also from the sun, would no longer

cool or contract, but the interior, being still incandescently hot, would

continue to cool and contract. The interior, therefore, cooling and

contracting faster than the exterior crust, the latter following down
the ever-shrinking nucleus, would be thrust upon itself by a lateral

or tangential pressure which would be simply irresistible. If the

earth crust were a hundred times more rigid than it is, it still must

yield to the enormous pressure. It does yield along its weakest lines

with crushing, folding, bulging, and the formation of mountain ranges.

This is the barest outline of the so-called "" contractional theory of

mountain formation." Very many objections have been brought

against it, some of them answerable and completely answered, but the

complete answer to others nmst be left to the next century. Perhaps

the greatest objection of all is the apparent insufficiency of the cause to

produce the enormous amount of folding found not only in existing

mountains but in the folded structure of rocks where mountains no

longer exist. But it will he observed that 1 have thus far spoken only

of contraction b}' loss of heat. Now, not only has this cause been

greatly underestimated b}- objectors, but, as shown ])v Davison and
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especially by Van Hise, there are many other and even greater c-auses

of contraction. It would be out of place to follow the discussion here.

The subject is very complex, and not yet completely settled.

We have g-iven the barest outline of the history of mountain ranges
and of the theory of their formation as worked out in the last third of
the present century, and, I might add, chiefly by American geologists.

So true is this that by some it has been called the '"American theorv."

(hciUatory movements of the eiirthh crust ove7' %mde areas.—We have
already spoken of these as modifying the effect of the ocean-basin-

making movements, and therefore now touch them very lightly.

These diflfer from the movements producing oceanic basins on the one
hand and mountain ranges on the other bv the fact that they are not

continuously progressive in one direction, but oscillatory—now up,

now down, in the same place. Again, they do not involve contraction

of the whole earth, but probably are always more or less local and
compensatory— i. e.. rising in one place is compensated by down sink-

ing in some other place. Nevertheless, thev often affect very wide

areas—sometimes, indeed, of more than continental extent—as, for

example, in the crust movements of the Quaternary period or ice age.

These are by far the most frequent and most conspicuous of all crust

movements—not only now, but also in all geological times. If ocean-

basin-forming movements are the underlying cause and condition of

the evolution of the earth, these wide oscillations, by increasing and

decreasing the size and height of continents and changing greatly their

contours, have determined all the details of the drama enacted on the

surface, and were the determining cause of the varying rates and

directions of the evolution of the organic kingdom. These were the

cause of the unconformities and the corresponding apparent wholesale

changes in species so common in the rockv strata, and which gave rise

to the doctrine of catastrophism of the early geologists. These also

have so greatly modiffed the contours of the continents and their size

by temporary increase or decrease that they have obscured thi^ general

law of the steady development of these, and therefore their substantial

permanency.

Although the most important of all crust movements in determin-

ing the whole history of the earth, and especially of the organic

kingdom, we shall dwell no further on them, because no progress has

yet been made in their explanation. This, too, nmst be left to the

workers of the twentieth century.

Tlie pr'mclple <>f isostasij.—T\\^ principle of static e(iuilit)riuin as

applied to earth forms was first brought forward (as so many other

valuable suggestions and anticipations in many departments of sci-

ence) by the wonderfully fertile mind of Sir John Herschel, and used

by him in the explanation of the sinking of river deltas luider the
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increasing weight of accumulating sediments/ It was afterwards

applied to continental masses by Archbishop Pratt ^ and by the roA^al

astronomer, Professor Air3^^ But for its wide application as a prin-

ciple in geology, its clear definition, and its embodiment in an appro-

priate name we are indebted to Major Dutton, United States Army.*

The principle may be briefly stated as follows: A globe so large as

the earth, under the influence of its own gravity, must behave like a

ver3^ stifily viscous body—that is, the general form of the earth and

its greatest inequalities must be in substantial static equilibrium. For

example, the general form of the earth is oblate spheroid, because that

is the only form of equilibrium of a rotating body. Rotation deter-

mines a distribution of gravity with latitude which brings about this

form. With any other form the earth would be in a state of strain

to which it must slowly yield and Anally relieve itself by becoming

oblate. If the rotation stopped, the earth would accommodate itself

to the new distribution of gravity and become spherical.

The same is true of the large inequalities of surface. Oceanic

basins and continental arches must be in static equilibrium or they

could not sustain themselves. In order to be in equilibrium the sub-

oceanic material must be as much more dense than the continental and

subcontinental material as the ocean bottoms are lower than the con-

tinental surfaces. Such static equilibrium, by difl'erence of densit}^,

is completeh" explained by the mode of formation of oceanic basins

already given.

So also plateaus and great mountain ranges are at least partly sus-

tained by gravitative equilibrium, but partly also b}' earth rigidit}'.

It is onl}' the smaller inequalities, such as ridges, peaks, valleys, etc.,

that are sustained by earth rigidity alone.

These conclusions are not reached b}^ physical reasonings alone, but

are also confirmed by experimental investigations. For example, a

plumb line on the plains of India is deflected indeed toward the Him-
alayas, as it ought to be, but much less than it would be if the moun-
tain and submountain mass were not less dense and the suboceanic

material more dense than the average.^ Again, gravitative determi-

nations by pendulum oscillations, undertaken by the United States

along a line from the Atlantic shore to Salt Lake City, show that the

largest inequalities, such as the Appalachian bulge, the Mississippi

basin hf)llow, and the Kock}^ Mountain bulge, are in gravitative equi-

librium—i. e., the mountain and submountain material is as much

1 Philosophical Magazine, Vol. II, p. 212, 1837; Quarterly Journal of Geological

Society, Vol. II, p. 548, 1837.

''Philosophical Magazine, Vol. IX, p. 231, and Vol. X, p. 240, 1855.

^ Philosophical Transactions, 1855, p. 101.

* Philosophical Society of Washington, 1892.
^ Pratt, Philosophical Magazine, Vol. IX, p. 231, 1855; Vol. X, p. 340, 1855; Vol.

XVI, p. 401, 1858.
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lighter as the mountain region is higher than the Mississippi husin

region.

Now, so sensitive is the earth to changes of gravit}^ that, given time

enough, it responds to increase or decrease of pressure over large

areas by corresponding subsidence or elevation. Hence, all places

where great accumulations of sediment are going on are sinking

under the increased weight, and, contrarily, all places where excessive

erosion is going on, as, for example, on high plateaus and great

mountain ranges, are rising by relief of pressure.

This principle of isostasy is undoubtedly a valuable one, which must

be borne in mind in all our reasonings on crust movements, although

its importance has been exaggerated by some enthusiastic supporters.

Its greatest importance is not as a cause initiating crust movements

or determining the features of the earth, but rather as conditioning

and modifying the results produced by other causes. The idea

belongs wholly to the latter half of the present century. Commenc-

ing about 1840, it has grown in clearness and importance to the

present time.

THE AGE OF THE EARTH.

Until almost the beginning of the present century the general belief

in all Christian countries was that not only the earth and man, but the

whole cosmos, began to exist about six thousand to seven thousand years

ago; furthermore, that all was made at once without natural process,

and have remained sulxstantially unchanged ever since. This is the

old doctrine of the supernatural origin and substantial permanency of

the earth and its features. Among intelligent and especially scientific

men this doctrine, even in the eighteenth century, began to be ques-

tioned, although not pu])licly; for in 1751 Buffon was compelled by

the Sorbonne to retract certain views concerning the age of the earth,

published in his Natural History in 1749.^ Remnants of the old belief

lingered even into the early part of the present century, and may even

yet be found hiding away in some of the remote corners of civilized

countries. But with the' birth of geology, and especially through the

work of Hutton in Scotland, Cuvier in France, and William Smith ui

England, the nuich greater—the inconceivably great—an tiiiuity of the

earth and the origin of its present forms, by gradual changes which

are still going on, was generally acknowledged. Indeed, as already

said, thisls the fundamental idea of geology, without which it could

not exist as a science.

Geologv has its own measures of time—in eras, periods, epochs,

ages, etc.-but it is natural and right that we should desire more accu-

rate estimates by familiar standards. How old, then, is the earth

especially the inhabited earth, in years? Geologistsjuive^itteinpted

1 Lyell's Priuciples of Geology, eighth edition, p. 41.
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to answer this question by estimates based on the rates of sedimenta-

tion and erosion, or else on the rate of changes of organic forms by

struggle for life and survival of the fittest. Physicists have attempted

to answer the same question by calculations based on known laws of

dissipation of energj^ in a cooling body, such as the sun or the earth.

The results of the two methods ditfer widely. The estimates of the

geologists are enormous, and growing ever greater as the conditions

of the problem are better understood. Nothing less than several

hundred million years will serve their purpose. The estimates of the

physicists are much more moderate, and apparently growing less with

each revision. The latest results of King and Kelvin give only twenty

to thirty millions.^ This the geologist declares is absurdly inadequate.

He can not work freely in so narrow a space—he has not elbow room.

The subject is still discussed very earnestly, but with little hope of

definite conclusion. One thing, however, must be remarked. Both

parties assume—the geologist tacitly, the physicist avowedly—the

nebular hypothesis of the origin of the solar system, and therefore

the early incandescent fluid condition of the earth as the basis of all

his reasonings. Now, while this is probably the most reasonable view,

it is not so certain that it can be made the basis of complex mathemat-

ical calculation. There is a possible alternative theory, viz, the

meteoric theory, which is coming more and more into favor. Accord-

ing to this view the planets may have been formed l>y aggregation of

meteoric swarms and the heat of the earth produced ))y the collision

of the meteors in the act of aggregation. According to the one view

(the nebular) the heat is all primal, and the earth has been only losing

heat all the time. According to the other, the aggregation and the

heating are both gradual, and may have continued even since the earth

was inhabited. According to the one, the spendthrift earth wasted

nearly all its energ}' before it became habitable or even a crust was

formed, and therefore the habitable period nuist be comparatively

short. According to the other, the cooling and the heating, the

expenditure and the income, were going on at the same time, and

therefore the process may have lasted much longer.

The subject is much too complex to be discussed here. Sufiice it

to say that on this latter view not only the age of the earth, but many
other fundamental problems of dynamical geology, would have to be

recalculated. The solution of these great questions must also be left

to the next century. In the meantime we simply draw attention to

two very recent papers on the subject, viz. that of Lord Kelvin,'^

and criticism of the same by Chamberlin.^

^Clarence King, American Journal of Science, pp. 45-51, 1893; Kelvin, Science,

Vol. IX, p. 665, 1899. [Smithsonian Report, 1898.]

-Science, Vol. IX, p. 665, 1899. [Smithsonian Report, 1898.]

^Ibid., p. 889, and Vols. X and XI, 1899. [Smithsonian Report, 1899.]
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ANTIQUITY AND ORIGIN OF MAN.

Even after the great antiquity of the earth and its origin and devel-

opment by a natural process were generally accepted, still man was
believed, even by the most competent geologists, to have appeared only
a few thousand years ago. The change from this old view took place
in the last half of the present century, viz, about 1S59, and, coming
almost simultaneously with the publication of Darwin's Origin of

Species, prepared the scientific mind for entertaining, at least, the

idea of man's origin by a natural process of evolution.

Evidences of the work of man—Hint implements, associated with the

bones of extinct animals and therefore showing much greater age than

usually accepted—had been reported from time to time, notably those

found in the river Somme by Boucher de Perthes. But the prejudice

against such antiquity was so strong that geologists with one accord,

and without examination, pooh-poohed all such evidence as incredible.

It was kSir Joseph Prestwich who, in 1859, first examined them care-

fully, and published the proofs that convinced the geological world

that earl}' man was indeed contemporaneous with the extinct animals

of the Quaternary period, and that the time must have been many
times greater than usually allowed. ^

Since that time confirmatory evidence has accumulated, and the

earliest appearance of man has been pushed back first to the late (irlacial,

then to the Middle Glacial, and finally, in Mr. Prestwich's Plateau Grav-

els, to the early Glacial or possibly preglacial times.

Still, however, in every case earliest man was unmistakably man.

No links connecting him with other anthropoids had been found. Very

recently, however, have been found, by Du Bois, in Java, the skull,

teeth, and thigh bone of what seems to ])e a veritable missing link,

named by the discoverer Pithecanthropus erectus. The only question

that seems to remain is whether it should be regarded as an ape more

manlike than an}^ known ape, or a man more apelike than any yet dis-

covered. The age of this creature was either latest Pliocene or earliest

Quaternary.

BREAKS IN THE GEOLOGICAL RECORD AND THEIR SIGNIFICANCE.

From the earliest times of geologic study there ha\e been o))served

unconformities of the strata and corresponding changes in the fossil

contents. Some of these unconformities are local and the changes of

organic forms inconsiderable, but sometimes they are of wider extent

and the changes of life system greater. In some cases the unconformity

is universal or nearly so, and in such cases we find a complete and

apparently sudden change in the fossil contents. It was these universal

1 Life and Letters of Sir Joseph Prestwich, pp. 124 et seq.
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breaks that gave ri.se to the l)elief in the oeeurrence of violent catas-

trophes and corresponding wholesale exterminations and re-creations

of faunas and lioras.

It is evident, however, on a little reliection, that every such uncon-

formity indicates a land period at the place observed, and therefore a

time unrecorded in strata and fossils at that place— i. e., a lost interval

—

certain leaves missing from the book of time. And if the unconformity

be widespread, the lost interval is correspondingly great. It is there-

fore probable that change of species went on slowl}^ and uniforml}^ ail

the time, although not recorded at that place. Intermediate strata

may be and often are found elsewhere, and the supposed lost interval

filled. The record was continuous and the changes uniform, but the

record is not all found in one place. The leaves of the book of time

are scattered here and there, and it is the dut}" of the geologist to gather

and arrange them in proper order, so that the record may read con-

tinuously.

This is the uniformitarian view, and is undou])tedly far truer than the

catastrophic. I^ut the objection to it is that in the case of very wide-

spread unconformities, such as occurred several times in the history of

the earth, the changes of organisms are so great that if the rate of

change was uniform the lost interval must have been equal to all

the rest of the history put together. Therefore we are compelled to

admit that in the history of the earth there have been periods of com-

parative quiet (not fixedness) during which evolutionary changes were

slow and regular, and periods of revolution during which the changes

were much more rapid, but not catastrophic. This is exactly what we
ought to expect on the idea of gradual evolution of earth forms b}''

secular cooling, for in the gradual contraction of the earth there must

come times of general readjustment of the crust to the shrinking

nucleus. These readjustments would cause great changes in physical

geography and climate, and corresponding rapid changes in organic

forms. In addition to this, the changes in physical geography and

climate would cause extensive migrations of species, and therefore

minglings of faunas and floras, severer struggles of competing forms,

and more rapid advance in the steps of evolution. Among these

changes of organic forms there would arise and have arisen new domi-

nant types, and these, in their turn, would compel new adjustment of

relations and still further hasten the steps of evolution. Such changes,

whether geographic, or climatic, or organic, would not be simultaneous

all over the earth, but propagated from place to place, until quiet was

reestablished and a new period of comparative stability and prosperity

commenced.

This view is a complete reconciliation of catastrophism and uniformi-

tarianism, and is far more rational than either extreme.
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t'riftail jx'i'lods 1)1 tJh- Ji/sfory of tite earth.—Such pcM'iods of rapid

change may '.veil )>e called critical periods or revolutions. Thev are

marked bv several characteristics: (1) By widespread oscillations of the

earth's crust, and therefore by almost universal unconformities. (2)

By widespread changes of physical geography, and therefore by great

changes in climate. (3) By great and widespread changes in oiganic

forms, produced partly by the physical changes and partly by the

extensive migrations. (4) By the evolution of new dominant types,

which are also the cause of extensive changes in species. (5) Among
the physical changes occurring at these times is the formation of great

mountain ranges. The names of these critical periods or revolutions

are often taken from the mountain range which form their most con-

spicuous features.

There have been at least four of these critical periods, or periods of

greatest change: (1) The pre-Cambrian or Laurentian revolution;

(2) the post-Paleozoic or Appalachian; (3) the post-Cretaceous or

Rocky ^Mountain; (4) the post-Tertiary- or Glacial revolution.

Now, as these critical periods separate the primary divisions of time

—

the eras—it follows that the present—the Age of Man—is an era. It

may be called the Psychozoic Era. These views have been mainl}^

advocated by the writer of this sketch, but I believe that, with per-

haps some modification in statement, they would be accepted by most

geologists as a permanent acquisition of science.
^

GEOLOGICAL CLIMATES.

Attention was first drawn to this subject by the apparently uni(iue

phenomena of the Glacial epoch.

For nearly a century past Alpine glaciers, their structure, their mys-

terious motion, and their characteristic erosive effects, have excited

the keenest interest of scientific men. But until about 1840 the interest

was purely physical. It was Louis Agassiz who first recognized ice

as a great geological agent. He had long been familiar with the char-

acteristic marks of glacial action, and with the fact that Alpine glaciers

were far more extensive formerly than now, and had, moreover, con-

ceived the idea of a Glacial epoch—an ice age in the history of the

earth. With this idea in his mind, in 1840 he visited England, and

found the marks of glaciers all over the higher regions of England and

Scotland. He l)oldly announced that the whol(> of northern Europe

was once covered with a universal ice sheet. A few years later he

came to the United States, and found the tracks of glaciers everywhere,

and again astonished the world by asserting that the whole northern

part of the North American continent was modeled liy a moving ice

iCritic'al Periods, etc., Auierican Journal of Scienee, Vol. XIV, p. 99, 1877; Bul-

letin of the Geological Department of the University of California, Vol. I, No. 11, 189o.
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sheet. This idea has been eonhnned l)y all subsequent investigation,

especially here in America.

But it would be strange, indeed, if the cold of the Glacial epoch

should be absolutely unique. Attention was soon called to similar

marks in rocks of other geological periods, especially in the Permian

of the Southern Hemisphere. This opened up the general question of

geological climates and their causes.

Perhaps no subject connected with the physics of the earth is more

obscure and difficult than this. The facts, as far as we know them, are

briefly as follows: (1) All the evidence we have point to a high, even

an ultra-tropical, climate in early geological times; (2) all the evidence

points to a uniform distribution of this early high temperature, so that

the zonal arrangement of temperatures, such as characterizes present

climates, did not then exist; (3) temperature zones were apparently

first introduced in the late Mesozoic (Cretaceous) or early Tertiary

times, and during the Tertiary the colder zones were successively

added, until at the end there was formed a polar ice-cap as now.

Thus far all might be explained by progressive cooling of the earth

and progressive clearing of the atmosphere of its excess COj and

aqueous vapor. But (4) from time to time (i. e., at critical periods)

there occurred great oscillations of temperature, the last and probabh'

the greatest of these being the Glacial period. The cause of these

great oscillations of temperature, and especially the cause of the gla-

cial climate, is one of the most interesting and yet one of the obscurest,

and therefore one of most hotly disputed, points in geology. Indeed,

the subject has entered into the region of almost profitless discussion.

We must wait for further light and for another century. Only one

remark seems called for here. It is in accordance with a true scien-

tific method that we should exhaust terrestrial causes before we resort

to cosmical. The most usual terrestrial cause invoked is the oscilla-

tion of the earth's crust. But recently Chamberlin, in a most sugges-

tive paper, ^ has invoked oscillations in the composition of the

atmosphere, especially in its proportion of CO,, as the immediate

cause, although this in turn is due to oscillations of the earth's crust.

THE NEW GEOLOGY.

Heretofore the geological history of the earth has been studied only

in the record of stratified rocks and their contained fossils. But in

every place there have been land periods in which, of course, erosion

took the place of sedimentation. This kind of record is very imper-

fect, because there are no fossils. Until recently no account was

taken of these erosion periods except as breaks of indefinite length in

the record—as lost intervals. But now, and mainly through the work

Journal of Geology, Vol. VI, p. 597, 1898, and Vol. Vll, p. 545, 1899.
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of American geoloo-ists. interpretation of those erosion periods has
fairly coninienced, and so important has this new departure in the
study of geology seemed to some that it has been hailed as a new era in

geology, connecting it more closely with geography. Heretofore for-

mer land periods were recognized by unconformities, and the amount
of time by the degree of change in the fossils, but now the amount of

time is estimated in existing land surfaces by topographic forms alone.

This idea was introduced into geology b}^ Maj. J. W. Powell, and
has been applied with success by William Morris Davis, W J McGee,
and others.

The principle is this: Land surface subject to erosion and standing

still is finally cut down to gently sweeping curves, with low, rounded
divides and broad, shallow troughs. Such a surface is called by Davis

a "peneplain." Such a peneplain is characteristic of old topographv.

If such a surface be again lifted to higher level, the rivers again dissect

it by ravines, which are deep and narrow in proportion to the amount
and rate of the uplift. If the land again remains stead}^ the sharp!

v

dissected surface is again slowly smoothed out to the gentle curves of a

peneplain. If, on the contrary, the surface be depressed, the rivers till

up the channels with sediment, which, on reelevation, is again dissected.

Thus the whole ontogeny of land surfaces have been studied out, so

that their age may be recognized at sight.

Thus, while heretofore the more recent movements of the crust were

supposed to be readable only on coast lines and by means of the old

sea strands, now Ave read with equal ease the movements of the interior

l)y means of the physiognonu" of the topography, and especiallv the

structure of the river channels. Moreover, while heretofore the his-

tory of the earth was supposed to be recorded only in stratified rock

and their contained fossils, now 'we tind that recent histor}' is recorded

and may be read also in the general topography of the land surfaces.

Geography is studied no longer as mere description of earth forms,

l)ut also as to the causes of these forms; no longer as to present forms,

but also as to the history of their becoming. Thus geography, by its

alliance with geology, has become a truly scientific study, and as such

is now introduced into the colleges and universities. It is this alliance

with geology which has caused the dry bones of geographic facts to

live. It is this Avhich has created a soul under the dry ''ribs of this

death.'' This mode of study of the history of the earth has just com-

menced. How nuich will come of it is yet to be shown in the next

centur^^

In this connection it is interesting to trace the effect of environment

on geological reasonings in different countries. Heretofore, especially

in England, what we have called peneplains were usually attributed to

marine denudation— i. e., to cutting back of a coast line by constant

action of the waves, leaviup- l)ehind a level submarine plateau, which
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is afterwards raised above sea level and dissected by rivers. American

geologists, on the contrary, are apt to regard such level surfaces as

the final result of aerial degradation or a base level of rain and river

erosion. The same ditference is seen in the interpretation of glacial

phenomena. Until recently English geologists were inclined to attrib-

ute more to iceberg; Americans more to land ice. Again, in England

coast scenery is apt to be attributed mainly to the ravages of the sea,

while in America we attribute more to land erosion combined with

subsidence of the coast line. In a word, in the tight little sea-girt

island of Great Britain, where the ravages of the sea are ^^early making

such serious inroads upon the area of the land, it is natural that the power

of the sea should strongly affect the imagination and impress itself

on geological theories, and tend, perhaps, to exaggeration of sea agen-

cies, while the broad features of the American continent and the evi-

dences of prodigious erosion in comparatively recent geological time

tend to the exaggeration of erosive agenc}^ of rain and rivers. These

two nuist 1)6 duly weighed and each given its right proportion in the

work of earth sculpture.

PALEONTOLOGY.

Paleontology at first attracted attention mainly by the new and

strange life forms which it revealed. It is the interest of a zoological

garden. This interest is of course perennial, but can hardly be called

scientific. Geology at first was a kind of wonder book.

Next fossils, especially marine shells, were studied as characteristic

forms denoting strata of a particular age. They were coins b}^ which

we identify certain periods of history. They were ''medals of crea-

tion." It was in this way chiefly that William Smith, the founder of

English stratigraphic geology, used them. It was in this way that

Lyell and all the older geologists, until the advent of evolution, were

chiefi}" interested in them.

It was Cuvier, the great zoologist and comparative anatomist, who,

in the beginning of the present century, first studied fossils, especially

mammalian fossils, from the zoological point of view, i. e., as to their

affinities with existing animals. Cuvier's studies of the vertebrates of

the Paris basin may be said to have laid the foundation of scientific

paleontology from this point of view.

Thenceforward two views of paleontology and two modes of study

gradually differentiated from one another—the one zoological, the other

geological. In the one case we study fossils in taxonomic groups

—

i. e., as species, genera, families, orders, etc.—and trace the gradual

evolution of each of these from generalized forms to their specialized

outcomes, completing, as far as possible, the genetic chain through all

time; in the other, we study fossils in faunal groups, as successive

geological faunas, and the geographic diversity in each geological
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period, i. c, the evolution of geologic faunas and the causes of
geographic diversity in each. In a word, we studj- the laws of distribu-

tion of faunas in time geologically and in space geographically, and
the causes of these laws in each case. The first is strictly a branch of
zoology and botany, and we leave it to these specialists. The second
alone l)elongs properly to geology. In this purely geologic paleon-
tology, as seen from its scope given above, there are many questions

of widest philosophical interest which are only now attracting the

attention they deserve. I only touch lightly two which have been
])rought forward in these very last years of the century.

I. General Jcnvs of faunal evolution.—The evolution of the organic

kingdom from this strictly geological point of view may be briefly

formulated as follows:

1. Throughout all geological time there has been a general movement
upward and onward, as it were abreast, everywhere. If this were all,

there would be only geological progress, but no geographical diversity.

Geological history would l)e the same everywhere. A time horizon

would be easily determined b}' identity of fossil species. This we
know is not true. Therefore there are other elements besides this.

2. In different countries, isolated from one another and under

difi:erent conditions, evolution takes different directions and dift'erent

rates, producing geographical diversitv in each geological period.

This diversity increases with time as long as the isolation continues.

If this were all, the geographical diversity by continued divergence

would have become so great that it would be impossible even approxi-

matel}' to determine any geological horizon. The histor}^ of each

country uuist be studied for itself. A general histor}' of the earth

would be impossible. But this also is not true. There is, therefore,

still another element.

3. From time to time, at long intervals, i. e. , critical periods, there are

widespread readjustments of the crust to internal strain, determining

changes of physical geography and of climate, and therefore wide

migrations of species, with mingling and conflict of faunas. This

would produce more rapid movement of evolution, but at the same

time more or less complete obliteration of geographical diversity.

4. After these periods of migrations and minglings there would be

reisolations in new localities, and the process of diversification would

recommence and increase as long as the isolation continues.

The last of these critical periods of migrations and minglings and

struggles for life among competing species was the Glacial epoch, or

ice age. Therefore the present geographical distribution of species

was largely determined by the extensive migrations of that time.

II. Cosmopolitan and provincial faunas.—Thexf' are apparently in

the history of the earth periods of widespread or cosmopolitan faunas,

alternating with localized or provincial faunas. The cosmopolitan
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periods are iisiuilly times of prevalence of limestones or organic sedi-

ments, and the fossils are very a))undant. The provincial periods are

usually characterized by sandstones and shales or mechanical sedi-

ments, and are comparatively poor in fossils. Moreover, it is believed

that the cosmopolitan limestone perjods are oceanic periods— i, e.,

periods of wide oceans and lower and smaller continents and little

erosive activity, while the sandstone periods, characterized b}" provin-

cial faunas, are periods of higher and larger continents, and therefore

of great erosion and abundant mechanical sedimentation.

Now. according to Chamberlin, these remarkalile alternations are due

to oscillations of the crust, in which the continents are alternately

lifted and depressed. It nuist be remem})ered that abyssal faunas are

almost unknown among fossils. This is the necessary result of sub-

stantial permanenc}" of oceanic basins. The whole geological record

is in shallow-water faunas. These shallow^ waters are along continental

shon^ lines andin interior continental seas. According to Chamberlin

again, during a period of continental depressit)n all the flat continental

margins ai'e submerged, forming broad submarine platforms, and the

lower interior portions of the continents are also sn})merge(l, forming

widt' and shallow interior seas. Under these conditions continental

waste, and therefore sand and clay sediments, are reduced to a mini-

mum. Life, animal and vegetal, abounds, and therefore nuich lime-

stone is formed. The oceans are wideh' connected with one another,

and therefore the faunas are widespread or cosmopolitan. During the

period of elevation, on the contrary, the continents are extended to

the margin of the deep oceanic l)asins, the broad, shallow, submarine

platforms are abolished, the interior seas are also abolished, the

shallow-water areas are reduced to isolated bays, and their faunas are

peculiar or provincial. Also, elevated and enlarged continents give

rise to maximum erosion, and therefore abundant sediments of sand-

stone and clay, and comparative poverty of life and therefore of lime-

stone. Chamberlin also gives reasons why the oceanic periods should

be warm, humid, equable in temperature, and the atmosphere highly

charged with CO^, and therefore highly favorable to abundant life,

both vegetal and animal, while land periods would ])e drier and cooler,

the atmosphere deficient in CO.^. and therefore cold from that cause

and in many ways unfavorable to abundant life.

These extremeh' ijiteresting views, however, must be regarded as

still on trial, as a provisional hypothesis to be sifted, continued, or

rejected, or in any case moditied, in the next century.

Lastly, it is interesting to note the ever-increasing part taken by

American geologists in the advance of this science. There has been

through the century a gradual movement of what might })e called the

center of gravity of geological research westward, until now, at its

end, the most productive activity is here in America. This is not due
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to any superiorit}' of American geologists, but to the superiority of

their opportunities. Dana has well said that America is the type con-

tinent of the world. All geological problems are expressed here with

a clearness and a simplicit}' not found elsewhere. We must add to

this the comparative recency of geological study in this rich field. In

Europe the simpler and broader problems are already worked out, and

all that remain are difficult problems recjuiring much time. In America,

on the contrary, not only are all problems expressed in simpler terms,

but many great and broad problems are still awaiting solution. For

these reasons the greatest activit}" in research, and the most rapid

advance during the next century, will probably be here in America.
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p:volutional geology/

By Prof. ^^^ J. SoLLAS, F. R. s.

EVOLUTIONAL (4EOLOGY.

The close of one century, the dawn of another, may naturally sug-

gest .some brief retrospective glance over the path along which our

science has advanced, and some general survey of its present position

from which we may gather hope of its future progress; but other con-

nection with geology the beginnings and endings of centuries have

none. The great periods of movement have hitherto begun, as it Avere,

in the early twilight hours, long before the dawn. Thus the first step

forward, since which there has been no retreat, was taken by Steno in

the year 1661>; more than a centmy elapsed before James Hutton

(1785) gave fresh energj^ and better direction to the faltering steps of

the young science; while it was less than a century later (1863) when

Lord Kelvin brought to its aid the powers of the higher mathematics

and instructed it in the teachings of modern physics. From Steno

onward the spirit of geology was catastrophic; from Hutton onward

it grew increasingly uniformitarian; from the time of Darwin and

Kelvin it has l)ecome evolutional. The amljiguity of the word "uni-

formitarian'' has led to a good deal of fruitless logomachy, against

which it may be as well at once to guard l)y indicating the sense in

which it is used here. In one way we are all uniformitarians, i. e.

,

we accept the doctrine of the ''uniform action of natural causes," but,

as applied to geology, uniformity means more than this. Defined in

the briefest fashion it is the geology of Lyell. Hutton had given us a

''Theory of the Earth," in its main outlines still faithful and true, and

this Lyell spent his life in illustrating and advocating, but as so com-

monly happens the zeal of the disciple outran the wisdom of the master,

and mere opinions were insisted on as necessarj^ dogma. What did it

matter if Hutton, as a result of his inquiries into terrestrial history, had

'Opening address by Prof. W. J. Sollas, D. Sc, LL. D., F. R. S., president of tlie

Section f)f Geology of the British Association for the Advancement of Science, 1900.

Reprinted from Nature No. 1611, vol. 62, September 13, 1900.
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declared that he found no vestige of a beginning, no prospect of an end iJ

It would have been marvelous if he had! Consider that when Hutton's

"Theory"' was published William Smith's famous discovery had not

been made, and that nothing was then known of the orderly- succes-

sion of forms of life, which it is one of the triumphs of geology to

have revealed; consider, too, the existing state of physics at the time,

and that the modern theories of energy had still to be fornudated;

consider also that spectroscopv had not yet lent its aid to astronomy

and the consequent ignorance of the nature of nebula?; and then, if

3'ou will, cast a stone at Hutton. AVith L^'ell, however, the case was

different; in pressing his uniformitarian creed upon geology he

omitted to take into account the great advances made by its sister sci-

ences, although he had knowledge of them, and thus sinned against

the light. In the last edition of the famous "Principles" we read:

"It is a favorite dogma of some physicists that not only the earth, but

the sun itself, is continually losing a portion of its heat, and that as

there is no known source by which it can be restored we can foresee

the time when all life will cease to exist on this planet, and on the other

hand we can look back to a period when the heat was so intense as to

be incompatible with the existence of any organic beings such as are

known to us in the living or fossil world. * * * A geologist in

search of some renovating power by which the amount of heat may be

made to continue unimpaired for millions of years, past and future, in

the solid parts of the earth * * * has been compared b}- an emi-

nent physicist to one who dreams he can discover a source of perpetual

motion and invent a clock with a self-winding apparatus. But wh}"

should we despair of detecting proofs of such regenerating and self-

sustaining power in the works of a Divine Artificer?'- Here we catch

the true spirit of uniformity; it admittedly regards the universe as a

self-winding clock, and l)arely conceals a conviction that the clock was

warranted to keep true Greenwich time. The law of the dissipation of

energy is not a dogma, but a doctrine drawn from observation, while the

uniformity of Lyell is in no sense an induction; it is a dogma in the nar-

rowest sense of the word, unproved, incapable of proof; hence perhaps

its power upon the human mind; hence also the transitoriness of that

power. Again, it is onl}^ by restricting its inquiries to the stratified

rocks of our planet that the dogma of uniformity can be maintained

with any pretense of argument. Directh^ we begin to search the

heavens the possibility, na}^ even the likelihood, of the nebular origin

of our system, with all that it involves, is borne in upon us. L3'ell

therefore consistently refused to extend his gaze beyond the rocks

beneath his feet, and was thus led to do a serious injury to our science;

he severed it from cosmogony, for which he entertained and expressed

the most profound contempt, and from the mutilation thus infiicted

geology is onl}^ at length making a slow and painfid recover3\ Why
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d( ) I dwell on these facts ? To depreciate Lvell '. \\\ no moans. No one
i.s niore conscious than I of the no1)le service Avhich Lvell rendered
to our cause; his reputation is of too roljust a kind to suffer from my
unskillful handling-, and the fame of his solid contributions to science

will endure long after these controversies are forgotten. The echoes
of the combat are already dying away, and uniformitarians, in the

sense already defined, are now no more; indeed, were I to attempt to

exhibit anj^ distinguished living geologist as a still surviving supporter

of the narrow Lyellian creed, he would probably feel, if such a one
there be, that I was unfairly singling him out for unmerited obloquy.

Our science has become evolutional, and in the transformation has

grown more comprehensive; her petty parochial days are done, she is

drawing her provinces closer around her. and is fusing them together

into a united and single commonwealth—the science of the earth.

Not merely the earth's crust, but the whole of earth-knowledge is

the subject of our research. To know ail that can be known about

our planet, this, and nothing less than this, is its aim and scope.

From the morphological side geology inquires, not only into the

existing form and structure of the earth, but also into the series of

successive nn^rphological states through which it has passed in a long

and changeful development. Our science inquires also into the

distribution of the earth in time and space: on the physiological

side it studies the movements and activities of our planet; and not

content Avith all this it extends its researches into wtiology and en-

deavors to arrive at a science of causation. In these pursuits geol-

ogy calls all the other sciences to her aid. In our connnonAvealth

there are no outlanders; if an eminent physicist enter our territory

we do not begin at once to prepare for war, because the very fact

of his undertaking a geological inquiry of itself confers upon him

all the duties and privileges of citizenship. A physicist studying

geology is l)y definition a geologist. Our only regret is, not that

physicists occasionally invade our borders, but that they do not visit

us oftener and make closer acquaintance with us.

EARLY HISTORY OF THE EARTH—FIRST CRITICAL I'ERIOD.

If 1 am bold enough to assert that cosmogony is no longer alien to

geology. I may proceed further and. taking advantage of my temerity,

pass on to speak of things once not permitted to us. I propose, there-

fore, to offer some short account of the early stages in the history of

the earth. Into its nebular origin we need not inquire; that is a sub-

ject for astronomers. We are content to accept the infant earth from

their hands as a molten g-lobe ready made, its birth from a gaseous

nebula duly certified. If we ask, as a matter of curiosity, what was

the origin of the nebula, I fear even astronomers can not tell us.
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There is an hypothesis which refers it to the clashing of meteorites,

but in the form in which this is usually presented it does not help us

much. Such meteorites as have been oliserved to penetrate our atmos-

phere and to fall onto the surface of the earth prove on examination

to have had an eventful history' of their own. of which not the least

important chapter was a passage through a molten state; the}^ would

thus appear to be the products rather than the progenitors of a nebula.

We commence our historj', then, with a rapidly rotating molten

planet, not inipossibly already solidified about the center and sur-

rounded b}' an atmosphere of great depth, the larger part of which

was contributed l)v the water of our present oceans, then existing in a

state of gas. This atmosphere, which exerted a pressure of something

like 5,000 pounds to the square inch, nuist have played a very impor-

tant part in the evolution of our planet. The molten exterior absorbed

it to an extent which depended on the pressure, and which may some

day be learned from experiment. Under the influence of the rapid rota-

tion of the earth the atmosphere would be much deeper in equatorial

than polar regions, so that in the latter the loss of heat by radiation

would be in excess. This might of itself lead to convectional currents

in the molten ocean. The effect on the atmosphere is very difficult to

trace, but it is o))vious that if a high-pressure area originated over

some cooler region of the ocean the winds blowing out of it would

drive before them the cooler superficial layers of molten material, and

as these were replaced by hotter lava streaming from below the tend-

ency would be to convert the high into a low pressure area and to

reverse the direction of the winds. Conversely under a low-pressure

area the inblowing winds would drive in the cooler superficial layers

of molten matter that had been swept away from the anticyclones.

If the diflerence in pressure under the c^^clonic and anticyclonic areas

were considerable, some of the gas absorbed under the anticyclones

might escape beneath the c3x-lones, and in a later stage of cooling

might give rise to vast floating islands of scoria. Such islands might

be the flrst foreshadowings of the future continents. Whatever the

ultimate eft'ect of the reaction of the winds on the currents of the

molten ocean, it is proljable that some kind of circulation was set up

in the latter. The universal molten ocean was l)y no means homo-

geneous. It was constantl}' undergoing changes in composition as it

reacted chemically with the internal metallic nucleus; its currents

would streak the diflerent portions out in directions which in the

northern hemisphere would run from northeast to southwest, and thus

the differences which distinguish particular petrological regions of our

planet may have connnenced their existence at a very early stage. Is

it possible that as our knowledge extends we shall ])e able by a study

of the distribution of igneous rocks iind minerals to draw some con-

clusions as to the direction of these h^potlietical lava currents ? Our
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planet was profoundl}^ di.stiirlxxl ))y tides produced b}- the sun, for as

yet there was no moon; and it has been suggested that one of its tidal

waves rose to a height so great as to sever its connection with the

earth and to fly ofl' as the infant moon. This event may be regarded
as marking the first critical period, or catastrophe if we please, in the

history of our planet. The career of our satellite after its escape from
the earth is not known till it attained a distance of nine terrestrial radii;

after this its progress can be clearly followed. At the eventful time

of parturition the earth was rotating, with a period of from two to four

hours*, about an axis inclined at some ll"^ or 12'-' to the ecliptic. The
time wdiich has elapsed since the moon occupied a position nine terres-

trial radii distant from the earth is at least fifty-six to fift}^-seven mil-

lions of years, but mav have been nmch more. Professor Darwin's

story of the moon is certainly one of the most beautiful contributions

ever made by astronomy to geology, and we shall all concur with him

when he says: "A theory reposing on vera? causte, which brings into

quantitative correlation the length of the present day and month, the

obliquity of the ecliptic, and the inclination and eccentricity of the

lunar orbit, must, 1 think, have strong claims to acceptance."

The majority of geologists have long hankered after a metallic

nucleus for the earth, composed chiefly, by analogy with meteorites, of

iron. Lord Kelvin has admitted the probable existence of some such

nucleus, and lately Professor Wiechert has furnished us with argu-

ments—"powerful" arguments, Professor Darwin terms them—in

support of its existence. The interior of the earth for four-fifths of

the radius is composed, according to Professor Wiechert, chiefly of

metallic iron, with a density of 8.2; the outer envelope, one-fifth of

the radius, or about -±00 miles in thickness, consists of silicates, such

as we are familiar with in igneous rocks and meteorites, and possesses

a density of 3. 2. It was from this outer envelope when molten that the

moon was trundled off", 27 miles in depth going to its formation. The

density of this material, as we have just seen, is supposed to be 3.2;

the density of the moon is 3.39, a close approximation, such difference

as exists being completely explicable by the comparatively low tem-

perature of the moon.

The outer envelope of the earth which was drawn off to form the

moon was, as we have seen, charged with steam and other gases under

a pressure of 5,000 pounds to the square inch; but as the satellite wan-

dered away from the parent planet ttis pressure continuously dimin-

ished. Under these circumstances the moon would become as explosive

as a charged bomb, steam would burst forth from numljerless volca-

noes, and while the face of the moon might thus have acquired its

existing features, the ejected material might possibly have been shot

so far away from its origin as to have acquired an independent orbit.

If so, we may ask whether it may not be possible that the meteorites,
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which sometimes descend upon our pUmet, arc but portions of its own
envelope returning to it. The facts that the average specific gravity

of those meteorites W'hich have been seen to fall is not much above 3.2,

and that they have passed through a stage of fusion, are consistent

with this suggestion.

SECOND CRITICAL PERIOD, '
' CONSISTENTIOR STATUS."

The solidification of the earth probably became completed soon after

the birth of the moon. The temperature of its surface at the time of

consolidation was about 1,170^ C, and it was therefore still surrounded

by its primitive deep atmosphere of steam and other gases. This was

the second critical period in the history of the earth, the stage of the

"consistentior status," the date of which Lord Kelvin would rather

know than that of the Norman Conquest, though he thinks it lies

between twenty and forty millions of years ago, probably nearer

twenty than forty.

Now that the crust was solid there was less reason why movements
of the atmosphere should be unsteady, and definite regions of high and

low pressure might have been established. Under the high-pressure

areas the surface of the crust would be depressed; correspondingly,

under the low-pressure areas it would be raised; and thus from the

first the surface of the solid earth might be dimpled and embossed.^

THIRD CRITICAL PERIOD—ORIGIN OF THE OCEANS.

The cooling of the earth would continuously progress, till the tem-

perature of the surface fell to 370° C, when that part of the atmos-

phere which consisted of steam would begin to liquef}^; then the

dimples on the surface w^ould soon become filled Avith superheated

water, and the pools so formed would expand and deepen till they

formed the oceans. This is the third critical stage in the history of

the earth, dating, according to Professor Joly, from between eighty

and ninety millions of years ago. With the growth of the oceans the

distinction })etween land and sea arose—in what precise manner we
may proceed to inquire. If we revert to the period of the "consisten-

tior status,'' when the earth had just solidified, we shall find, according

to Lord Kelvin, that the temperature continuously increased from the

surface, where it was 1,170° C. , down to a depth of 2.5 miles, where it

w^as about 1,130° C, or 260° C. above the fusion point of the matter,

forming the crust. That the crust at this depth was not molten but

solid is to be explained by the very great pressure to which it was sub-

jected—just so much pressure, indeed, as was required to counteract

^ It would be difficult to discuss with sufficient brevity the probable distribution of

these inequalities, but it may be pointed out that the moon is possibly responsible,

and that in more ways than one, for much of the existing geographical asyuunetry.
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the influence of the additional 260^ C. Thus, if we could have reduced
the pressure on the crust we should have caused it to liquefy. By
restoring- the pressure it would resolidify. By the time the earth's

surface had cooled down to 370° C. the depth beneath the surface at

which the pressure just kept the crust solid would have sunk some
slight distance inward, but not sufficientl}' to affect our argument.

The average pressure of the primitive atmosphere upon the crust

can readily be calculated by supposing the water of the existing oceans

to be uniformly distributed over the earth's surface, and then by a

simple piece of arithmetic determining its depth. This is found to be

1.718 miles, the average depth of the oceans being taken at 2.303

miles. Thus, the average pressure over the earth's surface immediately

before the formation of the oceans was equivalent to that of a column

of water 1.718 miles high on each square inch. Supposing that at its

origin the ocean were all "gathered together into one place"" and
" the dr}' land appeared," then the pressure over the ocean floor would

be increased from 1.718 miles to 2.393 miles, Avhile that over those

portions of the crust that now formed the land would be dmiinished

by 1.718 miles. This difference in pressure would tend to exaggerate

those faint depressions which had arisen under the primitive anticy-

clonic areas, and if the just solidilied material of the earth's crust were

set into a state of flow it might move from under the ocean into the

bulgings which were rising to form the land until static equilibrium

were established. Under these circumstances the pressure of the

ocean would be just able to maintain a column of rock 0.880 mile in

height, or ten twenty-sevenths of its own depth. It could do no more.

But in order that the dry land may appear, some cause must be found

competent either to lower the ocean l)ed the remaining seventeen

twenty-sevenths of its full depth or to raise the continental bulgings

to the same extent. Such a cause may, I thiidv. be discovered in

a further effect of the reduction in pressure over the continental

areas. Previous to the condensation of the ocean these, as we have

seen, were subjected to an atmospheric pressure equal to that of a

column of water 1.718 miles in height. This pressure was contrib-

utory to that which caused the outer 25 miles of the earth's crust to

become solid. It furnished, indeed, just about one-fortieth of that

pressure, or enough to raise the fusion point 6° C. What, then,

might be expected to happen when the continental area was relieved

of this load? Plainly a liquefaction and corresponding expansion of

the underlying rock.

But we will not go so far as to assert that actual liquefaction would

result. All we require for our explanation is a great expansion, and

this would probably follow whether the crust were liquefled or not.

For there is good reason to suppose that when matter at a temperature

above its ordinary fusion point is compelled into the solid state by
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pressure its volume is very responsive to chanoe.s, either of pressure

or temperature. The remarkable expansion of liquid carbon dioxide

i.s a case in point: 120 volumes of this fluid at —20^ C. become 150

volumes at 33° C, a temperature just below the critical point. A great

change of volume also occurs when the material of igneous rocks

passes from the crystalline state to that of glass. In the case of dia-

l)ase^ the ditierence in volume of the rock in the two states at ordinar}-

temperatures is 13 per cent. If the relief of pressure over the site of

continents were accompanied ])y volume changes at all approaching

this, the additional elevation of seventeen twenty-sevenths required to

raise the land to the sea level would be accounted for.' How far down

beneath the surface the unloading of the continents would be felt it is

difficult to say, though the problem is probably not beyond the reach

of mathematical analysis; if it aftected an outer envelope^ 25 miles in

thickness, a linear expansion of 4 per cent would suflice to explain the

origin of ocean basins. If now we refer to the dilatation determined

by C'ai'l Barus for rise in temperature in the case of diabase, we And

that between 1,01^3' and 1,112- C. the increase in volume is 3.3 per

cent. As a further factor in deepening the ocean basins may be

included the compressive effect of the increase in load over the ocean

floor; this increase is equal to the pressure of a column of water 0.(375

mile in height, and its eflect in raising the fusion point would ])e 2

^ C. Barus so names the material on which he experimented. Apparently the rock

is a freyh dolerite without olivine.

^Professor Fitzgerald has lieen kind enough to express part <if the preceding

explanation in a more precise manner forme. He writes: "It would require a very

nice adjustment of temperatures and pressures to work out in the simple way you

state it, but w^hat is really involved is that in a certain state diabase (and everything

that changes state with a considerable change of volume) has an enormous isother-

mal compressil)iiity. Although this is very enormous in the case of bodies which

meft suddenly, like ice, it would also involve very great compressibilities in the case

of bodies even which melted gradually, if they did so at all quickly, i. e., within a

small range of temperature. What you postulate, then, is that at a certain depth

diabase is soft enough to be squeezed from under the oceans, and that, ])eing near

its melting point, the small relief of pressure is accompanied by an enormous increase

in volume which helped to raise the continents. Now that I have written the thing

out in my own way it seems very likely. It is, anyway, a suggestion quite worthy

of serious consideration, and a process that in some places must almost certainly

have been in operation and maybe is still operative. Looking at it again, I hardly

thmk it is quite likely that there is or could be much squeezing sideways of liquid or

other viscous material from under one place to another, because the elastic yielding

of the inside of the earth would be nuich quicker than any flow of this kind. This

would only modify your theory, because the diabase that expands so nmch on the

relief of pressure might be that already imder the land and raising up this latter,

partly by being pushed up itself by the elastic relief of the inside of the earth and

partly by its own enormous expansibility near its melting point. The action would

be quite slow, because it would cool itself so much by its expansion that it would

have to be warmed up from below or by tidal earth squeezing or by chemical action

before it could expand isothermally."
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C, from which we may gain some kind of idea of the amount of com-
pression it nno-ht produce on the yielding- interior of the crust. To
admit that these views are speculative will be to confess nothing, but
they certainly account for a good deal. They not only give us ocean
basins, but basins of the kind we want; that is, to use a crude com-
parison once made by the late Dr. Carpenter, basins of a tea-tray form,
having a somewhat flat floor and steeply sloping sides; they also help
to explain how it is that the value of gravity is greater over the ocean
than over the land.

The ocean when lirst formed would consist of highly heated water,

and this, as is well known, is an energetic chemical leagent when
brought into contact with silicates like those which formed the primi-

tive crust. As a result of its action saline solutions and chemical

deposits would be formed; the latter, how^ever, would probably be of

no great thickness, for the time occupied by the ocean in cooling to a

temperature not far removed from the present would probably be

included within a few hiuidreds of years.

THE STKATIFIED SERIES.

The course of events now becomes somewhat obscure, but sooner or

later the familiar processes of denudation and the deposition started

into activity, and have continued acting uninterruptedly ever since.

The total maximum thickness of the sedimentary deposits, so far as I

can discover, appears to amount to no less than 50 miles, made up as

follows:
Fuet.

Kecent and Pleistocene 4,000 Man.

Pliocene 5,000 Pithecanthropus.

Miocene 9,000

Oligocene 12,000

Eocene 12,000 Eutheria.

Cretaceous 14,000

Jurassic 8,000

Trias 13,000 :\ranunals.

Permian 12,000 Reptiles.

Carboniferous 24,000 Auiphil)ia.

Devonian 22,000 Fish.

Silurian 15,000

Ordovician 17,000

Cambrian 16,000 Invertebrata.

Keevveena\,an 50,000

Penokee 14,000

Huronian 18,000

Geologists, impressed with the tardy pace at which sediments appear

to be accumulating at the present day, could not contemplate this

colossal pile of strata without feeling that it spoke of an almost incon-

ceivably long lapse of time. They were led to compare its duration
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with the distances which intervene between the heavenly ])odies; Imt

while some chose the distance of the nearest tixed star as their unit,

others were content to measure the years in terms of miles from

the sun.

EVOLUTION OF ORGANISMS.

The stratified rocks were eloquent of time, and not to the geolooist

alone; the}^ appealed with equal force to the biologist, Accepti no-

Darwin's explanation of the origin of species, the present rate at

which form flows to form seemed so slow as almost to amount to immu-
tability. How vast, then, must have been the period during which by

slow degrees and innumerable stages the protozoon was transformed

into the man! And if we turn to the stratified column, what do we
find^ ]Man, it is true, at the summit, the oldest fossiliferous rocks -U

miles lower down, and the fossils they contain already representing

most of the great classes of the Invertebrata, including Ci'ustacea and

Worms. Thus the evolution of the Vertebrata alone is known to have

occupied a period represented b}- a thickness of 'M miles of sediment.

How much greater, then, must have })een the inter\'al requii-ed for the

elaboration of the whole organic world! The human mind, dwelling

on such considerations as these, seems at times to have been affected

by a sur-excitation of the imagination, and a consequent paralysis of

the understanding, which led to a refusal to measure geological time

by 3^ears at all, or to reckon l)y anything less than '"eternities."

GEOLOGIC PERIODS OF TIME.

After the admirable address of your president last year it might ])e

thought needless for me to again enter into a consideration of thissul)-

ject; it has been said, however, that the question of geological time is

like the Djinn in Arabian tales, and will irrepressibly come up again for

discussion, however often it is disposed of. For my part, 1 do not

regard the question so despondingly, but rather hope that by perse-

vering effort we may succeed in discovering the talisman l)y which we

may compel the unwilling Djinn into our service. How immeasur-

able would be the advance of our science could we but bring the chief

events which it records into some relation with a standard of time

!

Before proceeding to the discussion of estimates of time drawn

from a study of stratified rocks let us first consider those which have

been already suggested by other data. These are as follows: (1) Time

which has elapsed since the separation of the earth and moon, fifty-six

millions of years, minimum estimate by Prof. G. H. Darwin. (2) Since

the " consistentior status," twenty to forty millions (Lord Kelvin).

(3) Since the condensation of the oceans, eighty to ninety millions,

maximum estimate by Prof. J. Joly.

It may be at once oliserved that these estimates, although independ-

ent, are all of the same order of magnitude and so far confirmatory of
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eiu'h otlnn-. Nor are the}' opposed to conclusions drawn from a studv
of stratified rocks; thus Sir Archibald Geiki(% in his address to this

section last year, affirmed that, so far as these were concerned, one
hundred millions of years might suffice for their formation. There is,

then, very little to quarrel about, and our task is reduced to an attempt,
l)y a little sti-etching and a little paring, to bring these various estimates

into closer harmon3^

Professor Darwin's estimate is admittedly a minimum; the actual

time, as he himself expressly states, "may have been much longer."

Lord Kelvin's estimate, which he would make nearer twenty than forty

miliions, is founded on the assumption that since the period of the

"consistentior status" the earth has cooled simply as a solid body, the

transference of heat from within outwards having been accomplished

solely by conduction.^

It may be at once admitted that there is a large amount of truth in

this assumption; there can be no possible doubt that the earth reacts

toward forces applied for a short time as a solid body. Under the

influence of the tides it behaves as though it possessed a rigidity

approaching that of steel, and under sudden blows, such as those which

give rise to earthquakes, with twice this rigidity, as Professor Milne

informs me. Astronomical considerations lead to the conclusion that

its effective rigidity has not varied greatly for a long period of past

time.

Still, while fully recognizing these facts, the geologist knows—we
all know—that the crust of the earth is not altogether solid. The

existence of volcanoes by itself suggests the contrary, and although the

total amount of fluid material which is brought from the interior to

the exterior of the earth by volcanic action may be, and certainly is,

small—from data given by Professor Penck I estimate it as equivalent

to a layer of rock uniformly distributed 2 mm. thick per century—yet

we have ever}'^ reason to believe that volcanoes are but the supei-ficial

manifestation of far greater bodies of molten material which lie con-

cealed beneath the ground. Even the wide areas of plutonic rock,

which are sometimes exposed to view over a country that has suffered

long-continued denudation, are merely the upper portion of more exten-

sive masses which lie remote from view. The existence of molten

material within the earth's crust naturally awakens a suspicion that the

process of cooling has not l)een wholly by conduction, but also tosouie

slight extent by convection, and to a still greater extent by the bodily

migration of liquid lava from the deeper layers of the crust toward the

surface.

The existence of local reservoirs of molten rock witliin the crust is

still more important in another connection—that is, in relation with the

^The heat thus brought to the surface would amount to one-seventeenth of that

conveyed by conduction.
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supposed ''average rate of increase of temperature with descent below

the ground." It is doubtful whether we have yet discovered a rate

that in any useful sense can be spoken of as "'average.'" The widely

divergent views of different authorities as to the presumed value of

this rate may well lead to reflection. The late Professor Prestwich

thought a rise of 1^ F. for every 45 feet of descent below the zone of

constant temperature best represented the average; Lord Kelvin in his

earlier estimates has adopted a value of 1'-' F. for every 51 feet; the

committee of this association appointed to investigate this question

arrived at a rate of l*-" F. for every 60 feet of descent; Mr. Clarence

King has made calculations in which a rate of 1'-' F. for 72 feet is

adopted; a reinvestigation of recorded measurements would, I believe,

lead to a rate of 1° F. in 8<) or 90 feet as more closely approaching the

mean. This would raise Lord Kelvin's estimate to nearly tifty millions

of years.

When from these various averages we turn to the observations on

which they are based, we encounter a surprising divergence of

extremes from the mean. Thus in the British Isles alone the rate varies

from 1^ F. in 34 feet to 1° F. in 92 feet, or in one case to 1° i^. in 130

feet. It has been suggested, and to some extent shown, that these

irregularities may be connected with differences in conductivitv of the

rocks in which the observations were made, or to the circulation of

underground water; l)ut many cases exist which can not be explained

away in such a manner, ])ut are suggestive of some deep-seated cause,

such as the distribution of molten matter ])elow the ground. Inspec-

tion of the accompan3'ing map of the British Isles, on which the rates

of increase in different localities have been plotted, will afford some

evidence of the truth of this view. Comparatively low rates of

increase are found over Wales and in the province of Leinster, dis-

tricts of relatively great stabilit}", the renmants of an island that have

in all probability stood above the sea ever since the close of the Silu-

rian period. To the north of this, as we enter a region which was

subject to volcanic disturbances during the Tertiary period, the rate

increases.

It is obvious that in any attempt to estimate the rate at which the

earth is cooling as a solid body the disturbing influence of subterra-

nean lakes of molten rock must as far as possible be eliminated; but

this will not l)e effected l)y taking the accepted mean of observed rates

of increase of temperature. Such an average is merely a compromise,

and a nearer approach to a correct result will possibly be attained by

selecting some low rate of increase, provided it be based on accurate

observations.

It is extremely doubtful whether an area such as the British Isles,

which has so frequently been the theater of volcanic activity and other

subterranean disturbance, is the best fltted to afl'ord trustworthy re-
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suits. The Aivtuean uuclous of a continent niioht be expected to afford
surer indications. Unfortunately, the hidden treasures of the earth
are seldom buried in these regions, and bore holes in consequence have
rarely been made in theuL One exception is afi'orded by the copper-
bearing district of Lake Superior, and in one case, that of the Calumet
and Hecla mine, which is 4,580 feet in depth, the rate of increase, as
determined by Prof. A. Agassiz. was 1° F. for every 223,7 feet. The
Bohemian '' horst" is a somewhat ancient part of Europe, and in the
Przibram mines, which are sunk in it, the rate was l'^ F. for e\xry
12t) feet of descent. In the light of these facts it would seem that

geologists are by no means compelled to accept the supposed mean
rate of increase of temperature with descent into the crust as affording

a safe guide to the rate of cooling of a solid globe; and if the much
slower rate of increase observed in the more ancient arid more stable

regions of the earth has the importance which is suggested for it, then

Lord Kelvin's estimate of the date of the "consistentior status" may
be pushed Ijackward into a remoter past.

If, as we have reason to hope. Lord Kelvin's somewhat contracted

period will yield to a little stretching. Professor Joly's, on the other

hand, may take some paring. His argument, broadly stated, is as fol-

lows: The ocean consisted at first of fresh water; it is now salt, and

its saltness is due to the dissolved matter that is constantly being car-

ried into it by rivers. If, then, we know the quantity of salt which
the rivers bring down each year into the sea, it is easj to calculate how
many years they have taken to supply the sea with all the salt it at

pi esent contains. For several reasons it is found necessary to restrict

attention to one onl}^ of the elements contained in sea salt. This is

sodium. The quantity of sodium delivered to the sea every year by

rivers is about 100,000,000 tons; but the quantity of sodium which

the sea contains is at least ninety millions of times greater than this.

The period during which rivers have been carrying sodium into the

sea nuist therefore be about ninety millions of 3^ears. Nothing could

be simpler; there is no serious Haw in the method, and Professor

Joly's treatment of the subject is admirable in every way. But of

course in calculations such as this everything depends on the accuracy

of the data, which we may therefore proceed to discuss. Professor

Joly's estimate of the amount of sodium in the ocean may be accepted

as sufficiently near the truth for all practical purposes. We may

therefore pass on to the other factor, the annual contribution of sodium

by river water. Here there is more room for error. Two quantities

must be ascertained—one the quantity of water which the rivers of the

world carry into the sea, the other the (luantity or proportion of

sodium present in this water. The total volume of water discharged

by rivers into the ocean is estimated by Sir John Murray as 6,524

cubic miles. The estimate beino- based on observations of 33 great
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rivers, although only approximate, it is no doubt sufficiently exact;

at all events such alterations as it is likely to undergo will not

greatly affect the hnal result. When, however, we pass to the last

quantity to be determined, the chemical composition of average river

water, we find that only a very rough estimate is possible, and this is

the more unfortunate because changes in this may very materially

affect our conclusions. The total quantity of river water discharged

into the sea is, as we have stated, 6,524 cubic miles. The average

composition of this water is deduced from analyses of 19 great rivers,

which altogether discharge only 488 cubic miles, or 7.25 per cent

of the whole. The danger in using this estimate is twofold; in the

first place, 7.25 is too small a fraction from which to argue to the

remaining 92.75 per cent, and, next, the rivers which furnish it are

selected rivers, i. e., they are all of large size. The efi'ect of this is

that the drainage of the volcanic regions of the earth is not sufficiently

represented, and it is precisely this drainage which is richest in sodium

salts. The hivas and ashes of active volcanoes rapidly disintegrate un-

der the energetic action of various acid gases, and among volcanic

exhalations sodium chloride has been es])ecially noticed as abundant.

Consequently, we find that while the proportion of sodium in Professor

Joly's average river water is oidy 5.73 per million, in the rivers of the

volcanic island of Hawaii it rises to 24.5 per million (Walter Maxwell,

Lavas and Soils of the Hawaiian Islands, p. 170). No doubt the

area occupied by volcanoes is triHing compared with the remaining

land surface. On the other hand, the majority of volcanoes are situa-

ted in regions of copiovs rainfall, of which the}'^ receive a full share,

owing to their mountainous form. Much of the fallen rain percolates

through the porous material of the cone, and, richh^ charged with alka-

lies, finds its way by underground passages toward the sea, into which

it sometimes discharges by submarine springs.

Again, several considerations lead to the belief that the suppl}^ of

sodium to the ocean has proceeded, not at a uniform, but at a grad-

ually diminishing rate. The rate of increase of temperature with

descent into the crust has continuously diminished with the flow of time,

and this must have had its influence on the temperature of springs,

which furnish an important contribution to riv^er water. The signifi-

cance of this consideration may be judged from the composition of the

water of gej\sers. Thus Geyser, in Iceland, contains 884 parts of

sodium per million, or nearly one hundred and sixt}^ times as much as

Sir John ]\Iurray estimates is present in average river water. A mean
of the analyses of six gej'sers in different parts of the world gives 400

parts of sodium per million, existing partly as chloride, but also as

sulphate and carbonate.

It should not be overlooked that the present is a calm and quiet

epoch in the earth's history, following after a time of fiery activity.
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More than once, indeed, has the pa.st been distinguished bj- unusual
manifestations of volcanic energy, and these must have had some effect

upon the supply of sodium to the ocean. Finally, although the exist-

ing ocean water has apparently but slight effect in corroding the rocks
which form its bed, yet it certainly was not inert when its temperature
was not far removed from the critical point. Water begins to exert
a powerful destructive action on silicates at a temperature of 180^ C,
and during the interval occupied in cooling from 370'^ to 180- C. a

considerable quantity of sodium may have entered into solution.

A review of the facts before us seems to render some reduction in

Professor Joly's estimate imperative. A precise assessment is impos-

sible, but I should be inclined m3^self to take off some ten or thirty

millions of 3"ears.

We may next take the evidence of the stratified rocks. Their total

maximum thickness is, as we have seen, 265,000 feet, and consequently

if the}^ accumulated at the rate of 1 foot in a century, as evidence

seems to suggest, more than twenty-six millions of years must have

elapsed during their formation.

OBSCURE CHAPTER IN THE EARTh's HISTORY.

Before discussing the validity of the argument on which this last

result depends, let us consider how far it harmonizes with previ(5us

ones. It is consistent with Lord Kelvin's and Professor Darwin's, but

how does it accord with Professor Joly's ? Supposing we reduce his

estimate to fift^^-five njillions; what was the earth doing during the

interval between the period of fifty-five millions of 3^ears ago and that

of only twenty-six and one-half millions of years ago, when, it is pre-

sumed, sedimentary rocks commenced to be formed? Hitherto vre

have been a})le to reason on probabilities; now we enter the dreary

region of possibilities, and open that ol^scure chapter in the history of

the earth previously hinted at. For there are many possible answers

to this question. In the first place the evidence of the stratified rocks

may have })een wrongly interpreted, and two or three times the amount

of time we have demanded may have been consumed in their forma-

tion. This is a very obvious possibility, yet again our estimate con-

cerning these rocks may be correct, but wc may have erroneously

omitted to take into account certain portions of the Archa'an com-

plex, which may represent primitive sedimentary rocks, formed under

exceptional conditions, and subsequently transformed under the influ-

ence of the internal heat of the earth. This, I think, Avould be Pro-

fessor Bonney's view. Finally Lord Kelvin has argued that the life

of the sun as a luminous star is even more briefly limited than that of

our oceans. In such a case if our oceans were formed fifty-five millions

of years ago it is possible that after a short existence as almost boil-

ing water they grew colder and colder till they became covered with

SM 1900 22
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thick ice and moved only in obedience to the tides. The earth, frozen

and dark except for the red glow of her volcanoes, waited the coming

of the sun, and it was not till his growing splendor had banished the

long night that the cheerful sound of running waters was heard again

in our midst. Then the work of denudation and deposition seriously

recommenced, not to cease till the life of the sun is spent. Thus the

thickness of the stratified series may be a measure rather of the dura-

tion of sunlight than of the period Avhich has elapsed since the first

formation of the ocean. It ma}' have been so—we can not tell—but

it may be fairly urged that we know less of the origin, history, and

constitution of the sun than of the earth itself, and that, for aught we
can say to the conti'ary, the sun may have been shining on the just-

formed ocean as cheerfully as he shines to-day.

TIME REQUIRED FOR THE P^VOLUTION OF THE LIVING WORLD.

But, it will be asked, how fur does a period of twenty-six millions

satisfy the demands of biology? Speaking only for myself, although

I am aware that eminent biologists are not wanting who share this

opinion, I answer, amply. But it will be exclaimed, surely there are

" comparisons in things." liook at Egypt, where more than four

thousand years since the same species of man and animals lived and

fiourishcd as to-day. Examine the frescoes and stud}" the living pro-

cession of familiar forms they so faithfully portraj^, and then tell us,

how comes it about that from changes so slow as to be inappreciable

in the lapse of forty centuries you propose to build up the whole

organic world in the course of a mere twentj'-six millions of 3'ears?

To all which we might repl}^ that even changeless Eg3"pt presents us

with at least one change—the features of the ruling race are to-day

not quite the same as those of the Pharaohs. But putting this on one

side, the admitted constancy in some few common forms proves very

little, for so long as the environment remains the same natural selec-

tion will conserve the t3^pe, and, so far as we are able to judge, con-

ditions in Egypt have remained remarkably constant for a long period.

Change the conditions, and the resulting modification of the species

becomes manifest enough; and in this connection it is only necessary to

recall the remarkable mutations observed and recorded by Professor

Weldon in the case of the crabs in Pl3^mouth Harbor. In response to

increasing turbidity of the sea water these crabs have undergone or are

undergoing a change in the relative dimensions of the carapace, which

is persistent, in one direction, and rapid enough to be determined by
measurements made at intervals of a few years.

Again animals do not all change their characters at the same rate;

some are stable, in spite of changing conditions, and these have

been cited to proA^e that none of the periods we look upon as probable,

not twenty-five, not a hundred millions of years, scarce any period
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.short of eternity, is sufficient to account for the evolution of the living-

world. If the little tongue-shell, Lingula, has endured with next to

no perceptible change from the Cambrian down to the present day,

how long, it is sometimes inquired, would it require for the evolution

of the rest of the animal kingdom? The reply is simple. The cases

are dissimilar, and the same record which assures us of the persistency

of the Lingula tells us in language equally emphatic of the course of

evolution which has led from the lower organisms upward to man.

In recent and Pleistocene deposits the relics of man are plentiful. In

the latest Pliocene they have disappeared, and we encounter the

remarkable form P'lihceanthropus. As we descend into the Tertiary

systems the higher vuiammals are met with, always sinking lower and

lower in the scale of organization as they occur deeper in the series,

till in the Mesozoic deposits they have entirely disappeared, and their

place is taken by the lower mammals, a feeble folk, offering little

promise of the future the}^ were to inherit. Still lower, and even

these are gone; and in the Permian we encounter reptiles and the

ancestors of reptiles, probabl}^ ancestors of mammals, too; then into

the Carboniferous, where we find amphibians, but no true reptiles;

and next into the Devonian, where fish predominate, after making

their earliest appearance at the close of the Silurian times; thence

downward, and the vertebrata are no more found—we trace the evolu-

tion of the invertebrata alone. Thus the orderly procession of organic

forms follows in precisely the true phylogenetic sequence; inverte-

brata first, then vertebrates, at first fish, then amphibia, next reptiles,

soon after mammals, of the lowlier kinds first, of the higher later, and

these in increasing complexit}^ of structure till we finalh^ arrive at

man himself. While the living world was thus unfolding into new

and nobler forms, the immutable Z/;^(/?^/rf simply perpetuated its kind.

To select it or other species equally sluggish, as the sole measure of

the rate of biologic change would seem as strange a proceeding as to

confound the swiftness of a river with the stagnation of the pools that

lie beside its banks. It is occasionally olijected that the story we have

drawn from the paleontological record is mere myth or is founded

only on negative evidence. Cavils of this kind prove a double misap-

prehension, partly as to the facts, partly as to the value of negative

evidence, which may be as good in its way as any other kind of

evidence.

Geologists are not unaware of the pitfalls which beset negative evi-

dence, and they do not conclude from the absence of fossils in the

rocks which underlie the Cambrian that pre-Cambrian periods were

devoid of life; on the contrary, they are fully persuaded that the seas

of those times were teeming with a rich variety of invertebrate forms.

How is it that, with the exception of some few species found in beds
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immediatel}' underljdng the Cambrian, these have left behind no ves-

tige of their existence? The explanation does not lie in the nature of

the sediments, which are not unlitted for the preservation of fossils,

nor in the composition of the then existing sea water, which may have

contained quite as much calcium carbonate as occurs in our present

oceans; and the onh" plausible supposition would appear to be that

the organisms of that time had not passed beyond the stage now rep-

resented by the larva? of existing invertebrata, and consequently were

either unprovided with skeletons, or at all events with skeletons dura-

ble enough for preservation. If so, the history of the earlier stages

of the evolution of the invertebrata will receive no light from

paleontology; and no direct answer can be expected to the question

whether, eighteen or nineteen millions of 3'ears being taken as suffi-

cient for the evolution of the vertebrata, the remaining available eight

millions M^ould provide for that of tiie inA^ertebi'ate classes whicli are

represented in the lowest Cambrian deposits. On a priori grounds

there would appear to be no reason why it should not. If two mil-

lions of yetirs afforded time enough for the conversion of lish into

amphibians, a similar period should suffice for the evolution of trilo-

bites from annelids, or of annelids from trochospheres. The step

from gastrulas to trochospheres might })e accomplished in another two

millions, and two millions more would take us from gastrulas through

morulas to protozoa.

As things stand, biologists can have nothing to say either for or

against such a conclusion; they are not at present in a position to

offer independent evidence; nor can they hope to be so until they have

vastl}^ extended those promising investigations which they are only

now beginning to make into the rate of the variation of species.

UNEXPECTED ABSENCE OF THERMAL METAMORPHOSIS IN ANCIENT ROCKS.

Two difficulties now remain ^or discussion—one based on theories of

mountain chains, the other on the unaltered state of some ancient

sediments. The latter may be taken first. Professor van Hise writes

as follows regarding the pre-Cambrian rocks of the Lake Superior

district: ''The Penokee series furnishes an instructive lesson as to the

depth to which rocks may be buried and yet remain but slightly

affected by metamorphosis. The series itself is 14,000 feet thick. It

was covered before being upturned with a great thickness of Keweenaw
rock. This series at the Montreal River is estimated to be 50,000 feet

thick. Adding to this the known thickness of the Penokee series, we
have a thickness of 64,000 feet. * * * The Penokee rocks were

then buried to a great depth, the exact amount depending upon their

horizon and upon the stage in Keweenaw time, where the tilting and

erosion, which brought them to the surface, commenced.

"That the synclinal trough of Lake Superior began to form before

the end of the Keweenaw period, and consequently that the Penokee
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rocks were not buried under the full succession is more than probable.
However, they must have been buried to a great depth—at least sev-

eral miles—and thus subjected to high pressure and temperature, not-

withstanding which they are comparatively unaltered.''

'

I select this example because it is one of the best instances of a diffi-

culty that occurs more than once in considering the histor}^ of sedi-

mentary rocks. On the supposition that the rate of increment of tem-
perature with descent is 1^ F. for every 84 feet, or 1° C. for every 150
feet, and that it was no greater during these early Penokee times, then

at a depth of 50,000 feet the Penokee rocks would attain a tempera-

ture of nearly SSS*^ C, and since water begms to exert powerful chem-
ical action at 180° 0. the}^ should, on the theory of a solid cooling

globe, have suffered a metamorphosis sufficient to obscure their resem-

blance to sedimentary rocks. Either, then, the accepted rate of down-
ward increase of temperature is erroneous or the Penokee rocks were

never depressed in the place where they are exposed to observation to

a depth of 5(),000 feet. Let us consider each alternative, and in the

tir.st place let us apply the rate of temperature increment determined

b}^ Professor Agassiz in this very Lake Superior district. It is 1° C.

for every 402 feet, and twenty-five millions of yenvs ago, or about the

time when we may suppose the Penokee rocks were being formed, it

would be 1° C. for everj^ 305.5 feet, with a resulting temperature at a

depth of 50,000 feet of 163° C. only. Thus the admission of a very

low rate of temperatui-e increment would meet the difficulty; but, on

the other hand, it would involve a period of several hundreds of mil-

lions of years for the age of the " consistentior status," and thus

greatlv exceed Professor ,Ioly's maxinmm estimate of the age of oceans.

We ma}^ therefore turn to the second alternative. As regards this it

is by no means certain that the exposed portion of the Penokee series

ever was depressed 50,000 feet. The beds lie in a synclinal, the base

of which indeed may have sunk to this extent, and entered a region of

metamorphosis; but the only part of the S3^stem that lies exposed to

view is the upturned margin of the synclinal, and as to this it would

seem impossible to make any positive assertion as to the depth to which

it may or may not have been depressed. To keep an open mind on the

question seems our only course for the present, but difficulties like

this offer a promising held for investigation.

THE FORMATION OF MOUNTAIN RANGES.

It is frequently alleged that mountain chains can not be explained

on the hypothesis of a solid earth cooling under the conditions and for

the period we have supposed. This is a question well worthy of con-

sideration, and we may first endeavor to picture to ourselves the con-

ditions under which mountain chains arise. The floor of the ocean lies

1 Tenth Animal Report U. S. Geolofiieal Survey, 1888-89, p. 457.



308 EVOLUTIONAL GEOLOGY.

at an average depth of 2,000 fathoms below the land, and is main-

tained at a constant temperature, closely approaching 0° C, by the

passage over it of cold water creeping from the polar regions. The
average temperature of the surface of the land is above zero, but we
can afford to disregard the difference in temperature between it and the

ocean floor and ma}' take them both at zero. Consider next the increase

of temperature with descent, which occurs beneath the continents. At
a depth of 13,000 feet, or at same depth as the ocean floor, a tempera-

ture of 87° C. will be reached on the supposition that the rate of increase

is 1° C. for 150 feet, while with the usuallj^ accepted rate of 1° C. for

108 feet it would be 120° C. But at this depth the ocean floor, which*

is on the same spherical surface, is at 0° C. Thus surfaces of equal

temperature within the earth's crust will not l)e spherical, but will rise

or fall beneath an imaginary spherical or spheroidal surface according

as they occur IxMieath the continents or the oceans. No doubt at some

depth within the earth the departure of isothermal surfaces from a

spheroidal form will disappear; but considering the great breadth both

of continents and oceans this depth must be considerable, possibly even

40 or 50 miles. I'hus the subcontinental excess of temperature may
make itself felt in regions where the rocks still retain a high tempera-

ture, and are probably not far removed from the critical fusion point.

The effect will be to render the continents mobile as regards the ocean

floor, or. vice versa, the ocean floor will be stable compared with the

continental masses. Next it may be observed that the continents pass

into the bed of the ocean by a somewhat rapid flexure, and that it is

over this area of flexure that the sediments denuded from the land are

deposited. Under its load of sedhnent the sea floor sinks down, sub-

siding slowly, at about the same rate as the thickness of sediment

increases; and, whether as a consequence or a cause or both, the flex-

ure marking the boundary of land and sea becomes more pronounced.

A compensating movement occurs within the earth's crust, and solid

material may flow from under the subsiding area in the direction

of least resistance, possibl}' toward the land. At length when some

30,000 or 40,000 feet of sediment have accumulated in a basin-like

form, or, according to our reckoning, after the lapse of three or four

millions of j^ears, the downward movement ceases, and the mass of

sediment is subjected to powerful lateral compression, which, bringing

its borders into closer proximit}^ by some 10 or 30 miles, causes it to

rise in great folds high into the air as a mountain chain.

It is this last phase in the history of mountain making which has

given geologists more cause for painful thought than probably any

other branch of their subject, not excluding even the age of the earth.

It was at first imagined that during the flow of time the interior of

the earth lost so much heat, and suffered so much contraction in con-

sequence, that the exterior, in adapting itself to the shrunken body,

was compelled to fit it like a wrinkled garment. This theory, indeed,
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enjoyed a happy existence till it fell into the hands of mathematicians,
when it fared very badly, and now lies in a pitiable condition neg-
lected of its friends.^

For it seemed proved to demonstration that the contraction conse-
quent on cooling- was wholly, even ridiculously, inadequate to explain
the wrinkling. But when we summon up courage to inquire into the
data on which the mathematical arguments are based, w^e find that they
include several assumptions the truth of which is by no means self-

evident. Thus it has been assumed that the rate at which the fusion
point rises with increased pressure is constant and follows the same
law as is deduced from ex^3eriments made under such pressures as we
can counuand in our laboratories down to the very center of the earth,
where the pressures are of an altogether different order of magni-
tude; so with a still more important coefficient, that of expansion,
our knowledge of this quantity is founded on the behavior of rocks
heated under ordinary atmospheric pressure, and it is assumed that the
same coefficient as is thus obtained may be safely applied to material

which is kept solid, possibly near the critical point, under the tremen-
dous pressure of the depths of the crust. To this last assumption we
owe the terrible bogies that have been conjured out of "the level of

no strain." The depth of this as calculated by the Rev. O. Fisher is

so trifling that it would be passed through by all very deep mines.

Mr. C. Davison, however, has shown that it will lie considerably

deeper, if the known increase of the coefficient of expansion with rise

of temperature be taken into account. It is possible, it is even likely,

that the coefficient of expansion becomes vastly greater w^hen regions

are entered where the rocks are compelled into the solid state by pres-

sure. So little do we actually know of the behavior of rock under

these conditions that the geologist would seem to be left ver}- much to

his own devices; but it would seem there is one temptation he must

resist—he may not take refuge in the hypothesis of a liquid interior.

We shall boldly assume that the contraction at some unknown depth

in the interior of the earth is sufficient to ati'ord the explanation we
seek. The course of events may then proceed as follows: The con-

traction of the interior of the earth consequent on its loss of heat

causes the crust to fall upon it in folds, which rise over the continents

and sink under the oceans, and the flexure of the area of sedimentation

is partly a consequence of this folding, partly of overloading. By
the time a depression of some 30,000 or 40,000 feet has occurred along

the ocean border the relation between continents and oceans has become

unstable, and readjustment takes place, probably by a giving way of

the continents, and chiefly along the zone of greatest weakness, i. e.,

the area of sedimentation, which thus becomes the zone of mountain

^ With some exceptions, notably Mr. C. Davison, a consistent supporter of the

theory of contraction.
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building. It may be observed that at great depths readjustment will

be produced hy a slow flowing of .solid rock, and it is only compara-

tively near the surface, 5 or 10 miles at the most below, that failure of

support can lead to sudden fracture and collapse; hence the compara-

tively superficial origin of earthquakes.

Given a sufliciently large coeflicient of expansion—and there is much

to suggest its existence (vide, p. 296)—and all the phenomena of moun-

tain ranges become explicable; thej'^ begin to present an appearance

that invites mathematical treatment; they inspire us with the hope that

from a knowledge of the height and dimensions of a continent and its

relations to the bordering ocean we may be able to predict when and

where a mountain chain should arise, and the theory which explains

them promises to guide us to an interpretation of those world- wide

unconformities which Suess can only account for by a transgression of

the sea. Finally it relieves us of the difliculty presented by mountain

formation in regard to the estimated duration of geological time.

INFLUENCE OF VARIATIONS IN THE ECCENTRICITY OF THE EARTH's

ORBIT.

This may perhaps be the place to notice a highly interesting specu-

lation which we owe to Professor Bh'tt, who has attempted to estab-

lish a connection between periods of readjustment of the earth's crust

and variations in the eccentricity of the earth's orbit. ^Vithout enter-

ing into any discussion of Professor Blytt's methods, we may ofi'er a

comparison of his results with those that follow from our rough esti-

mate of 1 foot of sediment accumulated in a century.

Table showing the time that has elapsed since the beginning of the systems in tliefi, st column,

as reckoned from thickness of sediment in the second column, and by Professor Blytl in

the third.

Period.
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washed into the sea by the action of rain and rivers. By this we find
that the present land surface is being- reduced in height to the extent,
on an average, of one twenty-four hundredth foot yearly (according to
Professor Penck, one thirty-six, hundredth foot). If the material
removed from the land were uniformly distributed over an area equal
to that from which it had been derived, it would form a layer of i-ock

one twenty-four hundredth foot thick yearly, i. e., the rates of denu-
dation and deposition would be identical. But the two areas, that of
denudation and that of deposition, are seldom or never equal, the latter

as a rule ])eing much the smaller. Thus the area of that part of North
America which drains into the Gulf of Mexico measures 1,800,000
square miles, the area over which its sediments are deposited is, so far
as I can gather from Professor Agassiz's statements, less than 180,000
square miles, while Mr. McGee estimates it at only 100,000 square
miles. Using the largest number, the area of deposition is found to

measure one-tenth the area of denudation; the average rate of deposi-

tion will therefore be ten times as great as the rate of denudation, or

one two hundred and fortieth foot may be supposed to be uniforml}^

distrilnited over the area of sedimentation in the course of a year. But
the thickness b}' which we have measured the strata of our geological

systems is not an average but a maximum thickness; we have therefore

to obtain an estimate of the maximum rate of deposition. If we assume
the deposited sediments to be arranged somewhat after the fashion of

a wedge, with the thin end seaward, then twice the average would give

us the maximum rate of deposition; this would be 1 foot in one hundred
and twenty years. But the sheets of deposited sediment are not merely

thicker toward the land, thinner toward the sea, they also increase in

thickness toward the rivers in which they have their source, so that a

very obtuse-angled cone, or, better, the down-turned bowl of a spoon,

would more nearh' represent their form. This form tends to disap-

pear under the action of waves and currents, but a limit is set to this

disturbing influence by the subsidence which marks the region opposite

the mouth of a large river. By this the strata are graduall}^ let down-

ward, so that they come to assume the form of the bowl of a spoon

turned upward. Thus a further correction is necessaiy if we are to

arrive at a fair estimate of the maximum rate of deposition. Consid-

ering the very rapid rate at which our ancient systems diminish in

thickness when traced in all directions from the localities where they

attain their maximum, it would appear that this correction must be a

large one. If we reduce our alread}' corrected estimate by one-tifth,

we arrive at a rate of 1 foot of sediment deposited in a centur3\

No doubt this value is often exceeded. Thus in the case of the Missis-

sippi River the bar of the Southwest Pass advanced between the years

1838 and 1874 a distance of over '2 miles, covering an area 2,2 miles in

width with a deposit of sediment 80 feet in thickness; outside the bar,
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where the sea is 250 feet in depth, sediment accumulates, according to

Messrs. Humphre3^s and Abbot, at a rate of 2 feet 3'earh\ It is quite

possible, indeed it is very likely, that some of our ancient strata have

been formed with corresponding- rapidity. No gravel or coarse sand

is deposited over the Mississippi delta. Such material is not carried

farther seaward than New Orleans. Thus the vast sheets of conglom-

erate and sandstone which contribute so largely to some of our ancient

systems, such as the Cambrian, Old Red Sandstone, Millstone Grit,

and Coal Measures, must have accumulated under very different con-

ditions, conditions for which it is not easy to find a parallel; but in

any case these deposits afford evidence of very rapid accumulation.

These considerations will not tempt us, however, to modify our

estimate of 1 foot in a centurj'^; for though in some cases this rate

may have been exceeded, in others it ma}' not have been nearly

attained.

Closely connected with the rate of deposition is that of the changing

level of land and sea; in some cases, as in the Wealden delta, subsid-

ence and deposition appear to have proceeded with equal steps, so that

we might regard them as transposable terms. . It would, therefore,

prove of great assistance if we could determine the average rate at

which movements of the ground are proceeding; it might naturally be

expected that the accurate records kept by tidal gauges in various

parts of the world would afford us some information on this subject;

and no doubt they would, were it not for the singular misbehavior of

the sea, which does not maintain a constant level, its fluctuations being

due, according to Professor Darwin, to the irregular melting of ice in

the polar regions. Of more immediate application are the results of

Herr L. Holmstrom\s observations in Scandinavia, which prove an

average rise of the peninsula at the rate of 3 feet in a century to be

still in progress; and Mr. G. K. Gilbert's measurements in the Great

Lake district of North America, which indicate a tilting of the conti-

nent at the rate of 3 inches per 100 miles per century. But while

measurements like these may furnish us with some notion of the sort

of speed of these changes, they are not sufficient even to suggest an

average; for this we must be content to wait till sufficient tidal obser-

vations have accumulated, and the disturbing effect of the inconstancy

of the sea level is eliminated.

It may be objected that in framing our estimate we have taken into

account mechanical sediments only, and ignored others of equal impor-

tance, such as limestone and coal. With regard to limestone, its thick-

ness in regions where systems attain their maximum may be taken as

negligible; nor is the formation of limestone necessarily a slow process.

The successful experiments of Dr. Allan, cited by Darwin, prove that

reef-building corals may grow at the astonishing rate of 6 feet in height

per annum.
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In respect of coal there i.s much to sugg-est that its growth was rapid.
The Carboniferous period well deserves its name, for never before,
never since, have carbonaceous deposits accumulated to such a remark-
able thickness or over such wide areas of the earth's surface. The
explanation is doubtless partly to be, found in favorable climatal con-

ditions, but also, 1 think, in the youthful energy of a new and over-

mastering type of vegetation, which then for the first time acquired
the dominion of the land. If we turn to our modern peat bogs, the
only carbonaceous growths available for comparison, we find from data

given by Sir A. Geikie that a fairly average rate of increase is 6 feet

in a century, which might perhaps correspond to 1 foot of coal in the

same period.

The rate of deposition has been taken as uniform through the whole
period of time recorded by stratified rocks; but lest it should be sup-

posed that this involves a tacit admission of uniformity, I hasten to

explain that in this matter wo have no choice. We may feel convinced

that the rate has varied from time to time, but in what direction or to

what extent it is impossible to conjecture. That the sun was once much
hotter is probable, but equall}^ so that at an earlier period it was much
colder; and even if in its youth all the activities of our planet were

enhanced this fact might not affect the maximum thickness of deposits.

An increase in the radiation of the sun, w^hile it would stimulate all the

powers of subaerial denudation, would also produce stronger winds and

marine currents. Stronger currents would also result from the greater

magnitude and frequency of the tides, and thus while larger quantities

of sediment might be delivered into the sea they would be distributed

over wider areas, and the difference between the maximum and average

thickness of deposits would consequently ])e diminished. Indications

of such a wider distribution may perhaps be recognized in the Paleozoic

systems. Thus we are compelled to treat our rate of deposition as

uniform, notwithstanding the serious error this may involve.

The reasonableness of our estimate will perhaps best appear from a

few applications. Fig. 2 is a chart, based on a map by De Lappareut,

representing the distribution of land and sea over the European area

during the Cambrian period. The strata of this system attain their

maximum thickness of 12,000 feet in Merionethshire, Wales. They

rapidly thin out northward, and are absent in Anglesey; scarcely less

rapidly toward Shropshire, where they are 3,000 feet thick; still a

little iess rapidly toward the Malverns, where they are only 800 feet

thick, and most slowly toward St. Davids Head, where they are 7,400

feet thick. The Cambrian rocks of Wales were in all probability the

deposits of a river system which drained some vanished land once situ-

ated to the west. How great was the extent of this land none can say-

Some geologists imagine it to have obliterated the whole or greater

part of the North Atlantic Ocean. For my part I am content with a
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somewhat laige island. What area of this island, we may ask, would
suffice to supply the Cambrian sediments of Wales and Shropshire?

Admitting that the area of denudation was ten times as large as the area

of deposition, its dimensions are indicated by the figure a h c d on the

chart. This evidently leaves room enough on the island to furnish all

the other deposits which are distributed along the western shores of

the Cambrian Sea, while those on the east are amply provided for by
that portion of the European Continent which then stood above water.

If 1 foot in a century be a cjuantity so small as to disappoint the

imagination of its accustomed exercise, let us turn to the Cambrian
succession of Scandinavia, where all the zones recognized in the British

series are represented b}' a column of sediment 21^>0 feet in thickness.

If 1,600,000 years be a correct estimate of the duration of Cambrian

time, then each foot of the Scandinavian strata must have occupied

5,513 3'ears in its formation. Are these figures sufficiently incon-

ceivable ?

In the succeeding system (that of the Ordovician) the maximum thick-

ness is 17,000 feet. Its deposits are distributed over a wider area than

the Cambrian, but they also occupied longer time in their formation;

hence the area from which they were derived need not necessarily have

been larger than that of the preceding period.

Great changes in the geography of our area ushered in the Silurian

system. Its maximum thickness is found over the lake district and

amounts to 15,000 feet, but in the little island of (xothland, where all

the subdivisions of the system frojii the Landover}' to the Upper Lud-
low occur in complete sequence, the thickness is only 208 feet. In

Gothland, therefore, accoixling to our computation, the rate of accu-

mulation was 1 foot in 7,211 years.

With this example we must conclude, merely adding that the same
story is told by other systems and other countries, and that so far as

m}^ investigations have extended I can find no evidence which would

suggest an extension of the estimate I have proposed. It is but an

estimate, and those who have made acquaintance with "estimates''' in

the practical affairs of life know how far this kind of computation may
guide us to or from the truth.

This address is already unduly long, and yet not long enough for the

magnitude of the subject of which it treats. As we glance backward

over the past we see catastrophism yield to uniformitarianism, and this

to evolution, but each as it disappears leaves behind some precious

residue of truth. For the future of our science our ambition is that

which inspired the closing words of your last president's address, that

it may become more experimental and exact. Our present watchword

is Evolution. May our next be Measurement and Experiment, Experi-

ment and Measurement.



lithsonian Repoit, 1900.—Sollas
Plate
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Fig. 2—Distribution of Land and Sea, and of Thickness of Deposits

OF Cambrian System.

Dotted lines indicate distances of 100 and 200 miles from shore.





PROGRESS IN PHYSICS IN THE NINETEENTH CENTURY.

By Professor Mendenhall, Ph. D., D. Sc, LL. D.

On January 7, 1610, Galileo, turning his telescope toward Jupiter,

was the hrst to see the beautiful system of that planet in which the

universe is epitonnzed. He had already studied the variegated sur-

face of the moon and he had seen the spots upon the sun. A little

later, in spite of the feeble power of his instrument, he had discovered

that the sun rotates upon an axis, and something- of the wonderful na-

ture of the planet Saturn had been revealed to him. The overwhelm-
ing evidence thus afforded of the truth of the hypothesis of Copernicus

made him its chief exponent. The time had come for man to know,
as he had never known or even dreamed of before, his true relation

to the universe of which he was so insigniiicant a part. In a single

year nearly all of these capital discoveries were made. It was truly

an era of intellectual expansion; never before and never since has

man's intellectual horizon enlarged with such enormous rapidity.

One needs little imagination to share with this ardent philosophin- the

enthusiasm of the moment when, because some, fearing the evidence

of their senses, refused to look through the slender tube, he wrote to

Kepler: "Oh, ray dear Kepler, how I wish we could have one hearty

laugh together. * * * Why are you not here? AVhat shout of

laughter we should have at this glorious folly
!

"

Galileo died in 1042, and in the same year Newton Avas born. When
21 years old he ''began to think of gravity extending to the orb of

the moon," and before the end of the century he had discovered and

established the great law of universal gravitation. Thus, at the end

of the seventeenth century the foundations of modern physics were in

place. During the eighteenth century they were much built upon

;

but it is the nineteenth that has witnessed not only the greatest

advance in detail, but the most important generalizations made since

the time of Galileo and Newton.

In endeavoring to present to the intelligent but perhaps unscientific

reader a brief review of the accomplishments of this "wonderful

' Copyright, 1901, l>y the Sun Printing and rul^lishing Association. Reprinted, by

special permission, from the Sun, New York, February 17, 1901.
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centuiy" in the domain of physics one must not attempt more than

an outline of greater events, and it will be convenient to arrange them

under the several principal subdivisions of the science according- to

the usually accepted classification.

HEAT.

Although more than one philosopher of the seventeenth and eight-

eenth centuries suggested the identity of heat and molecular motion,

the impression made was not lasting, and up to ver}' near the begin-

ning of the nineteenth century the caloric theory was accepted almost

without dispute. This theory implied that heat was a subtile fluid,

definite quantities of which were added to or subtracted from material

substances Avhen they became hot or cold. As carefully conducted

experiments seemed to show that a body weighed no more or no less

when hot than when cold, it was necessary to attribute to this fluid

called caloric the mysterious property of "imponderability;"'' that is,

unlike all forms of ordinary matter, it possessed no weight. To avoid

calling it matter it was b}^ many classed, with light, electricity, and

magnetism, as one of the imponderable agents. Various other prop-

erties were attributed to caloric, necessary to the reasonable explana-

tion of a steadily increasing array of experimental facts. It was

declared to be elastic, its particles being mutually self-repellant. It

was thought to attract ordinary matter, and an ingenious theory of

caloric was constructed, modeled upon Newton's famous but erroneous

corpuscular theory of light. During the latter part of the eight-

eenth century Joseph Black, professor in the universities of Glasgow

and Edinburgh, developed his theory of latent heat, Avhich, although

founded upon a false notion of the nature of heat, was a most impor-

tant contribution to science. The downfall of the caloric theory umst

be largely credited to the work of a famous American who published

the results of his experiments just at the close of the eighteenth

centurv.

Benjamin Thompson, known as Count Rumford, was born in the

town of Woburn, Mass., in 1753. His inclination toward physical

experimentation was strong in his early youth, and he received much
instruction and inspiration from the lectures of Prof. John Winthrop,

of Harvard College, some of which he was enabled to attend imder

trying conditions. Having received special official consideration by

appointment to office under one of the colonial governors, he was

accused at the breaking out of the Revolutionary war of a leaning

toward Toryism, and was thus prevented from making his career

among his own people. At the age of 22 years he fled to England,

returning to America only for a brief period in command of a British

regiment. In England he soon became eminent as an experimental

philosopher, and in 1778 became a Fellow of the Royal Society. He
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afterwards entered the service of the Elector of Bavaria, by whom he
\va,s made a count of the Holy Roman Empire. In 1799 he returned
to London and founded the "Royal Institution," which was destined
during- the next hundred years to surpass all other foundations in the
richness and importance of its contributions to physical science". It

was while at Munich that Rumford made his famous experiments in

the nature of heat, to which he had been led by observing the great
amount of heat generated in the boring of cannon. Finding that he
was able to make a considerable quantity of water actually boil by the

heat generated by a blunt boring tool, he concluded that the supply of

heat from such a source was practically inexhaustible and that it could

be generated continuously if only the motion of the tool under friction

was kept up. He declared that anything which could thus be produced
without limitation by an insulated body or system of bodies could not

possibly be a material substance, and that under the circumstances of

the experiment the only thing that was or could be thus contiiuiously

communicated was motion.

Count Rumford's conclusions were not accepted for a long time.

Davy, the brilliant professor and eloquent lecturer at the newly estab-

lished Royal Institution, espoused the mechanical theory of heat, and

made the striking experiment of melting two pieces of ice by rubbing

them together remote from anj^ source of heat. His contemporary.

Thomas Young, who overturned Newton's corpuscular theory of light

and showed that it was a wave phenomenon, also advocated Rumford's

notion of the nature of heat; but even among physicists of high rank

it had made little headway as late as the middle of the nineteenth cen-

tury. In the eighth edition of the Encyclopedia Britannica, published

in 1856, the immediate predecessor of the current issue, heat is defined

as a ''material agent of a peculiar nature, highly attenuated." And

this in spite of the fact that previous to that date the mechanical theory

had l)een completely proved by the labors of Mayer, Joule, Helmholtz,

and William Thomson (Lord Kelvin). By these men a solid founda-

tion for the theory had been found in a great physical law of such

importance that it is justly considered to be the most far-reaching gen-

eralization in natural philosophy since the time of Newton. Some

account of this law and its discovery will be given later in this paper.

Among the most important of the century's contributions to our

knowledge of heat must be included the work of Fourier, as embodied

in his Theorie Analytique de la Chaleur, published in 1822. Joseph

Fourier was born in 1768 and died in 1830. He belonged to that

splendid group of philosophers of which the French nation may always

be proud, whose work constitutes a large part of the luster of intel-

lectual France during her most brilliant period, the later years of the

eighteenth and the earlier years of the nineteenth century. His con-

temporaries included such men as Laplace, Arago, Lagrange, Fresnel,

SM 1900 23
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and Carnot. Fourier wrote especially of the movement of heat in

solids, and as his thesis depended in no wa}" on the nature of heat it

will alwaj^s be regarded as a classic. His assumption that conduc-

tivity was independent of temperature was shortly proved to be

erroneous, but his general argument and conclusions were not greatly

ati'ected bv this discovery. His work is one of the most beautiful

examples vet produced of the application of mathematics to physical

research, and mathematical and physical sciences were equally enriched

b}" it. In its broader aspects his law of conduction includes the trans-

fer of electricity in good conductors and is the real basis of Ohm's law.

One of the most skillful and successful experimenters in heat was

also a Frenchman, Henri Victor Kegnault (1810-1878). He greatly

improved the construction and use of the thermometer, and was the

tirst to fliscover that the indications of an air thermometer and one of

mercury did not exactly agree, because thej^ did not expand in the same

degree for equal increases of temperature. His most important work
was on the expansion of gases, vapor pressure, specific heat of water,

etc., and for careful, patient measuring he had a positive genius.

Until he proved the contrary it had been assumed that all gases had the

same coefficient of expansion, and Boyle's law that the volume of a gas

was inversel}' proportional to its pressure had not been questioned.

His tables of the elastic force of steam have been of immense practical

value, but his studies of the expansion of gases are of greater interest,

because they have pointed the way to one of the most important

accomplishments of the century, the liquefaction of all known gases.

During the earlier years of this century it was the custom to con-

sider vapors and gases as quite distinct forms of matter. Vapors

always came, b}^ evaporation, from liquids and could alwaj^s be "con-

densed" or reduced to the liquid form without difficulty, but it was

not thought possible to liquefy the so-called "permanent" gases. The
first man to attack the problem systematically was Michael Faraday,

who before the end of the tirst third of the century had liquefied sev-

eral gases, mostly by reducing them by chemical reactions under pres-

sure. Several of the more easily reducible gases or vapors, such as

ammonia, sulphurous acid, and probably chlorine, had been previously

liquefied by cold; but a quarter of a century elapsed after Faraday's

researches before the true relation of the liquid and gaseous states of

matter was understood, and it was found that both increase of pres-

sure and lowering of temperature were, in general, essential to the

liquefaction of a gas. It was Thomas Andrews, of Belfast, who first

showed in a paper published in 1863 that there was a continuity in

the liquid and gaseous states of matter; that for each substance there

was a critical temperature at which it became a homogeneous fluid,

neither a liquid nor a gas; that above this temperature great pressure

would not liquefy, while below it the substance might exist as partly
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liquid and partly gas. He pointed out the fact that for the so-called

permanent g-a.se.s this critical temperature must be exceedingly low
and if such temperature could be reached liquefaction would follow.

Subsequent progress in the liquefaction of gases came about by fol-

lowing this suggestion. Very low temperatures were produced by
subjecting the gas to great reduction in volume by pressure, remov-
ing the heat of compression by conduction and radiation, and then by
sudden expansion its temperature was greatly lowered. As early as

1877 two Frenchmen, Pictet and Cailletet, had succeeded in liquefy-

ing oxygen, hydrogen, nitrogen, and air. During the past twenty
years great improvements have been made in the methods of accom-

plishing these transformations, so that to-day it is eas}" to produce

considerable quantities of all of the principal gases in a liquid form,

and by carrying the reduction in temperature still further portions of

the liquid may be changed to the solid state. The most important

work along this line has been done by Wroblewski and Olszewski of

the University of Kracow, and Professor Dewar, of the Ro\'al Institu-

tion of London. Temperatures as low as about 250° C. below the

freezing point of water have been produced, the "absolute zero''

being only 273° C below that point. These experiments promise to

throw much light on the nature of matter and are especiall}^ interest-

ing as revealing its extraordinary properties at extremely low tem-

peratures. Among the most curious and suggestive is the fact that

the electrical resistance of pure metals diminishes at a rate which indi-

cates that at the absolute zero it would vanish and these metals would

become perfect conductors of electricity.

The dynamics of heat, or •' thermodynamics,"' was an important field

of research in the early part of the century, on account of its practical

application to the improvement of the steam engine. The science was

created by Carnot, who, in spite of the fact that his views regarding

the nature of heat were erroneous, discovered some of the most inter-

esting relations among the quantities involved and discussed their appli-

cations to the heat engines with great skill. Subsequent contributors

to the theory and practice of thennodynamics were Clausius, Kankine,

Lord Kelvin, and Professor Tait.

The mechanical theory of heat naturally led up to what has already

been referred to as the most important generalization in physical sci-

ence since the time of Newton—the doctrine of

THE CONSERVATION OF ENERGY.

This principle puts physics in its relation to energy where chemistry

has long been in its relation to matter. If matter were not conserva-

tive, if it could be created or destroyed at will, chemistry would be an

impossible science. Physics is put upon a solid foundation by the

assumption of a like consei-vatism in energy; it can neither be created
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nor destroyed, although it may appear in many different forms which

are in general mutually interconvertible.

Many men have contributed to the establishment of this great prin-

ciple, but it was actually discovered and proved by the labors of three

or four. Although it was practically all done before the middle of

the nineteenth century, its general popular recognition did not come
until a quarter of a century later. The doctrine was first distinctly

formulated by Robert Mayer, a German physician, who published in

1842 a suggestive paper on "The forces of inorganic nature," which,

however, attracted little or no attention. Mayer had not approached

the problem from an experimental standpoint. At about the same

time it was attacked most successf uU}" from this side by a young Eng-

lishman, James Prescott Joule, son of a wealthy brewer of Manchester,

England. Joule made the first really accurate determination of the

mechanical equivalent of a given quantity of heat, a physical <-onstant

which Rumford had tried to measure, reaching only a rough approxi-

mation. Substantially Joule's result was that the heat energy ncces-

sar}^ to raise the temperature of any given mass of water 1'-' F. is the

equivalent of the mechanical energy required to lift that mass through

a height of 772 feet against the force of the earth's attraction, and, con-

versely, if a mass of water be allowed to fall through a distance of 772

feet under the action of gravity and at the end of its motion be instantly

arrested, the heat generated will sufiice to raise its temperature 1 F.

Of such vast importance is this numerical coeflicient that it has })een

called the "golden number" of the nineteenth centmy. Since Joule's

time it has been redetermined by several physicists, notabl}' ]>y Pro-

fessor Rowland, of Baltimore, the general conclusion being that Joule's

number was somewhat, but not greatly, too small.

The first clear and full exposition of the doctrine of the conserva-

tion of energy was given by Joule in a popular lecture in Manchester

in 1847, but it attracted little attention until a few months later, when
the author presented his theor}- at a meeting of the British Association

for the Advancement of Science. Even among scientific men it would

have passed without comment or consideration had it not been for the

presence of another 3'oung Englishman, then as little known as Joide

himself, who began a series of remarks, appreciative and critical,

which resulted in making Joule's paper the sensation of the meeting.

This was William Thomson, who had been only a year before, at the

age of 22 years, appointed professor of natural philosoph}^ at the

University of Glasgow, now known as Lord Kelvin, the most versatile,

brilliant, and profound student of physical science which the century

has produced. From that day to the death of Joule (1889) these two

men were closely associated in the demonstration and exploitation of

a great principle of which they were at first almost the sole exponents

among English-speaking people.
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By an inteivstino- coincidence, in the same year in which Joule
announced the result of his experiments the Physical Society of
Berlin listened to a paper almost identical with Joule's in character
and conclusions, but prepared quite independently, by a young German
physician. Herman von Helmholtz, destined to rank at the time of his

death (in 1893) as one of the very first mathematicians of the age,

dou>)tless the first physiologist of his time, and as a physicist with
whom not more than one other of the nineteenth century can be com-
pared. Helmholtz's paper was rejected by the editor of the leading

scientific journal of (xermany, ])ut his work was so important that he
must always share with Joule and Kelvin in the glory of this epoch-

making generalization.

Even a brief sketch of the historj' of the doctrine of the conserva-

tion of energy would be incomplete if mention were not made of the

work of Tyndall. Although by original research he contributed in no

small degree to the demonstration of the theory, it is mainly through

his wonderful skill in popular presentation of the principles of phys-

ical science that he becomes related to the great movement in the middle

of the centiny. His masterful exposition of the new theory in a

course of lectures at the Royal Institution, given in 1862 and published

in 1863 under the title " Heat as a mode of motion," was a means

of making the intelligent pul)lic acquainted with its beauty and pro-

found significance, and the histor}^ of science aflords no more admira-

ble example of the possibilities and wisdom of popular scientific

writing than this book. As for the principle of the conservation of

energy itself, it is not too nuich to say that during the last half of

the century it has been the guiding and controlling spirit of all scien-

tific discovery, or of invention through the application of scientific

principles.

LIGHT.

The revival and final establishment of the undulatory or wave theory

of light is one of the glories of the nineteenth century, and the credit

for it is due to Thomas Young, an Englishman, and Fresnel, a French-

man. Newton had conceived, espoused, and, owing to the great

authority of his name, almost fixed upon the learned world the cor-

puscular or emission theory, which assumes that all luminous bodies

emit streams of minute corpuscles which are reflected, refracted, and

produce \'ision. Many ordinary optical phenomena were explained by

this hypothesis only with great difliculty, and some were quite unex-

plainable. The transmission of a disturbance or vibratory motion by

means of waves, as in the case of sound, was a well-recognized princi-

ple, and Young and Fresnel applied it most successfully to the phe-

nomena of light. Wave motion in a general way is only possible in a

sensibly continuous medium, such as water, air, etc., and the theory
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that light was a vibratory disturhanoe transmitted by means of waves

necessitated the assumption of the existence of such a medium through-

out all space in which light traveled. What is known as the ethereal

medium, at first a purely imaginary substance, but whose real exist-

ence is practically established, satisfies this demand, and the hypothesis

that light is transmitted by waves in such a medium, originating in a

vi))ratory disturbance at the source, has been of inestimable valu(^ to

physical science.

The work of Thomas Young was done in the very first years of the

nineteenth century. He was for two years professor of natural phi-

losophy' in the Royal Institution just founded by Count Rumford, and

was the first to fill that chair. In 1801, in a paper presented to the

Royal Societ}', he argued in favor of the undulatory theor}^, showing

how the interference of waves would explain the color of thin plates.

His papers were not for several years received favorably, and they

were severely criticised by Lord Bi-ougham. Augustus Fresnel fol-

lowed Young, ])ut quite independently, about ten years later, and b}'

him the undulatory theory received elaborate experimental and math-

ematical treatment.

In the meantime another Frenchman had made a capital discovery

in optics, which seemed at first to be quite incompatible with the wave
theory. This was the discovery of what is known as polarization of

light, by Malus, a French engineer, who hit upon it while investigating

double refraction of crystals, for a study of which the French Institute

had ofi'ered a prize in 1808. Malus found that when light fell upon a

surface of glass at a certain angle a portion of the reflected light

appeared to have acquired entireh^ new properties in regard to further

reflection, and the same was true of that part of the beam which was

transmitted through the glass. The light thus aflfected was incapable

of further reflection under certain conditions and as the beam seemed

to behave diflerently according to how if was presented to the reflect-

ing surface the term polarization was applied to the phenomenon. It

was found that the two rays into which a single beam of light was split

by a doubly refracting crystal (a phenomenon which had long been

known) were affected in this way, and that light was polarized by
refraction as well as by reflection. Malus was a believer in the cor-

puscular theory of light; but it was shortly proved, first by Thomas
Young, that the phenomenon of polarization was not onl}- not opposed

to the wave theory, but that that tht^ory furnished a rational explana-

tion of it. This explanation, in brief, assumes that ordinary light is

a wave produced by a vibratory motion confined to no particular plane,

the direction of vibration being at right angles to the direction of the

wave and in any or in rapid succession in all azimuths. When light

is polarized, the vibratory motion in the ether is restricted to one par-

ticular form, a line if plane polarized, a circle or an ellipse if circu-
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lark or elliptically polarized. Tliis siiuplo hypothesis has been found
quite adequate, and through its application to the various phenomena
of polarization, together with the application of Young's theory of
the interference of wa\'es to the production of color, the undulatory
theory of light was iirnily established before the middle of the cen-

tury. There were many noted philosophers, however, who stood out
long against it, notably Brewster, the most famous English student of

optics of the early part of the century, who declared that his "chief
objection to the undulatory theory was that he could not think the

Creator guilty of so clumsy a contrivance as the filling of space with

ether in order to produce light."

In studying the nature of light it became very important to know
how fast a light wave traveled. A tolerably good measure of the

velocity of light had been made long before by means of the eclipses

of Jupiter's moons and by observations upon the positions of the

stars as influenced by the motion of the earth in its orbit. It was
found to be approximately 180,000 miles per second, a speed so great

that it seemed impossible that it should ever be measured by using

only terrestrial distances. This extremely difficult problem has been

solved, however, in a most satisfactory manner b}^ nineteenth century

physicists. Everybodj" knows that in a uniform motion velocity is

equal to space or distance divided l)y time. If, then, the time occu-

pied in passing through a given distance can be measured, the velocity

is at once known. As the velocity of light is very large, unless the

distance is enormously great the time will be extremely small, and

if moderate distances are to be used, the problem is to measure very

small intervals of time very accurately. Light will travel 1 mile in

about the one hundred and eighty-sixth thousandth part of a second,

and if by using a mile as the distance the velocity of light is to be

determined within 1 per cent, it is necessary to be able to detect dif-

ferences of time as small as about one-twenty-millionth of a second.

This has been made possible by the use of two distinct methods.

Foucault, on the suggestion of Arago, used a rapidly revolving mir-

ror, a method introduced by Wheatstone, the English electrician, who

used it in finding the duration of an electric spark. The essential

principle is that a mirror may be made to revolve so rapidly that it

will change its position by a measurable angle while light which has

been reflected from it passes to a somewhat distant fixed mirror and

returns to the moving reflector. In the other method a toothed

wheel is revolved so rapidly that a beam of light passing between two

consecutive teeth to a distant fixed mirror is cut off on its return to the

wheel by the tooth which has moved forward while the light has made

its journey. This method was first used by Fizeau. In either method,

if the speed of rotation is known, the time is readily found. In point

of time Fizeau was the first to attack the problem, which he did about
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184U. Fouoault WHS perhaps a year later in g-ettino- ivsnlts. 1mt his

method is general!}' considered the best. Both uietliods have ])een

used by other experimenters, and very important improvements

in Foucault's method were made in the United States about 1878.

Micheison's method increased enormousl}' the precision of the

measurements, and it has been applied by him and by Newcoml), not

only for the better determination of the velocity of light in air, but

for the solution of many other related problems of first importance.

Micheison's final determination of the absolute velocity of light (in

the ether) is everywhere accepted as authoritative.

Another discovery in optics, entirelv accomplished during the nine-

teenth centur}" and of the very first importance, is generally known as

spectrum analysis. This discovery has not yet ceased to excite admi-

ration and even amazement, and especially among those who best

understand it. B3" its use hitherto unknown substances have become

known; to the physicist it is an instrument of research of the greatest

power, and, perhaps more than anything else, it promises to throw

light on the ultimate nature of matter; to the astronomer it has

revealed the composition, physical condition, and even the motions of

the most distant heavenly bodies, all of which the philosophy of a

hundred years ago would have pronounced absolutely impossible.

The beginning of spectrum analysis was in 1802, when an English-

man, Dr. Wollaston, observed dark lines interrupting the solai- spec-

trum when produced by a good prism upon which the sunlight fell

after passing through a narrow slit. A])Out ten years later Fraun-

hofer, of Munich, a skillful worker in glass and a keen observer, dis-

covered in the spectrum of light from a lamp two yellow bands, now
known as the sodium or "D" lines. Combining the three essential ele-

ments of the modern spectroscope—the slit, the prism, and the observ-

ing telescope—he saw in the spectrum of sunlight "an almost countless

number of dark lines." He was the first to use a grating for the pro-

duction of the spectrum, using at first fine wire g'ratings and after-

wards ruling fine lines upon glass, and with these he made the first

accurate measures of the length of light waves. He did not, however,

comprehend the full import of the problem which he thus brought to

the attention of physicists. Al)Out twenty years hiter Sir flohn Her-

schell studied the bright-line spectra of ditt'ei-ent substances and found

that they might be used to detect the presence of minute quantities of

a substance whose spectrum was known. Wheatstone studied the

spectrum of the electric arc passing between metals, and in 1847 Dr.

J. W. Draper published a very important paper on the spectra of

solids with increasing temperature. Although quite in the dark as to

the real nature of the phenomena with which they were dealing, these

observers paved the way for the splendid work of the two Germans,

Kirchofi' and Bunseu, who, about 1860, found the key to this wonderful



PROGRESS IN PHYSICS. 325

pr()l)lein ajid iiiado tho science of s])ccti'uiu uiialy.sis siil>st:iMti:illv whiit

it i.s to-day. Its fundamental principles may be considered as finv and
comparatively simple.

Waves of light and radiant heat originate in ether disturbances pro-

duced by molecular vibration and have impressed upon them all of

the important qualities of that vibration. Molecules of different sub-

stances differ in their modes of vibration, each producing a wave pecul-

iar to and characteristic of itself. A useful analogy may be found in

the fact that when one listens to the music of an orchestra without

seeing it, it is easy to recognize the tones that come from each of the sev-

eral instruments, the characteristic vil)rations of each being impressed

upon the waves in air which carry the sound to the ear. So delicate

and so sure is this impr<^ssion of vibration peculiarities that it is pos-

sible even to know the maker of a \nolin, for instance, b}- a character-

istic timbre which must have its physical expression in the sound wave.

The ear, more perfect than the eye. analyzes the resultant disturbance

into its component parts, so that each element may l)e attributed to its

proper source. Unaided the eye can not do this with light, but the

spectroscope separates the ^'arious modes of vibration which make up

the confused whole, so that varieties of molecular activity" are recog-

niza1)le. The speed at which a source of sound is approaching or

receding from the ear can })e ascertained by noting the rise or fall in

pitch due to the crowding together or stretching out of the sound

waves, and in the same way the motion of a luminous l)ody is known

from the increase or decrease of the refrangibility of the elements of

its spectrum.

Indeed, had nineteenth century science accomplished nothing else

than the discovery of spectrum analysis, it would have marked the

beginning of a new epoch. By this device man is put in communica-

tion with every considerable body in the universe, including even the

invisible. The "goings on" of Sirius and Algol, of Orion and the

Pleiades, are reported to him across enormous stretches of millions of

millions of miles of space, empty save of the ethereal medium itself,

by this most wonderful "wireless telegraphy." And it is by the

vibratory motion of the invisibly small that all of this is revealed;

the infinitely little has enabled us to conquer the inconceivably big.

Many important contributions to the theory and practice of spec-

trum analysis have been made since the time of Kirchoff and Bunsen,

only two or three of which can be referred to here. Instrumental

methods by which spectra are produced and examined have been

greatly perfected, and this is especially true of what is known as the

"diffraction grating," first used by Fraunhofer. A quarter of a cen-

tury ago Rutherfurd, of New York, constructed a ]-uling engine, by

means of which gratings on glass and spectrum metal were ruled with

a precision greatly exceeding what had before been possible. A few
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years later Rowland, of Baltimore, made a notable advance in the con-

struction of a screw fai'more perfect than any before made, producing

gratings of a iineness and regularity of .spacing far ahead of any

others, and especially by a capital discovery of the concave grating,

by means of which the most beautiful results have been obtained.

Very recently, Michelson, of Chicago, has invented the echelon spec-

troscope, which, although greatly restricted in range, exceeds all

others in power of analysis of spectral lines. In his hands this instru-

ment has been most effective in the study of the influence of a strong

magnetic field upon the character of the spectrum from light produced

therein, a most interesting phenomenon, first observed by Zeeman,

which promises to reveal much concerning the relation of molecular

activity to light and to magnetic force.

The development of spectrum analysis was necessarily accompanied

by a recognition of the identity of radiant heat and light. The stud}^

of radiant heat, which was carried on during the earlier 3^ears of the

century by Leslie, and later Ijv Melloni and Tyndall, by what might

be called thermal methods, has been industi'iously pursued during the

last two decades by processes similar to those adopted for visual radi-

ation. The most notable contribution to this work is the invention of

the bolometer by Langley, who, at Allegheny and later at Washing-

ton, has made exhaustive studies of solar radiation in invisible.regions

of the spectrum, especially among the waves of greater length than

those of red light. whei"e he has found absorption lines and bands

simOar in character to those observed in the visible spectrum. He
has also studied the absorption of the earth's atmosphere, the relation

of energ}^ to visual effect, and many other interesting problems, the

solution of which was made possible by the use of the bolometer.

Mention must also be made of the invention b}^ Michelson of an

interference comparator, by means of which linear measurements by

optical methods can be accomplished with a degree of accuracy hith-

erto unheard of. With this instrument Michelson has determined the

length of the international prototj^pe meter in terms of the wave

length of the light of a particular spectral line, thus furnishing for

the first time a satisfactor}^ natural unit of length.

By far the most important contribution to the theory of light made
during the last half of the century is that of Maxwell, who, in 1873,

announced the proposition that electro-magnetic phenomena and light

phenomena have their origin in the same medium and that they are

identical in nature. This far-reaching conclusion has been generally

accepted and forms the basis of much of the most important work in

physical research in process of elal)oration as the century closes. To
some of this reference will presently be made.
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ELK("TRI< TT'i AM) MAONETI8M.

In no other department of physical science have such remarkable
developments occurred during the past century as in electricity and
magnetism, for in no other department have the practical applications

of scientific discovery been so numerous and so far-reaching in their

effect upon social conditions. In a brief review of the contributions

of the nineteenth century to the evolution of the telegraph, telephone,

trolley car, electric lighting, and other means of utilizing electricity, it

will be possible to consider only a very few of the fundamental discov-

eries upon which the enormous and rather complex superstructure of

to-day rests. Happily these are few in number, and their presenta-

tion is all the more important because of the fact that in the popular

mind they do not receive that signilicance to which the}" are entitled,

if, indeed, they are remembered at all.

The first great step in advance of the electricity of Franklin and his

contemporaries (and his predecessors for two thousand years) was taken

very near the end of the eighteenth century, but it must be regarded

as the beginning of nineteenth century electricity. Two Italian

philosophers, Galvani and Volta, contributed to the invention of what

is know^n as the galvanic or voltaic battery, the output of which was

not at lirst distinctly recognized as the electricit}" of the older schools.

By this beautiful discovery electricity was for the first time enslaved

to man, who was now able to generate and control it at such times and in

such quantities as he desired. Although the voltaic batter}^ is now

nearly obsolete as a source of electricity, its invention must alwaj^s be

regarded as one of the three epoch-making events in the history of

the science during the past one hundred and twenty years. For

three-quarters of a century it was practically the only source of elec-

tricity, and during this time and by its use nearly all of the most

important discoveries were made. Even in the first decade of the

century many brilliant results were reached. Among the most not-

able were the researches of Sir Humphry Davy, who, by the use of

the most powerful battery then constructed, resolved the hitherto

unyielding alkalies, discovering sodium and potassivmi, and at the

same time exhibited in his lectures in the Royal Institution in London

the first electric arc light, the ancestor of the millions that now turn

night into day.

The cost of generating electricity by means of a voltaic battery is

relatively very great, and this fact stood in the way of the early devel-

opment of its applications, although their feasibility was perfectly

well understood. Without any other important invention or discovery

than that of the voltaic battery much would have been possible, includ-

ing both electric lighting and the electric telegraph. Indeed, electric

telegraphy had long been a possibility, even before the time of Gal-

vani and Volta, but its actual construction and use were almost neces-
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sai'ily postponed until a second capital discoveiy camo to remove most

of the difficulties.

This was the discovery of a relation between electricity and. mag-
netism, the existence of which had long been suspected and earnestly

sought. A Danish professor, Hans Christian Oersted, was fortu-

nate in hitting upon an experiment which demonstrated this relation

and opened up an entirely new field of investigation. What Oersted

found was that when a conductor, as a copper wire, carrying an elec-

tric current was brought near a freely suspended magnet, like a com-

pass needle, the latter would take up a definite position with reference

to the current. Thus an electric current moved a magnet, and acted like

a magnet in producing a ''magnetic field." The subject was quickly

taken up by almost every physicist in Europe and America. Arago
found that iron tilings would cling to a wire through which a current

was passing, and he was al)le to magnetize steel needles by means of

the current. Ampere, another French physicist, studied Oersted's

wonderful discovery both experimentally and mathematically and in

an incredibly short time so developed it as to deserve the title of cre-

ator of the science of electro-dynamics.

The first to make what is known as an electro-magnet was an Eng-

lishman named Sturgeon, who used a bar of soft iron bent in a horse-

shoe form (as had long been common in making permanent steel mag-

nets), and after varnishing the iron for insulation wrapped a single coil

of copper wire about it through which the current from a battery was

passed. There were thus two ways of producing visible motion by

means of an electric current, that of Oersted's simple experiment, in

which a suspended magnetic needle was deflected b}^ a current, and

that made possible ))v the production, at will, of an electro-magnet.

The application of both of these ideas to the construction of an electric

telegraph was quickW attempted, and two difierent systems of teleg-

raphy grew out of them. One, depending on Oersted's experiment,

was developed in England first and afterwards in Europe; the other,

that involving the use of signals produced b}^ an electric magnet, was

developed in America and was generally known as the American

method. It has long ago superseded the first method in actual prac-

tice. Its possibility depended on perfecting the electro-magnet and

especially on an understanding of the principles on which that per-

fecting depended. For the complete and satisfactory solution of this

problem we are indebted to the most famous student of electricity

America has produced during the century, Joseph Henry.

In 1829, while a teacher in the academj'^ at Albany, N. Y., Henry

exhibited an electro-magnet of enormously greater power than any

before made, involving all of the essential features of the magnet of

to-day. The wire was insulated by silk wrapping, and many coils were

placed upon the iron core, the intensity of magnetization l)eiiag thus
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uialtii)lied. Henry studied also the best form and aiTant,^enient of the
battery under varying conditions of the conductor.

^
An electro-

mao-netic telegraph had been declared impossible in 1825 by Barlow, an
Englishman, who pointed out the apparently fatal fact that the resistance
offered to the current was proportional to the length of the conducting
wire, and that the strength of the current would be thus so much
reduced, for even short distances, as to become too feeble to be detected.

Henry showed that what is known as an "intensity battery" would
overcome this difficulty, discovering experimentally and independently
the beautifully simple law showing the relation of current to electro-

motive force which Ohm had announced in 1827. He also invented
the principle of the relay, by which the action of a very feeble current

controls the operation of a more powerful local system. It will thus

be seen that the essential features of the so-called American system of

telegraphy are to be credited to Henrv, who had a working line in his

laboratory as early as 1882.

Morse made use of the scientific discoveries and inventions of Henry,
and by his indefatigable labors and persistent faith the commercial

value of the enterprise was realh^ established. In the meantime con-

siderable progress was made in Europe. Baron Schilling, a Russian

councilor of state, devised and exhibited a needle telegraph. The two

illustrious German physicists, Gauss and Weber, established a success-

fully working line 2 or 3 miles long in 1833, and this system was com-

mercially developed by Steinheil in 1837. In England, Sir Charles

Wheatstone made man}^ important contributions, although using the

needle system, which was afterwards abandoned. Before the middle

of the century the commercial success of the electro-magnetic telegraph

was assured, and in the matter of the transmission of messages distance

was practicallv annihilated.

Oersted, Arago, Ampere, Sturgeon, and Henry had made it possible

to convert electricity into mechanical energy. Motors of various

types had been invented, and the possibility of using the new source

of power for running machiner3^ cars, boats, etc., was fully recognized.

Several attempts had been made to do these things, but the great cost

of producing the current by means of a battery stood in the w&y of

success. Another epoch-making discovery was necessary—namely, a

method of reversing the process and converting mechanical energy

into electricity. This was supplied by the genius of Michael Faraday,

who had succeeded Davy in the Royal Institution at London. In 1831

Faraday discovered induction, the key to the modern development of

electricity. He showed that while Oersted had proved that a current

of electricity would generate a magnetic field and set a magnet in

motion, this process was reversible. A magnet set in motion in a mag-

netic field by a steam engine or any other source of power would pro-

duce in a conductor properly arranged a current of electricity, and
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thus the dynamo caiiie into existence. In this brilliant investigation

he was almost anticipated by Henry, who was working at Albany along

the same lines, but under much less favorable conditions. Indeed, in

several of the most important points the American actually did antici-

pate the Englishman.

Nearly half a century elapsed before this most, important discovery

was sufficiently developed to become commercially valuable, and it is

impossible in this place to trace the steps by which during the last

quarter of a century the production and utilization of electricitj^ as

existing to-day was accomplished, as a result of which the century

closes, as one might say, in a blaze of light; and it is unnecessary,

because most people have witnessed the spread of the tire which Faraday

and Henry kindled.

Fai'aday's discovery of induction furnished th(5 basis of that mar-

velous improvement upon the telegraph by which actual speech is

transmitted over hundreds and even thousands of miles. In connec-

tion with the invention of the telephone the names of Philip lieiss,

(Jraham Bell, Elisha Gray, and Dolbear will always be mentioned, ea(;h

of whom, doubtless independently, hit upon a way of accomplishitig

the result with more or less success. To Bell, however, belongs the

honor of having first practically solved the problem, and of devising a

sj'stem which, with numerous modifications and improvements, has

come into extensive use in all parts of the world. No other application

of electricity has come into such universal use, and none has contributed

more to the comfort of life.

While it is doubtless true that since Faraday's time no discovery

comparable with his in real importance has been made, the past twenty-

five years have not lacked in results of scientific research, some of

which ma}', in the not distant future, eclipse even that in the value of

their practical applications. Among these must be ranked Clerk Max-
well's theory of electric waves and its beautiful verification in 1888 by

the young German physicist, Hertz. This 'brilliant student of elec-

tricity succeeded in actually producing, detecting, and controlling

these waves, and out of this discovery has come the
'

' wireless telegra-

phy" which has been so rapidly developed within the last few years.

Many other discoveries in electricit}^ of great scientific interest and

practical promise have been recorded in the closing j^ears of the cen-

tury, but the necessary limits of this article forbid their consideration.

No account of the progress of physical science during the nineteenth

century would be even approximately complete without mention of

other investigations of profound significance. For instance, the stud}'

of the phenomena of sound has yielded results of great scientific and

some practical value. The application of the theory of interference

by Thomas Young; the publication of Helmholtz's great work, the

Tonempfinduugen, in which his theory of harmony was first fuUy pre-
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scnted; the publication of Lord Rayloigh's treatise; the invention and
construction by Konig of acoustic apparatus, the best example yet
furnished of scientific handicraft. All of these mark important
advances, not only in acoustics, but in general physics as well. The
phonautograph of Scott and Konig, by which a graphic record of the
vibrations of the vocal cords was made possible, was ingeniously con-
verted by Edison into a speech recording and reproducing machine,
the phonograph, by which the most marvelous results are accomplished
in the simplest possible manner.

The century is also to be credited with the discovery and develop-

ment of the art of photography, which, although not of the first

impoi'tance, has contributed much to the pleasure of life, and as an aid

to scientific investigation has become quite indispensable.

The wonderfulh^ beautiful experiments of Sir William Crookes, on

the passage of an electric discharge through a high vaciuim, and other

phenomena connected with what has been called ''radiant matter,"

begun about a quarter of a century ago and continued by him and

others up to the present time, laid the foundation for the brilliant

work of Rontgen in the discovery and study of the so-called "X"
rays, the real nature of which is not yet understood. Their further

investigation by J, J. Thomson, Becquerel, and others seem to have

revealed new forms and phases of radiation, a fuller knowledge of

which is likely to throw much light on obscure problems relating to

the nature of matter.

Concerning the nature of matter, the ablest physicists of the cen-

tury have thought and written much, and doubtless our present knowl-

edge of the subject is much more nearly the truth than that of a hun-

dred years ago. The molecular theoiy of gases has met with such

complete experimental verification and is so in accord with all observed

phenomena that it must be accepted as essentially correct. As to the

ultimate nature of what is called matter, as distinguished from the

ethereal medium, what is known as the "vortex theory of atoms" has

received the most consideration. This theory was developed by Lord

Kelvin out of Helmholtz's mathematical demonstration of the inde-

structibility of a vortex ring when once formed in a medium possess-

ing the properties which are generally attributed to the ether.

Perhaps the most remarkable as well as the most promising fact

relating to physical science at the close of the nineteenth century is

the great and rapidly increasing number of well-organized and splen-

didly equipped laboratories in which original research is systematically

planned and carried out. When one reflects that for the most part

during the century just ending the advance of science was more or less

of the nature of a guerrilla warfare against ignorance, it seems safe to

predict for that just beginning victories more glorious than any yet won.





ELECTRICITY DrRIXG THE NINETEENTH CENTURY.

By Prof, Elihu Thomson.

The great importance which clectricit}- has attained in many depart-

ments of human activity is so constantly evident that we have difficulty

in realizing how short is the time which has been occupied in its

development. The latter half of the nineteenth century must ever

remain memorable, not only for the great advances in nearly all the

useful arts, but for the pecidiarly rapid electric progress, and the pro-

found effect which it has had upon the lives and business of the peo-

ple. In the preceding century we find no evidences of the applica-

tion of electricity to any useful purpose. Few of the more impor-

tant principles of the science were then known. Franklin's invention

of the lightning rod was not intended to utilize electric force, but to

guard life and property from the perils of the thunderstorm. The

numerous instructive experiments in frictional electricity, the first

known form of electric manifestation except lightning, made clear

certain principles, such as conduction and insulation, and served to

distinguish the two opposite electric conditions known as positive and

negative. Franklin's kite experiment confirmed the long-suspected

identit}' of lightning and electric sparks. It was«not, however, until

the discovery by Alexander Volta in 1799 of his pile, or battery, that

electricity could take its place as an agent of practical value. Volta,

when he made this great discovery, was following the work of Gal-

vani, begun in 1786. But Galvani in his experiments mistook the effect

for the cause and so missed making the unique demonstration that two

different metals immersed in a solution could set up an electric current.

Volta, a professor in the University of Pavia and a foreign member of

the Royal Society of England, communicated his discovery to the

president of the society in March, 1800, and brought to the notice of

the world the first means for obtaining a steady flow of electricity.

Before this event electric energy had been known to the experimenter

in pretty effects of attraction and repulsion of light objects, in fitful

flashes of insignificant power, or as it appeared in nature, in the fearful

bursts of energy during a thunderstorm, uncontrolled and eiTatic. The
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analogous and clost'ly related phenomena of magnetism had already-

found an important application in the navigator's compass.

The simplest facts of electro-magnetism, upon which much of the

later electrical developments depend, remained entirely unknown until

near the close of the first (juarter of the nineteenth century. Mag-
netism itself, as exempliiied in loadstone or in magnetized iron or

steel, had long before ])een consistently studied by Dr. Gilbert, of

Colchester. England, and in U'AH) his great work, De Magnete, was

pul)lished. It is a first example, and an excellent on(\ too, of the

application of the inductive method, so fruitful in after years. The

restraints which' a superstitious agi' had imposed upon nature stud}^

were gradually removed, and at the beginning of the century just past

occasional decided encouragement ]>egan to be given to ])hysi(al

research. It was this condition wliich put into the hands of llumpluy

Diivy, of the Royal Institution in London, at the opening of the cen-

tury, a voltaic battery of some 250 pairs of plates. With this a

remarkal)ly fruitful era of electric discovery })egan. In 1802 Davy
first showed the electiic arc or *' arch '' on a small scale between pieces

of carbon. He also laid the foundation for futui'e electro-chemical

work ])y decomposing l)y the batt(M"v current potash and soda, and thus

isolating the alkali metals potassium and sodium for the first time.

This Avas in 1807, and the result was not only greatly to advance the

youthful science of chemistry, but to attract the attention of the world

to a new power in the hands of the scientific worker, the electric cur-

rent. A fund was soon sul)scribed by "a few zealous cultivators and

patrons of science" interested in the discovery of Davy, and he had at

his service in 1801 no less than 2,000 cells of voltaic battery. With
the intense currents obtained from it he again demonstrated the won-

'derfid and brilliant phenomenon of the electric arc by closing the cir-

cuit of the battery through terminals of hard-wood charcoal and then

separating them for a short distance. A magnificent arch of flame was

maintained between the separated ends, and the light from the charcoal

pieces was of dazzling splendor. Thus was born into the world the

electric arc light, of which there are now hundreds of thousands burn-

ing nighth" in our countr}' alone.

Dav}^ probably never imagined that his ])rilliant experiment would

soon play so important a part in the lighting of the world. He may
never have regarded it as of any practical value. In fact, man}' 3^ears

elapsed before any further attempt was made to utilize the light of the'

electric arc. The reason for this is not difiicult to discover. The bat-

teries in existence were crude and gave onl}' their full power for a very

short time after the circuit was closed. They were subject to the very

serious defect of rapid polarization, whereby the activity was at once

reduced. A long period elapsed before this defect was removed.

Davy, in his experiments, had also noted the very intense heat of the
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electric arc and found that but few substances escaped fusion or vola-
tilization when placed in the heated stream between the carbon
electrodes. Here again he was pioneer in every important and quite
recent electric work, employing the electric furnace, which has already
given rise to several new and valuable industries.

The conduction of electricity along wires naturally led to efforts to
employ it in signaling. As early as 1774 attempts were made by Le
Sage of Geneva to apply frictional electricity to telegraphy. His
work was followed before the close of the century by other similar

proposals. Volta's discovery soon gave a renewed impetus to these

efforts. It was easy enough to stop and start a current in a line of

wire connecting two points, but something more than that was requi-

site. A good receiver, or means for recognizing the presence or

absence of current in the wire or circuit, did not exist. The art had
to wait for the discovery of the effects of electric currents upon mag-
nets and the production of magnetism b}^ such currents. Curiously,

even in 1802, the fact that a wire conveying a current would deflect a

compass needle was observed by Romagnosi, of Trente, but it was
afterwards forgotten, and not until 1819 was any real advance made.

It was then that Oersted, of Copenhagen, showed that a magnet
tends to set itself at right angles to the wire conveying a current, and

that the direction of turning depends on the direction of the current.

The study of the magnetic effects of electric currents by Arago and

Ampere, and the production of the electro-magnet b}' Sturgeon, to-

gether with the ver}' valuable work of Henry and others, made possi-

ble the completion of the electric telegraph. This was done b}^ Morse

and Vail in America, and almost simultaneous!}' by workers abroad;

but before Morse had entered the field Prof. Joseph Henry had exem-

plified by experiments the working of electric signaling by electro-

magnets over a short line. It was Henry, in fact, who first made a

practically useful electro-magnet of soft iron. The history of the

electric telegraph teaches us that to no single individual is the inven-

tion due. The Morse system had been demonstrated in 1887, but not

until 1844 was the first telegraph line built. It connected Baltimore

and Washington, and the funds for defraying its cost were obtained

from Congress only after a severe struggle. This can be easily under-

stood, for electricity had not up to that time ever been shown to have

any practical usefulness. The success of the Morse telegraph was

soon followed by the establishment of telegraph lines as a means of

communication between all the large cities and populous districts.

Scarcely ten years elapsed before the possibility of a trans-Atlantic

telegraph was mooted. The cable laid in 1858 was a failure. A few

words passed and then the cable broke down completely. This was

found to be due to defects in construction. A renewed effort to lay a

cable was made in 1866, but disappointment again followed; the cable
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bi'oko in mid ocean and the work ag-ain ceased. The great task was suc-

cessfully accomplished in the following year, and the pluck and perti-

nacity of those who were staking their capital, if not their reputation for

business sagacity, were amply rewarded. Even the lost cable of 1866

was found, spliced to a new cable, and completed soon after as a sec-

ond working line. The delicate instruments for the working of these

long cables were due to the genius of Sir William Thomson, now Lord

Kelvin, whose other instruments for electi'ical measurement have for

years been a great factor in securing precision both in scientific and

pi-actical testing. The number of cables joining thi^ Pjastern and West-

ern hemispheres has been increased from time to time, and the open-

ing of a new cable is now an ordinary occurrence calling for little or

no especial note.

The introduction of the electric telegraph was followed by the inven-

tion of various signaling systems, the most important being the fire-

alarm t(4egraph as suggested by Channing and worked out by Farmer.

We now, also, have automatic clock systems, in which a master clock

controls or gives movement to the hands of distant clock dials by elec-

tric currents sent out over the connecting or circuit wires. Automatic

electric signals are made when fire breaks out in a building, and alarms

are similarly rung when a burglar breaks in. Not only do we have

telegraphs which print words and characters—as in the stock " ticker "

—

but in the form known as the teleautograph, invented by Dr. Elisha

Gra}^, the sender writes his message, which writing is at the same time

being reproduced at the receiving end of the line. Even pictures or

drawings are "wired" by special instruments. The desirability of

making one wire connecting two points do a large amount of work,

and thus avoiding the addition of new lines, has led to two remarkable

developments of telegraphy. In the duplex, quadruplex, and multi-

plex systems several messages may at the same time be traversing a

single wire line Avithout interference one with the other. In the rapid

automatic systems the working capacity of the line is increased by

special automatic transmitting machines and rapid recorders, and the

electric impulses in the line itself follow each other with great speed.

Improvement in this field has by no means ceased, and new systems

for rapid transmission are yet being worked out. The object is to

enlarge the carrying capacity of existing lines connecting large cen-

ters of population. The names of Wheatstone, Stearns, Edison, and

Delaney are prominent in connection with this work. For use in

telegraphy the originally crude forms of voltaic battery—such as Davy
used—were replaced b}^ the more perfect types—such as the constant

battery of Daniell, the nitric-acid battery of Grove, dating from 1836,

and the carbon battery of Bunsen, first brought out in 1842. Such

was the power of the Grove and Bunsen batteries that attention was

again called to the electric arc and to the possibility of its use for
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electric illumination. Accordingly^ we find that suggestions were soon
made for electric-arc lamps to be operated by these more powerful and
constant sources of electric current. The first example of a working
type of an arc lamp was that brought to notice by W. E. Staite, in

1847, and his description of the lamp and the conditions under which
it could be worked is a remarkably exact and full statement, consid-

ering the time of its appearance. Staite even anticipated the most
recent phase of development in arc lighting, namely, the inclosure of

the light in a pai'tially air-tight globe to prevent too rapid waste of

the carbons by combustion in the air. In a public address at Newcastle-

on-Tyne, in 184:7. he advocated the use of the arc so inclosed in

mines, as obviating the danger of fire. But it was a long time before

the electric arc acquired anj^ importance as a practical illuminant.

There was, indeed, no hope of its success so long as the current had

to be obtained from batteries consuming chemicals and zinc. The

expense was too great and the batteries soon became exhausted. In

spite of this fact, occasional exhibitions of arc lighting were made,

notably in 1856 by Lacassagne and Thiers in the streets of Paris.

For this service they had invented an arc lamp involving what is

known as the differential principle, afterwards applied so extensively

to arc lamps. The length of the arc or the distance between the car-

bons of the lamp was controlled with great nicety, and the light thus

rendered ver}^ steady. Even as late as 1875 batteries were occasionally

used to work single electric arc lamps for public exhibitions, or for

demonstration purposes in the scientific departments of schools. The

discovery of the means of efficiently generating electricity from

mechanical power constitutes, however, the keynote of all the won-

derful electrical work of the closing years of the nineteenth century.

It made electrical energy available at low cost. Michael Faraday, a

most worthy successor of Davy at the Royal Institution, in studying

the relations between electric currents and magnets, made the exceed-

ingly important observation that a wire, if moved in the field of a

magnet, would yield a current of electricity. Simple as the discovery

was, its effect has been stupendous. Following his science for its own

sake, he unwittingly opened up possibilities of the greatest practical

moment. The fundamental principle of the future dynamo-electric

niachine was discovered by him. This was in 1831. Faraday's mves-

tigations were so complete and his deductions so masterly that little

was left to be done by others. Electro-magnetism was supplemented

by magneto-electricity. Both the electric motor and the dynamo gen-

erator were now potentially present with us. Faraday contented him-

self with pointing the way, leaving the technical engineer to foUow.

In one of Faraday's experiments a copper disk, mounted on an axis

passing through its center, was revolved between the poles of a large
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steel magnet. A wire touched the periphery of th<> disk :it a selected

position with respect to the magnet and another was in connection with

the axis. These wires were united through a galvanometer or instru-

ment for detecting electric current. A current was noted as present

in the circuit so long as the disk was turned. Here, then, was the

embryo dynamo. The century closes with single dynamo machines of

over 5,00(J horsepower capacity and with single power stations in which

the total electric gen<M"ation by such machines is 7.'),<MM» to l(H),(i(>0 horse-

power. So perfect is the modern d3'namo that out of l.ooo horsepower

expended in driving it 95t) or more may be delivered to the electric line

as electric energy. The electric motor, now so common, is a machine

like the dynamo, in which the principle of action is simph' reversed;

electric energy delivered from the lines becomes again mechanical

motion or power.

Soon after Faraday's discovefies in magneto-electricity attempts

were made to construct generators of electricity from power; but the

machines were small, crude, and imperfect, and the results necessaril}^

meager.

Pixii, in Paris, one year after FaradaA^'s discovery was announced,

made a machine which embodied in its construction a simple commu-
tator for giving the currents a single direction of flow. This is the

prototype of the conunutators now found on what are called contin-

uous-current dynamos. After Pixii followed Saxton, Clarke, Wheat-

stone and Cooke, Stohrer. and others, but not until 185-1 was any very

notal)le improvement made or suggested. In that year Soren Hjorth,

of Copenhagen, (lescri))ed in a patent speciiication the principle of

causing the electric currents generated to travei'se coils of wire so

disposed as to reenforce the magnetic field of the machine itself. A
year subsequently the same idea was again more clearly set out by

Hjorth. This is the principle of the modei'n self-exciting dynamo, the

field magnets of which, very weak at the stjirt, are built up or strength-

ened by the currents from the armature or revolving pait of the

machine in which power is consumed to produce electricity.

In 1S56 Dr. Werner Siemens, of Berlin, well known as a great pio-

neer in the electric arts, brought out the Siemens armature, an inno-

vation more valuable than any other made up to that time. This was

subsequently used in the powerful machines of Wilde and Ladd. It

still survives in magneto call-bell apparatus for such work as telephone

signaling, in exploders for mines and blasting, and in the simpler

types of electroplating dynamos.

The decade between 1860 and 1870 opened a new era in the construc-

tion and working of d\'namo machines and motors. It is notable for

two advances of very great value and importance. Dr. Paccinotti, of

Florence, in 1860, described a machine by which true continuous cur-

rents resembling battery currents could be obtained. Up to that time
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machines gave either rapidly alternating or fluctuating- currents, not
steady currents in one direction. The Paccinotti construction, in
modified forms, is now almost universally employed in dynamo
machines, and even where the form is now quite different the Pacci-
notti type has been at least the forerunner and has undergone modifi-
cations to suit special ends in view. Briefly, Paccinotti made his
armature of a ring of iron with iron projections, between which the
coils of insulated wire are wound. Although full descriptions of Pac-
cinotti-s ring armature and commutator were given out in 1864, his

work attracted but little attention until Gramme, in Paris, about 1870,
brought out the relatively perfect Gramme machine. In the mean-
time the other great development of the decade took place.

Although Hjorth had, as stated before, put forward the idea that a
dynamo generator might itself furnish currents for magnetizing its

own magnets, this valuable suggestion was- not apparently worked out
until 1866, when a machine was constructed for Sir Charles Wheat-
stone. This appears to have been the first self-exciting machine in

existence. Wheatstone read a paper before the Royal Society in Feb-
ruary, 1867, "On the augmentation of the power of a magnet by the

reaction thereon of currents induced by the magnet itself." This

action later became known as the reaction principle in dynamo
machines.

As often happens, the idea occurred to other workers in science

almost simultaneously, and Dr. Werner Siemens also read a paper in

Berlin about a month earlier than that of Wheatstone, clearh^ describ-

ing the reaction principle. Furthermore, a patent specification had

been filed in the British patent office by S. A. Varley, December 24,

1866, clearly showing the same principle of action, and he was, there-

fore, the first to put the matter on record. The time was ripe for

the appearance of machines closely resembling the types now in such

extended use. Gramme, in 1870, adopting a modified form of the

Paccinotti ring and commutator, and emplo}' ing the reaction principle,

first succeeded in producing a highly efficient, compact, and durable

continuous-current dynamo. The Gramme machine was innnediately

recognized as a great technical triumph. It was in a sense the culmi-

nation of many years of development, beginning with the early

attempts immediately following Faraday's discovery already referred

to. Gramme constructed his revolving armature of a soft iron wire

ring, upon which ring a series of small coils of insulated wire were

wound in successive radial planes. These coils were all connected

into a continuous wire, and from the junctions of the coils one with

another connections were taken to a range of copper bars insulated

from each other, constituting the commutator. In 1873 Von Hefner

Alteneck, in Berlin, modified the ring winding of Gramme, and pro-

duced the " drum winding," which avoided the necessity for threading
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wire through the center of the iron ring, as in the Gmmme construc-

tion. The several coils of the drum were still connected, as in

Gramme's machine, to the successive strips of the commutator.

In modern dynamos and motors the armature, usually constructed

of sheet-iron punchings, is a ring with projections, as in Paccinotti's

machine, and the coils of wire are in most cases wound separately and

then placed in the spaces between the projections, constituting in fact

a form of drum winding. In the early seventies a few Gramme ring

and Siemens drum machines had been applied to the running of arc

lights, one machine for each light. There were also some Gramme
machines in use for electroplating.

In all dynamos in practical use the currents which are generated are

alternating currents, as they are called. Such currents are character-

ized ])y rapid changes of direction or reversals. These occur man}'^

times per second, and when such currents are to be made into contin-

uous currents flowing in one direction, the machine is provided with a

conmuitator for connecting the coils to the circuit, so that the current

will always flow in it in the same direction. Great numbers of dynamos,

however, are used without commutators for changing the direction of

their currents. In such machines the circuit receives, instead of con-

tinuous currents, waves of current or alternating currents. As with

sound, the waves have a pitch—i. e., the}^ follow each other at a certain

number of times per second. In usual practice there will be from 25

waves, which would be a low period, up to 150 or more per second, but

machines can be constructed to produce alternating currents of many
thousand waves or cycles (as they are termed) per second for special

uses. When an alternating current flows from a line, there are times

when the current is changing from one direction to the other and

when there is actually no current, and these are called the zeros or

dead points of the current. Much of the machinery developed in later

years has been of the alternating-current type, generators, motors, etc.

,

utilizing these rapidly reversing currents.

At the Centennial Exhibition, held at Philadelphia in 1876, but two

exhibits of electric-lighting apparatus were to be found. Of these one

was the Gramme and the other the Wallace-Farmer exhibit. The
Wallace-Farmer dynamo machine is a type now obsolete. It was not a

good design, but the Wallace exhibit contained other examples reflect-

ing great credit upon this American pioneer in dynamo work. Some
of these machines were very similar in construction to later forms

which went into very extensive use. The large searchlights occasion-

ally used in night illumination during the exhibition were operated by

the current from Wallace -Farmer machines. The Gramme exhibit

was a remarkable exhibit for its time. Though not extensive, it was

most instructive. There were found in it a dynamo running an arc

lamp, a large machine for electrolytic work, such as electroplating and
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electrotyping, and, most novel and interesting of all, one Gramme
machine driven bv power was connected to another by a pair of wires
and the second ran as a motor. This in turn drove a centrifuoal pump
and raised water which flowed in a small fall or cataract. A year or
two previously the Gramme machine had been accidentally found to be
as excellent an electric motor as it was a generating dynamo. The crude
motors of Jacobi, Froment. Davenport. Page, Vergnes, Gaume, and
many others, were thus rendered obsolete at a stroke. The first public

demonstration of the working of one Gramme machine by another was
made by Fontaine at the Vienna Exhibition of 1873.

Here, then, was a foreshadowing of the great electric power trans-

mission plants of to-day; the suggestion of the electric station furnish-

ing power as well as light, and to a less degree the promise of future

railways using electric power. Replace the centrifugal pump of this

modest exhibit b}^ a turbine wheel, reverse the flow of water so as to

cause it to drive the electric motor so that the machine becomes a

dynamo, and in like manner make of the dynamo a motor, and we
exemplify in a simple way recent great enterprises using water power
for ihe generation of the current to be transmitted over lines to distant

electric motors or lights.

The Centennial Exhibition also marks the beginning, the very birth,

it may be said, of an electric invention destined to l)ecome. before the

close of the century, a most potent factor in human aflairs. The speak-

ing telephone of Alexander Graham Bell was there exhibited for the first

time to the savants, among whom was the distinguished electrician and

scientist, Sir William Thomson. For the first time in the history of

the world a structure of copper wire and iron spoke to a listening ear.

Nay. more, it both listened to the voice of the speaker and repeated

the voice at a far-distant point. The instruments, were, moreover,

the acme of simplicity. Within a year many a boy had constructed a

pair of telephones at an expenditure for material of only a few pennies.

In its first form the transmitting telephone was the counterpart of the

receiver, and they were reversible in function. The transmitter was

in reality a minute dynamo driven by the aerial voice waves; the

receiver, a vibratory motor, worked by the vibratory currents from

the transmitter and reproducing the aerial motions. This arrange-

ment, most beautiful in theory, was only suited for use on short

lines, and was soon afterwards replaced by various forms of carbon

microphone transmitter, to the production of which many inventors

had turned their attention, notably Edison, Hughes. Blake, and Hun-

nings. In modern transmitters the voice wave does not furnish the

power to generate the telephone current, but only controls the flow of

an already existing current from a battery. In this way the effects

obtainable may be made sufficiently powerful for tmusmission to

listeners 1,500 miles away.
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There is no need to dwell here upon the enormous saving of time

secured bv the telephone and the profound etiect its introduction has

had upon business and social life. The situation is too })alpable.

Nevertheless, few users of this wonderful invention realize how nmch
thought and skill have been employed in working out the details of

exchange switclit)()ards, of signaling devices, of underground cables

and overhead wires, and of the speaking instruments themselves. Few
of those who talk between Boston and Chicago know that in doing so

they have for the exclusive use of their voices a total of over 1,0(X),000

pounds of copper wire in the single line. There probably exist now
in the United States alone between 75.000 and 100.000 miles of hard

di'awn copper wire for long-distance telephone service, and over

150,000 miles of wire in underground conduits. There are upward
of 750.000 tele]>hones in the Inited States, and including both over-

head and underground lines, a total of more than 500.000 miles of

wire. Approximately, 1,000,000,000 conversations are annually con-

veyed.

The possibility of suboceanic telephoning is frequently discussed,

but the problem thus far is not solved. It involves grave difficulties

and \vc may hope that its solution is to be one of the advances which

will mark the coming century's progress. The advent of the telephone

in 1876 seemed to stimulate invention in the electric field to a remark-

aide (legTee. Its inmiediate connneirial success probably acted also to

inspire contidence in other proposed electric enterprises. Greater

attention than ever before began to be given to the problem of electric"

lighting. An electric arc-lamp. prol)ably the only one in regular use,

had been installed at Dungeness light-house in 1862, after a long set

of trials and tests. It was fed by a Holmes magneto-electric machine

of the old type, very large and cum})rous for the work. Numerous
changes and improvements had before 1878 been made in arc lamps b}^

Serrin. Duboscq, and many others, but the display' of electric light

during the Paris Exposition of 1878 was the first memorable use of

the electric light on a large scale. The splendid illumination of the

Avenue de I'Opera was a grand object lesson. The source of light was

the ''electric candle'' of Paul Jablochkotf, a Russian engineer. It was

a strikingh^ original and simple arc lamp. Instead of placing the

two carbons point to point, as had been done in nearly all previous

lamps, he placed them side by side with a strip of baked kaolin between

them. The candle so formed was supported in a suitable holder

whereby at the lower end the two pai-allel carbons were connected

with the circuit terminals. By a suitable device the arc was started

at the top and burned down. The electric candle seemed to solve the

problem of allowing complicated mechanism for feeding the carbons

to be discarded: but it survived only a short time. Owing to unfore-

seen difficulties it was graduall}- abandoned after having served a great
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purpose in directiug the attention of the world to the possibilities of

the electric arc in lighting'.

Inventors in America were not idle. By the close of 1878 Brush of

Cleveland had brought out his series system of arc lights, including

special dynamos, lamps, etc.. and by the middle of 18T9 had in opera-

tion machines, each capable of maintaining sixteen arc lamps on one

wire. This was indeed a great achievement for that time. \\%\ston,

of Newark, had also in operation circuits of arc lamps, and the Thomson-
Houston system had just started in commercial work with eight arc

lamps in series from a single dj^namo. Maxim and Fuller in New
York were working arc lamps from their machines, and capital was

being rapidly invested in new enterprises for electric lighting. Some
of the great electric manufacturing concerns of to-day had their begin-

ning at that time. Central lighting stations began to be established

in cities, and the use of arc lights in street illumination and in stores

grew rapidly. More perfect forms of light arc lamps were invented,

better generating dynamos and regulating apparatus brought out.

Factories for arc-light carbon making were built. The tirst special

electrical exhibition was held in Paris in 1881. In the early eighties

also the business of arc lighting had become firmly established and

soon the bulk of the work was done under two of the leading systems.

These were afterwards brought together under one control, thus secur-

ing in the apparatus manufactured a combination of the good features

of both. Until about 1892 nearly all the arc lamps in use were worked

under the series system, in which the lights were connected one after

another on a circuit and traversed by the same current. This current

has a standard value or is a constant current. Sometimes as many as

a hundred lamps were on one wire. As the mains for the sup[)ly of

incandescent lamps at constant pressure or potential were extended

attention was more strongly turned to the possibility of working arc

lights therefrom.

Within a few years of the close of the century this placing of arc

lamps in branches from the same mains which supply incandescent

lamps became common, and the inclosure of the arc in a partially air-

tight globe, a procedure advocated by Staite in 1847, was revived by

Howard, Marks, and others for saving carbons and attention to the

lamp. The inclosed arc lamp was also found to be especially adapted

to use in branches of the incandescent lamp circuits, which had m cities

oecome greatly extended. The increasing employment of alternating

currents in the distribution of electric energy has led also to the use of

alternating current arc lamps, and special current-regulating apparatus

is now being applied on a large scale to extended circuits of these

lamps. It can be seen from these facts that the art is still rapidly pro-

gressing and the field ever widening. A little over twenM" years ago

practically no arc lamps were used. Now, at the close of the century,
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they are numbered b}^ hundreds of thousands. The annua] consump-

tion of carbons in this country has reached 200,00(),0()0.

Almost simultaneously with th(» beginning of the commercial work
of arc lighting, Edison, in a successful effort to provide a small electric

lamp for general distribution in place of gas, brought to public notice

his carbon filament incandescent lamp.

A considerable amount of progress had previousl}^ been made by

various workers in attempting to reduce the volume of light in each

lamp and increase the number of lights for a given power expended.

Forms of incandescent arc lamps or semiincandescent lamps were tried

on a considerable scale abroad, but none have survived. So, also, many
attempts to produce a lamp giving light by pure incandescence of solid

conductors proved for the most part abortive. Edison himself worked
for nearly two years on a lump ])ased upon the old idea of incandescent

platinum strips or wires, but without success. The announcement of

this lamp caused a heavy drop in gas shares long before the problem

was really solved by a masterly stroke in his carbon filament lamp.

Curiouslv, the nearest approach to the carbon filament lamp had been

made in 1845 by Starr, an American, who described in a British patent

specification a lamp in which electi'ic current passed through a thin

strip of carbon, kept it heated white when sui'rounded by a glass bulb

in which a vacuum was maintained. Starr had exhibited his lamps to

Faraday in England and was preparing to construct dynamos to fur-

nish electric current for them in place of batteries, but sudden death

put an end to his labors. The specification describing his lamp is per-

haps the earliest description of an incandescent lamp of any promise,

and the subsequently recorded ideas of inventors up to the work of

Edison seem now almost in the nature of retrograde movements.

None of them was successful commercially. Starr, who was only 25

years of age, is reported to have died of overwork and worry in his

efforts to perfect his invention. His ideas were evidently far in

advance of his time.

The Edison lamp differed from those which preceded it in the ex-

tremeh" small section of the carbon strip rendered hot b^^ the current

and in the perfection of the vacuum in which it was mounted. The
filament was first made of carbonized paper and afterwards of bamboo
carbon. The modern incandescent lamp has for years past been pro-

vided with a filament made by a chemical process. The carbon formed

is exceedingh^ homogeneous and of uniform electric resistance. Edison

first exhibited his lamp in his laboratory at Menlopark, N. J., in

December, 1879, but before it could be properly utilized an enormous

amount of work had to be done. His task was not merely the improve-

ment of an art already existing, it was the creation of a new art.

Special dj'namo machines had to he invented and constructed for work-

ing the lamps, switches were needed for connecting and disconnecting
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lamps and groups of lumps, meters for measuring the consumption of
electric energy were wanted, safety fuses and cut-offs had to be pro-
vided, electroliers, or fixtures, to support the lamps were required, and
lastly, a complete system of underground mains with appurtenances
was a requisite for city plants.

Even the steam engines for driving the dynamos had to be remodeled
and improved for electric work, and ten years of electric lighting

development did more toward the refinement and perfection of steam
engines than fift}" years preceding. Steadiness of lights meant the

preservation of steady speed in the driving machinery. The Pearl

Street station, in New York City, was the first installation for the

supply of current for incandescent lighting in a city district. The
constant-pressure dynamos were gradually improved and enlarged.

The details of all parts of the system were made more perfect, and in

the hands of Edison and others the incandescent lamps, originally of

high cost, were much cheapened and the quality of the production

was greatly improved. Lamps originally cost |1 each. The best

lamps that are made can be had at present for about one-fifth that

price. Millions of incandescent lamps are annually manufactured.

Great lighting stations furnish the current for the working of these

lamps, some stations containing machinery aggregating many thou-

sands of horsepower capacit3^ Not only do these stations furnish

electric energy for the working of arc lamps and incandescent lamps,

but in addition for innumerable motors ranging in size from the small

desk fan of one-tenth horsepower up to those of hundreds of horse-

power. The larger sizes replace steam or hydraulic power for elevators,

and many are used in shops or factories for driving machinery, such

as printing presses, machinery tools, and the like.

In spite of the fact that it was well known that a good dynamo when

reversed could be made a source of power, few electric motors were

in use until a considerable time after the establishment of the first

lighting stations. Even in 1884, at the Philadelphia Electrical Exhi-

bition, only a few electric motors were shown. Not until 1886 or

thereafter did the "motor load" of an electric station begin to be a

factor in its business success. The motors supplied are an advanta-

geous adjunct, inasmuch as they provide a day load, increasing the out-

put of the station at a time when the lighting load is small and when

the machinery in consequence would, without them, have to remain

idle. The growth of the application of electric motors in the closing

years of the century has been phenomenal, even leaving out of consid-

eration their use in electric railways.

Twenty years ago an electric motor was a curiosity; fifty years ago

crude examples run by batteries were only to be occasionally found m
cabinets of scientific apparatus. Machinery Hall at the Centennial

Exhibition of 1876 typified the mill of the past, never again to be
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reproduced, with its liiige enj^ine.s and lines of heavy shafting and belts

convejdng power to the ditferent tools or machines in operation. The

modern mill or factory has its engines and dynamos located wherever

convenient, its electric lines and numerous motors connected thereto,

and each of them either driving comparatively short lines of shafting

or attached to drive single pieces of machiner3\ The wilderness of

belts and pulleys which used to characterize a factory is gradually being

cleared away and electric distribution of power substituted. More-

over, the lighting of the modern mill or factory is done from the same

electric plant which distril)iites ])oW'er.

The electric motor has already partly revolutionized the distribution

of power for stationary machinery, but as applied to railways in place

of animal power the revolution is complete. The period which has

elapsed since the first introduction of electric railways is ])arely a dozen

3^ears. It is true that a few tentative experiments in electric traction

were made some time in advance of 18.S8, notably by Siemens, in Ber-

lin, in 1879 and 1S8U, by Stephen D. Field, by T. A. Edison at Menlo-

park, by J. C. Henry, by Charles A. Van Depoele, and others. If we
look further back, we tind efforts, such as that of Farmer in 1847, to

pi'opcl railway cars b}' electric motors driven by current from batteries

cariiod on the cars. These efforts were of course doomed to failure

for economical reasons. Klectric energy from primary batteries was

too costly, and if it had been cheaper the types of electric motor used

yi(4ded so small a return of power for the electric energy spent in

driving them that commercial success was out of the question. These

early cti'orts were, however, instructive, and may now be regarded as

hiuhly suggestive of later work. Traction by the use of storage bat-

teries carried on an electric car has been tried repeatedly, but appears

not to be able to compete with systems of direct supply from electric

lines. The plan survives, however, in the electric automobiles, many
of which have been put into service within a 3'^ear or two. The electric

automobile is not well fitted for country touring; it is best adapted to

cities, where facilities for charging and caring for the batteries can be

had. However, the electric carriage is of all automobile carriages the

most easily controlled, most ready; it emits no smell or hot gases and

is nearh' noiseless.

About 1850 Hall, a well-known instrument maker of Boston, cata-

logued a small toy electric locomotive dragging a car upon rails which

were insulated and connected with a stationary battery of two Grove

cells. This arrangement was sold as a piece of a scientific apparatus,

and appears to be the first example of an electrically driven vehicle

connected by rolling contacts to an immovable energy source. Other

early experimenters, such as Siemens, Field, and Daft, subsequently to

Hall, used in actual railway work the supply by insulated tracks.

This was supplanted later by overhead insulated wires or by the insu-
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lated third lail. Siemens & Halske, of Berlin, used a special form of
overhead supply in 1881, and durintr the electrical exhibition in Paris
in that year a street tramway line was run by them. Later Edison
experimented with a third rail supply line at Menlopark, and at

Portrush, in Ireland, an actual railway was put into operation by
Siemens & Halske using the third rail system. This was about 1883.
The power of the Portrush lailway was that of a water wheel diiving
the generating dynamo.

The modern overhead trolley, or underrunning trolley, as it is

called, seems to have been first invented })y Van Depoelc, and used
by him in practical electric railway work about 1886 and thereafter.

The universality of this invention for overhead supply marks the

device as a really impcn-tant advance in the art of electric traction.

Van Depoele was also a pioneer in the use of an underground conduit,

which he employed successful h' in Toronto in 1884. The names of

Edward M. Bentley and Walter H. Knight stand out prominently in

connection with the first use of an underground conduit, tried under

their plans in August, 1884, at Cleveland, on the tracks of the horse

railwa}' company.

We have l)arely outlined the history of the electric motor railway

up to the beginning of a period of wonderful development result-

ing in the almost complete replacement by electric traction of horse

traction or tramway lines, all within an interval of s(;arcely more than

ten years.

The year 1888 ma}' be said to mark the beginning of this work. In

that year the Sprague Company, with Frank J. Sprague at its head,

put into operation the electric line at Richmond, Va., using the under-

running trollev. Mr. Sprague had been associated with PMison in

early traction work, and was well known in connection with electric

motor work in general. The Richmond line was the first large under-

taking. It had about 13 miles of track, numerous curves, and grades

of from 3 to 10 per cent. The enterprise was one of great hardihood,

and but for ample financial backing and determination to spare no

effort or expenditure conducive to success, must certainly have failed.

The motors were too small for the work, and there had not been found

any proper substitute for the metal commutator brushes on the

motors—a source of endless trouble and of an enormous expense for

repairs. Nevertheless, the Richmond installation, kept in operation

as it was in spite of all difficulties, served as an object lesson and had

the effect of convincing Mr. Henry M. Whitney and the directors of

the West End Street Railway of Boston of the feasibility of equipping

the entire railway system of Boston electrically. :Mean while the

merging of the Van Depoele and Bentley-Knight interests into the

Thomson -Houston Electric Light Company brought a new factor into

the field, the Sprague interests being likewise merged with the Edison

General Electric Company.
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The West End Company, with i^OO miles of track in and around

Boston, began to equip its lines in 1888 witli the Thomson-Houston

plant. The success of this g-reat undertaking left no doubt of the

future of electric traction. The difficulties which had seriously

threatened future success were gradualh^ removed.

The electric railway progress was so great in the United States that

about January 1, 1891, there were more than 240 lines in operation.

About 30,000 horses and mules were replaced b}^ electric power in the

single year of 1891. In 1892 the Thomson-Houston interests and

those of the Edison General Company were merged in the General

Electric Compan}', an event of uinisual importance, as it brought

together the two great competitors in electric traction at that date.

Other electric manufacturers, chief among which was the Westing-

house Company, also entered the held and became prominent factors

in railway extension. In a few years horse traction in the United

States on tramway lines virtually disappeared. Many cable lines were

converted to electric lines, and projects such as the Boston Subway
began to l)e planned. Not the least of the advantages of electric

traction is the higher speed attainable with safety. The comfort and

cleanliness of the cars, lighted brilliantly at night and heated in win-

ter b}' the same source of energy which is used to propel them, are

impoitant factors.

All these things, together with the great extension of the lines into

suburban and country districts, and the interconnection of the lines of

one district with those of another, can not fail to have had a decidedly

beneticial etfect upon the life, habits, and health of the people. While

the United States and Canada have been and still are the theater of

the enormous eh^ctric advance in electric traction, as in other electric

works, many electric car lines have in recent 3^ears been established in

Great Britain and on the Continent of Europe. Countries like Japan,

Australia, South Africa, and South America have also in operation

many electric trolley lines, and the work is rapidl}' extending. Most

of this work, even in Europe, has been carried out either by importa-

tion of equipment from America or by apparatus manufactured there,

but following American practice closely. The bulk of the work has

been done with the overhead wire and under running trolley, but there

are notable instances of the use of electric conductors in underground

slotted conduits, chief of which are the great S3"stems of street railway

in New York City.

In Chicago the application of motor cars in trains upon the elevated

railway" followed directly upon the practical demonstration at the

World's Fair of the capabilities of third-rail electric traction on the

Intramural Elevated Railway, and the system is rapidly extending so

as to include all elevated city roads. A few yeai's will doubtless see

the great change accomplished.
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The motor car, or car propelled b}' its own motors, has also been
introduced upon standard steam roads to a limited extent as a supple-
ment to steam traction. The earliest of these installations arc the one
at Nantasket, Mass., and that between Hartford and New Britain, in

Connecticut. A number of special high-speed lines using- similar plans
have gone into operation in recent years. The problem of constructing
electric motors of sufficient robustness for heavy work and controlling

them effectively was not an easy one, and the difficulties were increased

greatly because of the placing of the motors under the car body,
exposed to wet, to dust, and dirt of road. The advantage of the motor
car or motor-car train is that the traction or hold upon the track

increases with the increase of the weight or load carried. It is thus

able to be accelerated rapidly after a stop and also climb steep grades

without slipping its wheels. Nevertheless there are circumstances

which favor the employment of a locomotive at the head of a train, as

in steam practice. This is the case in mines where trains of coal cars

or ore cars are drawn by electric mining locomotives. Many such

plants are in operation, and at the same time the electric power is used

to drive fans for ventilating, pumps for drainage, electric hoists, etc.,

besides being used for lighting the mines. The trains in the tunnels

of the Metropolitan Underground Railway of London have for many
years been operated l)y steam locomotives, with the inevitable escape

of steam, foul, suffocating gases, and more or less soot.

A number of years ago the tunnel of the City and South London

Railwa}' was put into successful operation with electric locomotives

drawing the trains of cars, and the nuisance caused by steam avoided.

This work recalls the early efforts of Field, of Daft, and Bentley &
Knight in providing an electric locomotive for replacing the steam

plant of the elevated roads in New York City. Well conceived as

many of these plans were, electric traction had not reached a sufficient

development, and the efforts were abandoned after se\eral more or

less successful trials. It is now seen that the motor-car train may

advantageously replace the locomotive-drawn train in such instances as

these elevated railways.

The three largest and most powerful electric locomotives ever put

into service are those which are employed to take trains through the

Baltimore and Ohio Railroad tunnel at Baltimore. They have l)cen

in service about seven or eight years, and are fully equal in power to

the large steam locomotives used on steam roads. Frc(}uently ti-ains

of cars, including the steam locomotive itself, are di'awn through the

tunnel by these huge electric engines, the tires on the steam machines

being for the time checked so as to prevent fouling the air of the

tunnel. There was opened in London in 1900 a new railway, called the

Central Underground, equipped with twenty-six electric locomotives

for drawing its trains. The electric and power equipment, which

SM 1900 25
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embodied in itself the latest results of American practice, was also

maniifaotured in America to suit the needs of the road. Other similar

railways are in contemplation in London and in other cities of Eui'ope.

As on the elevated roads in New York City, the replacement of

mulerground steam traction, where it exists, by electric traction is

e\idently only a (juestion of a few years.

An electric railway may exemplify a power transmission system in

which power is delivered to moving vehicl(>s. But the distances so

covered are not generally more than a few miles from the oenerating

station. AVhcre, however, abundant water power exists, as at Niag-

ara, or where fuel is very expensive and power is to be had only at

great distances from the place at which it is to ])e used, electricity fur-

nishes the most etlective means for transmission and distribution.

Betw(M'n the years ISSO and ISDO th(» d(^vici» called the alternating cur-

rent ti'ansformer was developed to a considerable degree of })erfection.

It is in reality a modified induction coil, consisting of copper wire and

iron, whereby a current sent through one of its coils will induce simi-

lar currents in the other coils of apparatus. It has the great advan-

tage of having no moving i)ai"ts. Faraday, in 1831, discovered the

fundamental principle of the modei'ii transformer. Not only, how-

ever, will tiie current in one coil of the apparatus generate by induc-

tion a new current in an entirely separate coil or circuit, but b}'

suitably proportioning the windings we may exchange, as it were, a

large low-pressure current for a small l)ut high-pressure current, or

vice versa. This exchange may be made with a very small percentage

of loss of energy. These valuable properties of the transformer have

rendered it of supreme importance in recent electrical extension. The
first use made of it, in 1885-86, was to transform a high-pressure cur-

rent into one of low pressure in electric lighting, enabling a small wire

to be used to convey electric energy at high pressure and without

much loss to a long distance from the station. This energy at high

pressure reaches the transformer placed within or close to the building

to be lighted. A low-pressure safe current is conveyed from the

transformer to the wires connected to the lamps. In this way a cur-

rent of 2,000 volts, an unsafe and unsuita))le pressure for incandescent

lighting, is exchanged for one of about 100 volts, which is quite safe.

In this wa}^ also the suppl}^ station is enabled to reach a customer too

far away to be supplied directly with current at 100 volts without enor-

mous expense for copper conductors.

The alternating current transformer not onl}^ greatly extended the

radius of supply from a single station, but also enabled the station to

be conveniently located where water and coal could be had without

difficulty. It also permitted the distant water powers to become

sources of electric energy for lighting, power, or for other service.

For example, a water power located at a distance of 50 to 100 miles or
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more from ii cit}^ or from a large manufacturing center where cost of

fuel i.s high may be utilized as follows: A power station will be
located upon the site of the water power and the dynamos therein will

generate electricity at, say, 2,000 volts pressure. By means of step-up
transformei's this will be exchanged for a current of 80,000 volts for

transmission over a line of copper or aluminum wire to the distant

consumption ai-ea. Here there will be a set of step-down transformers

which will exchange the 30,000 volt line current for one of so low a

pressure as to be safe for local distribution to lamps, to motors, etc.,

either stationary or upon a railway. The same transmission plant

may simultaneously supply energ}' for lighting, for power, for heat,

and for charging storage batteries. It may therefore be eraplo3'ed

both day and night.

These long-distance power-transmission plants are generally spoken

of as "two-phase,"' ''three-phase," or "polyphase" systems. Before

1890 no such plants existed. A large number of such installations are

now working over distances of a few miles up to 100 miles. They differ

from what are known as single-phase alternating systems in empWing,
instead of a single alternating current, two, three, or more, which are

sent over separate lines, in which the electric impulses are not simul-

taneous, but follow each other in regular succession, overlapping each

other's dead points, so to speak. Early suggestions of such a plan,

about 1880 and thereafter, b}^ Baily, Deprez, and others bore no fruit,

and not until Tesla's announcement of his polyphase system in 1S88

was much attention given to the subject. A widespread interest in

Tesla\s work was invoked, but several years elapsed before engineering

difficulties were overcome. This work was done mainly by the tech-

nical staffs of the large manufacturing companies, and it was necessary

to be done before any notable power transmissions on the polyphase

system could be established. After 1892 the growth became very rapid.

The Falls of Niagara early attracted the attention of engineers to the

possibility of utilizing at least a fraction of the power. It was seen

that se^ eral hundred thousand horsepower might be drawn from it

without materially affecting the fall, itself equivalent to several millions

of horsepower. A gigantic power station has lately been established

at Niagara, taking water from a distance above the falls and deliver-

ing it below the falls through a long tunnel, which forms the tailrace.

Ten water wheels, located in an immense wheel pit about 200 feet deep,

each wheel of a capacity of 5,000 horsepower, drive large vertical

shafts, at the upper end of which are located the large two-phase

dynamos, each of 5,000 horsepower. The electric energy from these

machines is in part raised in pressure by huge transformers for trans-

mission to distant points, such as the city of Buffalo, and a large

portion is delivered to the numerous manufacturing plants located at

moderate distances from the power station. Besides the supply of
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energy for lightinji- and for motors, including railwa3\s, other recent

uses of olectricitv to whicli we haxc not yet alluded are splendidly

exemplified at Niagara. Davy's brilliant discovery of the alkali metals,

sodium and potassium, at the opening of the century, showed the great

chemical energy of the electric current. Its actions were afterwards

carefully studied, notably I)}" the illustrious Faraday, whose discoveries

in coimcction with magnetism and magneto-electricity have been briefly

described. The electric current was found to act as a most potent

chemical force, decomposing and recomposing many chemical com-

pound-i, dissolving and depositing metals. Hence earl}- in the century

iirose the art of electroplating of metals, such as electro-gilding, silver-

plating, nickel-plating, and copper deposition, as in electrotyping.

These arts are now practiced on a very large scale, and naturally have

affected the whole course of maiuifacturing methods during the cen-

tury. Moreover, since the introduction of d3Miamo current electrol3'sis

has come to l)e employed in huge plants, not only for separating metals

from each other, as in refining them, but in addition for separating

them from their ores, for the manufacture of chemical compounds

before unknown, and for the cheap production of numerous substances

of use in the various arts on a large scale. Vast quantities of copper

are refined and silver and gold often obtained from residues in sufficient

amount to pay well for the process.

At Niagara also ai"e works for the production of the metal alumi-

num from its ores. Similar works exist at other places here and

abroad where power is cheap. This metal, which competes in price

with ])rass. bulk for bulk, was only obtainable before its electric re-

duction at $25 to $30 per pound. The metal sodium is also extracted

from soda. A large plant at Niagara also uses the electric current for

the manufacture of chlorine for bleach, and caustic soda, both from

common salt. Chlorate of potassium is also made at Niagara by

electrolysis. The field of electro-chemistrv is indeed full of great

future possibilities. Large furnaces heated by electricity, a single

one of which will consimie more than a thousand horsepower, exist

at Niagara. In these furnaces is manufactured from coke and sand,

by the Acheson process, an abrasive material called carborundum,

which is almost as hard as diamond, but quite low in cost. It is made
into slabs and into wheels for grinding hard substances. The electric

furnace furnishes also the means for producing artificial plumbago, or

graphite, almost perfectly pure, the raw material being coke powder.

A large amount of power from Niagara is also consumed for the

production in special electric arc furnaces of carbide of calcium from

coke and lime. This is the source of acetylene gas, the new illumi-

nant, which is generated when water is brought into contact with the

carbide. The high temperature of the electric furnace thus renders

possible chemical actions which under ordinary furnace heat would
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not tiike place. Henri Moi.ssan, a French scientist, well known for

his brilliant researches in electric furnace work, has even shown that

real diamonds can l)e made under special conditions in the electric

furnace. He has, in fact, probably practiced in a small way what has
occurred on a grand scale in nature, resulting- in diamond fields such
as those at Kimberley. One less problem is thus left to be solved.

The electro-chemical and kindred arts are practiced, not alone at

Niagara, but at many other places where power is cheap. Extensive
plants have grown up, mostly within the five years l)efore the close of

the centur}'. All of the great developments in this field have come
about within the last decade.

The use of electricity for heating is not confined to electric fur-

naces, in which the exceedinglj^ high temperature obtainable is the

factor giving rise to success. While it is not likely that electricity

will soon be used for general heating, special instances, such as the

warming of electric cars in winter by electric heaters, the operation

of cooking appliances l>y electric current, the heating of sad-irons

and the like, give evidence of the possibilities should there ever be

found means for the generation of electric energy from fuel with such

high efiiciency as 80 per cent or more. Present methods give, under

most favorable conditions, barel}^ 10 per cent, 90 per cent of the

energy value of the fuel being unavoidably wasted.

Another application of the heating power of electric currents is

found in the Thomson electric wielding process, the development of

which has practicall}^ taken place in the past ten A^ears. In this proc-

ess an exceedingly large ci\rrent, at very low^ electric pressure,

traverses a joint between two pieces of metal to be united. It heats

the joint to fusion or softening ; the pieces are pushed together and

welded. Here the heat is generated in the solid metal, for at no time

during the operation are the pieces separated. The current is usually

obtained from a welding transformer, an example of an extreme type

of stepdowm transformer. Current at several hundred volts passed

into the primary winding is exchanged for an enormous current at

only 2 or 3 volts in the welding circuit in which the work is done.

The present uses of this electric welding process are numerous and

varied. Pieces of most of the metals and alloys before regarded as

unwelda]>le are capable of being joined, not only to pieces of the same

metal, but also to difi'erent metals. Electric welding is applied on the

large scale for making joints in wires or rods, for welding wagon and

carriage wheel tires, for making barrel hoops and bands for pails, for

axles of vehicles, and for carriage framing. It has given rise to special

manufactures, such as electrically welded steel pipe or tube, wire

fencing, etc. It is used for welding together the joints of street-car

rails, for welding teeth in saws, for making many parts of bicycles, and
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in tool making". An instance of its peculiar adaptability to unusual

conditions is the welding of the iron bands embedded within the body

of a rubber vehicle tire for holding the tire in place. For this pur-

pose the electric weld has been found almost essential.

Another branch of electric development concerns the storage of

electricity. The storage battery is based upon principles discovered

bj' Gaston Plante, and applied since 1881 by Brush, by Faure, and

others. Some of the larger lighting stations employ as reservoirs of

electric energy large batteries charged by surplus dynauio current.

This is afterwards drawn upon when the consumer's load is heavy,

as during the evening. The storage battery is, however, a heavy,

cuml)rous apparatus, of limited life, easily destroyed unless guarded

with skill. If a form not possessing these faults be ever found, the

held of possible application is almost limitless.

There is no space here to deal with the developments of the use of

electricity in the employment of the physiological powers of the elec-

trical current which have given rise to the science of electro-thera-

peutics. It is probably true that electricity is tinally to be one of the

most potent agencies in the treatment of disease and in the alleviation

of human suffering: })ut unfortunately the name "electricity" is often

made use of by the (piack and charlatan to put forward wares in the

form of electric belts, electric insoles, electric combs, and what not,

the effect of which is absolutely nil except in the imagination of the

user. There are also devices which do, in fact, produce slight elec-

trical effecta, which are paraded as panaceas for serious ills, when in

reality their electrical effects amount to^nothing and their therapeutic

value is less than nothing.

There is no space, either, to dilate upon the possibilities in an artistic

way which have arisen in the development of electricity for lighting.

Magnificent effects, scenic and otherwise, are now within the reach of

the artist. The great international expositions have in late years been

characterized by the profusion of such effects depending on electricity.

The abo\e b}- no means complete account of the progress in electric

applications during the century just closed should properly be supple-

mented by an account of the accompanying great advances regarded

from the pureh' scientific aspect. It is, however, only possible to

make a brief reference thereto within the limits of this article. The
scientific study of electricity and the application of mathematical

methods in its treatment have kept busy a host of workers and drawn

upon the resources of the ablest minds the age has produced. Gauss,

Weber, Ampere, Faraday, Maxwell, and Helmholtz are no longer with

us. Of the earl}^ founders of the science we have yet such men as Lord

Kelvin, formerly Sir William Thomson, Mascart, and others, still

zealous in scientific work. Following them are a large number notable

for valuable contributions to the progress of electrical science, in dis.
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coveries, in research, and in matheniatical treatment of the various
pro])lems presented. Modern magnetism took form in the hands of
Rowhind, Hopkinson, Ewing-, and many other able workers.
Has science any answer to make to the question, What is ekn-tricity?

We think not; nor has it any answer to make to the question, What is

energy ? The most that science can possibly expect to do is to extend
our horizon and permit us to acquire a deeper knowledge of the inti-

luate rekitions of things. We speak of the ether as the electrical

medium, and we acquire more and more knowledge of its properties

and actions as the years go by. Facts are gradually being accunudated
by workers in all departments of science, and there must follow gen-

eralizations which will bring into harmony the present discordancies

wdiere they appear. It will prol)ably be found that the electrical

pro]3erties of the ether are the fundamental ones on which the universe

is ])uilt and that the properties of matter, which we speak of as

mass, weight, inertia, cohesion, elasticit}^ etc., are dependent upon or

have their origin in the ether properties. Perhaps, just as light and

radiant heat have been shown to be electrical vibrations, gravitation

and the othei* properties may follow. True it is that electrical laws

are most sim])le, most delinite. Electrical measurements can be made
with the utmost accuracy and delicacy. Indications these are of its

fundamental and universal character.

In order to account for the passage of light, radiant heat, magnet-

ism, and other forces through space science has need of what is called

th<' ether, a medium filling all space and propagating waves of heat

and light, as well as magnetic disturbances and gravitation. The sun

radiates to the earth luminous waves and heat waves. Moreover, it

has been shown that whenever there is a great cyclonic storm upon

the sun the earth sympathizes or receives influences which disturb the

compass needle. There is reason to believe that the eleven-year sun

spot periods find their expression upon the earth in the greater

frequency of displays of aurora borealis, magnetic storms, and even

thunderstorms following the more active storm period of the sun,

when the sun spots are most numerous.

What, then, is the nature of this ether of spaced To this tpiestion

no complete answer can as yet be given, except to say that it is the

electro-magnetic medium. It is the ether and not the air which enables

a magnet to attract or repel, for the action occurs in the best vacuum,

undiminished. It is the ether and not the air which enables an electri-

fied body to act upon surrounding bodies in attracting or repelling

them. When we sit in front of an open fire, it is the ether which

brings the light and also the heat radiated to us. Early in the century

the theory that light consisted of ether vibrations of a particular char-

acter became the commonly accepted theory. It remained for Clerk

Maxwell, a mathematical physicist of the highest eminence, to put
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forward, a])<)iit the middle of the contiirv, the idea that lioht waves

were really electrieal waves. Light would, then, l)ccouie one form of

the manifesl:ation of electrical force; and the same would be true of

radiant heat. I'his theory, however, lacked experimental conlirma-

tion until the researches of the late Dr. Hertz, too earl3' lost to science.

We see references to what are called "Hertzian waves." These are

waves identical in nature with lii»ht waves, but of much lower pitch or

period. Red light consists of about four hundred millions of millions

of electrical waves in the ether per second; blue or violet light al)out

double that numlier. Hertz showed in his experiments that electric

sparks between polished l)alls. under proper conditions, were attended

b}' ether waves of the same nature as those of light, but having a pitch

represented by some millions of vi))rations per second. These waves,

however, could })e reflected, could l)e refracted, could be polarized, and

be dealt with as if they w^ere light waves. Ordinary alternating-cur-

rent waves are, in fact, closely akin to these waves, onl}' their speed

is from 25 to 200 or 800 per second. Their ""frequency" is low.

When we speak of ''high-frequencv waves" w^e usually mean waves

of great rapidity as compared with ordinary alternating-current waves.

When a Leyden jar is discharged through a short wir^ . or coil of wnre,

there is momentarily generated a set of high-frequency waves. This

was shown l>y Henry in the early half of the century. The brilliant

effects which have been produced within recent years l)y Mr. Tesla, as

well as by the present writer, in the use of high-fre(]uency discharges

or waves are Avell known. Electric sparks man}^ feet in length are

easily generated. Astonishing luminous effects accompany' high-fre-

quency experiments. Conductoi's glow in the dark with a bluish

luminosity. Vacuum tubes are caused to give out light many feet

away from the apparatus in which the high-frequency discharges are

generated.

Most curious perhaps of all. to the lay mind, is the possibilit}' of

passing through the body current enough at high frequency to light

lamps in circuit with the body, without producing any harmful efl'ects,

and, in fact, without producing any sensation whatever. Spark dis-

charges from the apparatus which would seem to have the power to

kill instantly are received harmlessly. Indeed, when currents ha\'e a

frequency' more than a certain amount—say 10,000 per second—the

physiological efl'ects seem to be in abeyance, as if the rapid reversals

of the current could not leave any permanent efl'ect.

Certain forms of moderately high frequenc}" currents give promise

of actually producing insensibility to pain without interfering with

consciousness, and it is possible that the future may see surgical opera-

tions performed with the protection of the subject from painful sensa-

tions by the passage of these currents. Up to the present, however,

there has been no use actuall}^ made in the practice of high-frequency



ELECTRICITY DURING THE NINETEENTH CENTURY. 357

effects, unless we class with such effects those of transmission without
wires.

Wireless telegraphy of to-day is, however, a direct outcome of
Hertz's experiments on electric waves. It is but little more than ten
years since Hertz announced his results to the world. His work, sup-
plemented by that of Branly, Lodge, and more recently Marconi, has
made wireless telegraphy a possibility, and there are indications that
enormous distances may yet be covered by this ethereal transmission.
Just here we may refer to the fact—for it is a fact—that the electrical

energy transmitted over a line, which may be many miles in length,
really does not travel by the wire connecting the two points. It trav-

els in the ether surrounding the wire. The wire itself is, in fact, the
guiding core of the disturbances in the ether which proceed outward
in all directions to unlimited distances. The guiding core or conduct-
ing wire is needed to focalize or direct the delivery of the energy.
This curious conclusion of science, then, that the power from the

power-station wire travels in the space around the wires led from the

station is one of the results of recent electrical studies, just as with
light those studies begun by Maxwell and Hertz have led to the inev-

itable conclusion that the light of the candle, the light of a kerosene

lamp, and the light of a gas burner are all in essence electrical phe-

nomena, as are all forms of radiation in the ether.

The wireless telegraph of to-day utilizes a sudden electrical disturb-

ance made at one point, which travels b}" the surroundmg ether in all

directions and is picked up in feeble fashion, it ma}" well be, by very

sensitive receiving instruments. The shock or disturbance to the

ether is thus recognized, and by a preconcerted system of signals the

slight disturbances are sent out in a sequence such as to convey intel-

ligible messages. Distances of upward of 100 miles are thus covered

with what must be regarded as an extremely feeble means so far as

the scale of the apparatus is concerned, and there would seem to be

no reason why the scale of operations greatl}' increased may not in the

near future widely extend the range over which wireless telegraphy

can work.

The wonderful X ray and the rich scientitic harvest which has fol-

lowed the discovery by Rontgen of invisible radiation from a vacuum

tu])e were preceded by much investigation of the effects of electric

discharges in vacuum tubes, and T'ittor^', followed by Crookes, had

given special study to these effects in vCry high oi nearly perfect

vacua. Crookes, though specially enriching science hj his work,

missed the pecular X ray, which nevertheless must have been emitted

from his vacuum tubes, not only in his hands, but in those of subse-

quent students. It was as late as 1896 that Rontgen aiuiounced his

discovery. Since that time several other sources of invisible radiation

have been discovered, more or less similar in effect to the radiations
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from a vaciuun tu})c. hut omitted, singiiliir as the fact is. from rare

su])staiic('s extracted from certain minerals. Leaving;' out of consider-

ation the great value of the X ray to physicians and .surgeons, its

effect in stimulating scientitic inquir3" has almost been incalculable. The
renewed study of effects of electric discharge in vacuum tubes has

already, in the work of such investigators as Lenard, fJ. el. Thomson,

and others, apparently carried the sul)divisi<)n of matter far ])eyond

the tiuie-honored chemical atom, and has gone far toward showing

the essential unity of all the chemical elements. It is as uidikely

that the mystery of the* material universe will ever ))e completely

solved as it is that we can gain an ade([uate conception of infinite

space or time. But we can at least extend the range of our mental

vision of the processes of nature as we do our i-eal vision into space

depths by the telescoj^e and the spectroscope. There can now be no

question that electi'ic conditions and actions are more fundamental

than many hitherto so regarded.

Th(^ nineteenth century closes with many important })ro])lems in

electrical science as yet unsolved. What great or far-reaching dis-

coveries are yet in store, who can telH What valuable practical

develo])ments are to come, who can predict^ The electrical pi'ogress

has been great—very great— l)ut after all only a part of that grander

advance in so many other fields. The hands of man are strengthened

b}' the control of mighty forces. His (dectric lines traverse the moun-

tain passes as well as the plains. His electric railway scales the .lung-

frau. But he still spends his best effort, and has always done so, in the

construction and equipment of his engines of destruction, and now
exhausts the mines of the world of valuable metals for ships of war,

whose ultimate goal is the bottom of the sea. In this, also, electricity

is made to play an increasingly important part. It trains the guns,

loads them, fires them. It works the signals and searchlights. It

ventilates the ship, blows the fires, and lights the dark spaces. Per-

haps all this is necessary now, and, if so, well. But if a fraction of

the vast expenditure entailed were turned to the encouragement of

advance in the arts and emplojniients of peace in the coming century,

can it be doubted that, at the close, the nineteenth century might

come to be regarded, in spite of its achievements, as a rather wasteful,

semibarbarous transition period ?



THE PHOTOGRAPHY OF SOUND WAVP^S AND THE DEMON-
STRATION OF THE EVOLUTIONS OF REFLECTED WAVE
FRONTS WITH THE CINEMATOGRAPH.

^

Bv R. W. Wood.

INTRODUCTION.

In a paper published in the Philosophical Magazine for August, 1899,

I gave an account of some experiments on the photography of sound

waves, and their application in the teaching of optical phenomena.

Since writing this paper I have extended the work somewhat, and at

a meeting of the Royal Society, on Februaiy 15, 1900. gave an account

of this work and deiuonstrated certain features of wave motion with

the cinematograph.

In the present article I propose to give a somewhat more extended

account of the work, paying especial attention to the analogies between

the sound waves and waves of light.

In teaching the subjects of optics we are obliged to resoi't to dia-

grams when dealing with the wave front, and in spite of all that we

can do the student is apt to form the opinion that the rays are the

actual entities, and that wave fronts are after all merely conceptions.

The set of photographs illustrating this article Avill, I think, be of

no small use to teachers in ridding the minds of students of the

obnoxious rays, and impressing the fact that all of the common phe-

nomena of reflection, refraction, and diflraction are due simply to

changes wrought on the wave front.

Sound waves in air were first observed and studied by Toepler. by

means of an exceedingh' sensitive optical contrivance for rendering

visible minute changes in the optical density of substances. A very

full description of the device will be found in Toepler's article (Wied.

Annalen, cxxxi), while a brief account of it will be given presently.

The waves in question are the single pulses of condensed air given

out by electric sparks. A train of waves would complicate matters

too much, and for illustrating the optical phenomena which we are to

take up would be useless.

The snap of the spark gives us just what we require, namely, a sin-

gle wave front, in which the condensation is considerable.

1 Reprinted from Nature, No. 1606, vol. 62, August 9, 1900.
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Whon seen siil>j('ctiv(>ly. as was the caso in Too])!!'!"^ ('X])('riiii('iits,

tho wave fronts, if at all coniplicatcd, as they often arc, can not be

studied to advaiitag'e, tis they are illuminated for an instant only and

appear in rapid sueee.ssion in different parts of the field. By the aid

of photoo'raphy a pci'iuanent record of the forms can he ohtained and

.studied at leisure. The iirst series of photo^'raphs, pul)li>shed in the

Philosophical Maj>azine, were made with an apparatus similar to the

one to be })resently described; while most of those illustrating- this

article were made on a much larj;fer scale by employing a laro-e silvered

mirror in place of the lens, an improvement due to Professor Mach, of

Pi-at^ue. who has triven nuich attention to the subjcH't.

As it is a matter of no trouble at all to set up in a fmv minutes, in

any physical laboratory, an apparatus for showing- the air waves sub-

jectively, and as the method does not seem to be as well known as it

deserves to be, a ))rief description of the " Schlieren " apparatus, as

Toepler named it, ma}' not be out of place.

THE ArPAKATUS.

The general ai-rangemcnt of the *" Schlieren "' apparatus is shown in

tigure I. A good-sized achromatic lens of the finest quality obtainable,

and of rather long focus, is the most important pai't of the device. 1

sparH

Fk;. 1.

ha^ «' ))een using the object glass of a small ttdescope figured l)y the

late Alvan Clark. Its diameter is ij inches, and the focal length

about G feet. 1 have no doubt but that a smaller lens could be used

for viewing the waves, but one of at least this size is desirable for

photogriiphing them.

The lens is mounted in front of a suitable source of light (in tne

present case an electric spark), which should l)e at such a distance that

its image on the other side of the lens is at a distance of about lo feet.

The image of the spark, which we will suppose to l)e straight, hori-

zontal, and very narrow, is about two-thirds covered w itli a horizontal

diaphragm (<-/). and immediately behind this is placed the viewing tele-

scope. On looking into the telescope we see the field of the lens uni-

fonnly illuminated by the light that passes under the diaphragm, since

every part of the image of the spark receives light from the whole

lens. If the diaphragm be lowered, the field will darken ; if it l)e raised,

the illumination will be increased. In general it is best to have the

diaphragm so adjusted that the lens is quite feebly illuminated, though

this is not true for photographic work. Let us now suppose that there

is a globular mass of air in front of the lens of slightly greater optical
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densit.v than the surrounding air {h). The rays of light going through
the upper portion of this denser mass will be bent down and will form
an image of the spark below the diaphragm, allowing more light to
enter the telescope from this particular part of the tield; consequentlj-
on looking into the instrument we shall see the upper portion of the
globular mass of air brighter than the rest of the field. The raj^s

which traverse the luider part of ''5," however, will be bent up, on the
contrary, forming an image of the spark higher up and wholly covered
by the diaphragm; consequently this part of the field will appear black.

It will be readily understood that with the long path between the lens

and the image a very slight change in the optical density of any por-

tion of the medium in front of the lens will be sufficient to raise or

depress the iniag<^ above or below the edge of the diaphragm, and will

consequently make itself manifest in the telescope.

The importance of using a lens of first-class quality is quite appar-

ent, since variations in the densit}" of the glass of the lens will act in

the same w^ay as variations in the density of the medium before it and

Fl<i. 2.

produce unequal illumination of the field. It is impossible to find a

lens which will give an absolutely even, feeble illumination, but a good

achromatic telescope objective is perfect enough for every purpose.

A more complete discussion of the operation of the apparatus will be

found in Toepler's original paper in the Annalen. The sound waves,

which are regions of condensation and consequent greater optical den-

sity, make themselves apparent in the same way as the globular mass

of air already referred to. They must be illuminated by a flash of

exceedingly short duration, which must occur while the wave is in the

field of view.

Toepler showed that this could be done ])y starting the sound wave

with an electric spark and illuminating it with the flash of a second

spark occurring a moment later, while the Avave was still in tiie field.

A diagram of the apparatus used is shown in fig. 2. In front of the

lens are two brass balls {a a), between which the spark of an induction

coil passes, immediately charging the Leyden jar r. whicli discharges

across the gap at e an instant later. The capacity of the jar is so
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regulated that the interval between the two sparks is about one ten-

thousandth of u second. The field of the lens is thus illuminated I)}'

the flash of the second spark before the sound wave started by the first

spark has gone beyond the edge of the lens.

To secure the proper time interval l)etween the two sparks it is nec-

essary that the capacity of the jar l)e quite small. A good-sized test

tube half full of mercury standing in a jar of mercury is th(> easiest

arrangement to fit up. This limits the length and brilliancy of the

illuminating spark, and with the device employed l)y Toepler 1 was

unable to get enough light to secure photographs of the waves.

After some experimenting T found that if the spark of the jar was

passed between two thin pieces of magnesium ribbon pressed between

two pieces of thick plate glass a very marked improvement resulted.

With this form of illuminator T found that five or six times as much
light could !»<' obtained as by the old method of passing the spark

between two hi-ass balls.

The spark is flattened out into a band and is ke])t always in the

same plane, the light issuing in a thin sheet from between the plates.

By this arrangement we secure a light source of considerable length,

great intensity, and bounded by straight edges, th(» three essentials

for securing good results. The glass plates, with the i-ibbon termi-

nals ])etween them, nuist be clamped in some sort of a holder and

directed so that the thin sheet of light strikes the lens. This can be

accomplished by darkening the room, fastening a sheet of paper in

front of the lens, and then adjusting the plates so that the paper is

illuminated as much as possible. The image formed by the lens will

be found to have very sharp straight edges.' on one of which the

edge or the diaphragm can be set in such a manner as to allow but

very little light to pass when the intervening medium is homogeneous.

A very slight change, however, in any portion ma}' be sufficient to

cause the entire amount of light passing through that portion to pass

below the diaphragm and enter the telescope.

The photographs were made by substituting a photographic objec-

tive for the telescope in the focal plane of which a vertical board was

mounted to support the plate. The room was darkened, a plate held

in position, and a single spark made to pass between the knobs by

pulling a string connected with the hammer of the induction coil.

The plate was then moved a trifle and a second impression secured in

the same way. This obviated several of the difticulties experienced

in the earlier work. The images never overlapped, and the hot air

from the spark did not appear in the pictures. About thirty -five

images were obtained on each plate in less than a minute, from which

' If more than one image appears it means that the plane of the glass plates of

the illmninator does not lie parallel to the optical axis of the system. It is of prime

importance to secure a single image.
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it was usually possible to pick a series showing the wave in all stages
of its development, owing to the variations in the time interval
between the two sparks.

In the Urst series the pictures were so small that it was necessary to
enlarge them several diameters. Those of the new series, owing to
the use of an 8-inch mirror in place of the 5-inch lens, and an objec-
tive of larger aperture and longer focus, required no enlarging.

THE WAVE-FRONT PHOTOGRAPHS.

In the study of optics we may treat the subject of regular reflection

in two ways, b}- ravs and by wave fronts. When spherical waves of

light are reflected from a plane surface, we know that the reflected

waves are also spherical in form, the center of curvature being a point

just as far beneath the reflecting surface as the source of light is above
it. In the first of the series of photographs we have the reflection of

a spherical wave of sound by a flat plate of glass, the wave appearing

as a circle of light and shade surrounding the image of the balls

between which the spark passed (fig. 3, PI. I). The reflected wave or

echo from the plate is seen to be spherical, with a curvature similar to

the incident wave.

When we have a source of light in the focus of a parabolic mirror,

the rays leave the mirror's surface parallel to one another and move
out in an intense narrow beam. Treating this case from the wave-

front point of view, we ascertain b}" the usual geometrical construc-

tion that the spherical wave is changed by reflection into a plane or flat

wa^•e which moves out of the mirror without further divergence. In

the picture (fig. -i, PI. I) only a portion of the parabolic reflector is

shown near the bottom. The sound wave starts in the focus, and the

reflected portion appears quite flat.^

What happens now if we use a spherical mirror in the same way?

Owing to the spherical aberration the reflected rays are not strictly

parallel, or the reflected wave is not a true plane. Let us start a sound

wave in the focus of such a mirror, and follow the reflected portion

out of the mirror (fig. 5, PL I). We notice that near the axis of the

mirror the effect is much the same as in the case of the parabola—that

is, the reflected front is plane. Thus we are accustomed to say that

if we confine ourselves to a small area around the axis, a mirror of

spherical form acts almost as well as a parabola. If, on the contrary,

we consider the reflection from the entire hemisphere, we see that the

reflected wave curls up at the edges, having a form not unlike a flat-

bottomed saucer. The flat bottom moves straight up, traveling every-

where normal to its surface; but the curled up edges converge inward,

coming to a focus in the form of a ring around the flat bottom. This

^In thin series and some others left and right have been inadvertently interchanged

by tlie '.mgraver. The series should be followed by the numbers.
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ring, of course, does not show in the photograph, which is a sectional

view, but it will be seen that in one of the views (No. 4) the curved

edge has disappeared entirely. In reality it is passing through a ring

focus, and presently it will appear again on th(^ other side of the focus,

curved the other way. of course, and trailing along after the flat bot-

tom. This curious evolution of the wav(» can b(^ shown I)}- geomet-

rical construction, and T shall show later how its development can be

shown with tlu^ cinematograph.

When the spherical waves start in one focus of an elliptical mirror,

they are transformed by reflection into converging spheres, which

shrink to a point at the other focus, the surface being aplanatic for

raj's issuing from a point. An elliptical mirror was made ])y l)ending

a strip (tig. 6, PI. I) of metal into the required form, and a sound wave
started at one of the foci. The transformation of the diverging into a

converging sphere and the shrinkage of the lattei- to a point at the

other focus are well shown (tig. 0).

We will consider next another case of spherical aberration. When
parallel rays of light enter a concave mirror those I'cflected from

^points of the mirror near its axis converge approximateh' to a point

situated halfway between the surface of the mirror and its center of

curvature. The wave front in the case of parallel ra3's is, of course,

plane and is changed by reflection into a converging shell of approxi-

mately spherical curvature. If we investigate the case more carefull}',

we tind, however, thtit the reflected rays do not come accuratel}' to a

focus, but envelop a surface known as the caustic—in this case an

epicycloid. The connection between the wave front and the caustic is

perhaps not at once apparent. Let us examine the changes wrought

on a sound wave entering a concave hemispherical mirror (tig. 7, PI. II).

If we follow the wave during its entrance into the mirror, we see

that the reflected portion trails along behind, being united to the unre-

flected part at the mirror's surface. After the reflection is complete

we tind the reflected wave of a form not unlike a volcanic cone with

a large bowl-shaped crater (No. 4). This l)owl-shaped portion we may
regard as a converging shell, which shrinks to a point at the focus of

the mirror. As it shrinks the steep sides of the cone run in under the

bowl, crossing :it about the moment when the converging portion is

passing through the focus (No. 6). The rim of the crater forms a cusp

on the wave front, and if we follow this cusp we shall see that it traces

the caustic surface. Hence we may detine the caustic as the surface

traced bj^ the cusp of the wave front.

The portion of the wave which comes to a focus at once begins to

diverge again, luiiting with the sides of the crater, the whole moving-

out of the mirror in a form somewhat resembling a mushroom or the

bell of a Medusa jellytish. The turned-under edges of the beil are
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(•lisped, and those eiisps trace the caustic emeloped ])y the twioe-reliected

ravs. These foriiLS can also be constructed geometrically.

A much more complicated case is now shown (%. 8. PI. 11). Here the
wave starts within a complete sphere or rather cylinder. (Cylindrical

surfaces have been used in all these cases for obvious reasons, the sec-

tional views shown in the photographs being the same for both forms
of surface.) Starting in the principal focus of the closed mirror, the

wave is bounced back and forth, becoming more complicated after each

reflection, yet always symmetrical about the axis. Onlv a few of the

many forms are shown, and with the exception of the first three or

four are not arranged in order: for at the time that the series were
arranged, on the slide this case had not been worked out geometricallv,

and it was (|uite impossible to determine the evolution of the diflerent

forms. ]More recentl}- this case has been constructed for Hao reflec-

tions and all of the forms shown in the photographs found.

We will take up next some cases of refraction, the first being that of

a spherical wave at a flat surface of a denser mediimi. In fig. !•. PI. Ill,

we have a rectangular tank with sides made of plane parallel glass and

covered with a collodion film of soap-bubble thickness made by the

method described b}' Toepler. Ordinary collodion is diluted with

about ten parts of ether, poured on a small piece of plate glass, and

immediately drained ofl'. As soon as it is quite dry a rectangle is cut

with a sharp knife on the film, Toepler's method of removing the film

was to place a drop of water on one of the cuts and allow it to run in

by capillarity, but I have had better success by proceeding in the fol-

lowing manner: One end of the plate is lowered into a shallow dish of

water and the plate inclined until the water comes up to one of the

cuts. Bv looking at the reflection of a window in the water it is pos-

sible to see whether the film commences to detach itself from the glass.

If all goes well, it will float otf on the surface of the water along the

line of the knife cut, and it should be slowly lowered (one end resting

on the bottom of the dish) until the rectangular piece detaches itself and

floats freely on the surface. The edges of the tank are well greased,

and then lowered carefully upon the film, to which they will adhere.

The whole must then be lifted from the water in an obliciue direction,

when the film will be found covering the tank and exhibiting the most

beautiful interference colors. The tank was filled with carbonic acid

and placed under the origin of the sound wave. On striking the col-

lodion film the v.-ave is partly reflected and partly transmitted, and it

will be seen that the reflected component in air has moved farther than

the transmitted component in the carbonic acid. The spherical wave

front is transformed into an hyperboloid on Altering the denser

medium. This is well shown in No. 8 of the series. In No. 4 the

wave is seen in air, having been reflected up from the bottom of the

tank.

SM 1900 26
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In fig. 1(», PI. Ill, Avc hiivc tlu> refniction of the wiivc in the s:inu> tank

under oblique incidence. The bending of the wave within the tank

is very marked. The wave fronts reflected from the side which fol-

lows the unreflected portion is also interesting in connection with

Lloyd's single mirror interference experiment (No. 2 of series).

After several failures 1 succeeded in constructing a prism with its

two refracting faces of this exceedingly thin collodion, which, when
tilled with cailtoiiic acid, showed the bending of the wave front exactly

as we tigui-e it in diagrams for light. It was necessary to have the

collodion thinner tiiaii before, since if we are to photogra])h the wave

after twice traversing the film, we must lose as little energy as pos-

sible by reflection. Fig. 11. JM. III. shows th(^ refraction in a carbonic-

acid prism, the biMiding luMng pai'ticularly noticeal)le in No. 4, on

wiiicii 1 lia\-e. with a i)air of dividers, ti-aced out the position which

the wa\'e front would liav(> occu])ied had it not trav»M"sed the prism.

The IxMiding of the wave fi'oiit in the opposite direction is shown in

fig. li'. 1*1. III. wliei-e the same })rism is filled with hydrogen gas, in

which sound tiavels faster than in air.

In tlie n«*xt flgure we have a very interesting case, though, owing to

the experimental ditKculties. the photographs are not quite as satis-

factory as somi^ of the others. It represents the transformation of a

spherical into a plane wave by pas.sage through a double con\'ex lens.

The construction of the cylindrical lens of exceeding!}'- thin collodion

was a matter of great difticidty. The Hat. circular ends were made of

thin mica as free from stri.e as possible, that the passage of the wave
through the lens could be followed. On these disks the collodion flli«

was wound, the whole forming a hollow drum, which was then fllled

with carbonic acid. The soiuid wave, started at the principal focus of

this lens, is seen to be quite flat after its emergence (fig. 13, PI. III).

^^'e will next take up some cases of difi'raction, beginning with the

well-known principle of Huygens, that any small portion of a wave
front can be considered as the center of a secondary disturbance and

that a small portion of this secondary disturbance can act as a new
center in its turn.

In fig. l-t, PI. Ill, we have the wave starting above a plate with a

narrow slit in it. This slit is seen to be the center of a secondary

hemicylindrical wave which moves down precisely as if the spark were

located at the slit. After proceeding a short distance this secondary

wave encounters a second slit, and the same thing happens as before,

the little slice that gets through spreading out into a complete wave,

while the intercepted portion bounces back and forth between the

plates.

Fig. 15, PL IV, shows the ver}' limited extent to which sound shad-

ows are formed. The wave is intercepted b}- a small glass plat(\ fJust
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below the plate in No. 8 of the series a gap in the wave is found, which
constitutes a shadow. But presentl}^, by diffraction, the wave curls in,

closing up the gap and obliterating the shadow entirely. In the last

one of the series it is interesting to note how the diffracted waves have
their centers at the edges of the obstacle, the edges acting as secondary
sources, as in the case of the diffraction of light.

The passage of a wave through a diffraction grating is shown in fig.

1(), PL IV. The grating is made of strips of glass arranged on a cyl-

indrical surface, the wave starting at the center of curvature. In No.

2 of the series the union of the secondary disturbances coming from
the openings into a new wave front is beautifully shown. In No. 8

the reflected wavelets have converged to the center, but as each one

is a complete hemicylinder, we see them radiating from the center.

This form can be constructed by describing semicircles around points

on a circle of such radius that they all pass through the circle's center.

These semicircles represent secondary wavelets starting simultaneously

from the various grating elements. In the last three pictures of the

series the wave passes down, strikes the table, and is reflected up

again, *ind it is interesting to see how the medium is broken up into

meshes by the crossing and recrossing of the secondar}^ waves.

Fig. 17, PI. IV. shows the form of the secondary wavelets formed b}^

the reflection of a wave from a corrugated surface and is interesting

in connection with reflection gratings.

The formation of a musical note b}' the reflection of a single pulse

from a flight of steps is shown photographed in fig. 18, PI. IV. This

phenomenon is often noticed on a still night when walking on a stone

pavement alongside a picket fence, the sound of each footstep being-

reflected from the palings as a metallic squeak, which Young has

pointed out to be analogous to the power of a diffraction grating to

construct light of a definite wave length.

It occurred to me, while making some geometrical constructions to

aid in unraveling some of the complicated forms reflected from surfaces

of circular curvature, that a very vivid idea of how these curious wave

fronts are derived one from another could l)e obtained if a complete

series could be prepared on the film of a cinematograph, and projected

in motion on a screen.

Having been unable to so control the time interval ])etween the two

sparks that a progressive series could be taken, I adopted the simpler

method of making a large number of geometrical constructions and

then photographing them on a cinematograph film.

As a very large number of drawings (one hundred or so) nuist be

made if the result is to be at all satisfactory, a method is desirable that

will reduce the labor to a mininuim. I may be pcM-mitted to give, as

an instance, the method that I devised for buikling the series illustrat-
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iiiu- the rcrtcction of u i)lane wave in ii spherical mirror. The eoii.struc-

tion is shoAvn in tiu". 1!'.

A IK' is the iniiTor, AOC the plane wave. Around points on ABC
as centers (lesci-il)e circles tan*;ent to the wave. These circles will he

enveloped l>y anothei- suiiace, ADPj, ))elow the mirroi* (the orthogonal

surface). If we erect normals on this surface, we have the I'eflccted

rays: and if we measui'c off ecpial distances on the normals, we have

tile rellected wa\"e front. By drawing- tlie orthogonal surface we avoid

the complication of having to measure otl' the distances around a

corner. The orthogonal surface is an epicycloi<l formed by the rolling

of a circle of a diameter e(]ual to the radius of curvature of the mir-

ror on tlie mirror's surface, and normals can be erected bv drawing the

arc FG (the path of the center of the generating circle) and descril)-

ing circles of diameter BE around various points on it. A line joining

the point of intersection of one of these circles with the epicycloid

and the point of tangency with the mirror will, when producc^d, give

a reflected ray: for example, JK produced for circle described around

H. The construction once prepared, the series of wave-front pictures

can be very quickly made. Three or four sheets of paper are laid

under the construction, and holes are punched through the pile by

means of a pin, at equal distances along each ra^- (measured from the

orthogonal surface).
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The center of the mirror and the point where its axis meets the
surface are also indicated in the same manner. The sheets are now
separated, and t-orrespondino- pin holes are united on each sheet by a
broad black line, which represents the wave front. After a time it

becomes necessary to consider double reflections, and to do this we are

compelled to construct twnce-reflected rays (indicated by dotted lines),

and measui-e around a corner each time.

About a hundred pictures are prepared for each series, and the

pictures then photoo-raphed separately on the tilm, which, when mm
through the animatog'raph, giye a very \'iyid representation of the

motion of the wave front.

Three films have been prepared thus far—reflection of a wave enter-

ing a concave hemispherical mirror (flg. iJO, PI. V); reflection of a

spherical wave starting in the principal focus of a concaye hemi-

spherical mirror (fig. ^1, PI. V), and the reflection of a similar wave
within a complete spherical mirror (fig. 22, PI. VI). A number of these

constructions, taken at intervals along the film, are reproduced, and

comparison of them with the actual photographs shows the close agree-

ment between the calculated forms and those actually obtained.

I have alread}" mentioned the fact that the cusps on the wave fronts

trace out the caustic surfaces. This is beautifully shown in figs. 23

and 2-i, PI. VI, where the successiye fronts are seen superposed. The

former is for the reflection of a plane wave in a spherical mirror, the

latter for the reflection of a spherical wave starting at the focus of a

similar mirror. The caustic curve is shown by a dotted line in fig. 23,

and is seen to be traced by the cusps on the wave fronts. The con-

struction shows that there is a concentration of energy at the cusp;

consequently w^e may define the cusp as a moving focus, and the caustic

as the surface traced by it. Though I hesitate in claiming that this

relation, at once so apparent, is at all novel, I may say that, so far as

I have l)een able to find, it is not brought out in any of the text-books,

caustic surfaces being invariably treated by ray rather than by wave-

front methods.

The cinematograph series illustrating reflection inside a comph^te

sphere was the most diflicult to prepare, as several reflections had to

be considered. It has been completed for three reflections, and ^Ir.

Max Mason, of Madison, to whom I am greatly indebted for his patient

work in assistino- me, is ffoing on with the series. As will be seen, the

wave has already become quite complicated, and it will be mteresting

to see what further changes result after three or four more reflections.

I am also under obligations to Prof. A. B. Porter, of Chicago, who

prepared the set of drawings illustrating the passage of a wave out

from the principal focus of a hemispherical mirror.
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UNSLT8PECTED RADIATIONS.^

By Peinck Kropotkin.

The sensation created live years ago l\y the discovery of the Ront-
gen rays had hardly begun to subside, and the patient, minute explo-

ration of the newly opened tield was only just beginning, when new,
and new discoveries of formerly unsuspected radiations, came to add to

the already great complexity of the phenomena, upsetting the provi-

sional generalizations, I'aising new problems, and preparing the mind
for further discoveries of a still more puzzling character. At the

present time the physicist has to account for not only the kathode and

the X or Rontgen rays, but also for the '"secondary " or *'S-rays'' of

Sagnac, the "Goldstein rays,'' the "•Becquerel rays," and, in fact, for

all the radiations belonging to the immens(> border land between elec-

tricity and light. Nay, most fundamental ([uestions concerning the

intimate structure of matter are being raised in connection with these

investigations, and the physicist can not elude them any longer,

l)ecause one of his most important principles, estal)lished l)y Carnot

and generally recognized since, seems also to require^ revision, or has,

at least, to receive a new interpretation.

So many different "rays" are now under consideration that it is

necessary to begin by well defining them in a few words, even at the

risk of repeating things already said in these pages and generally

known. The ''vacuum tube "is the starting point for all new radia-

tions, and in its simplest form it is, as is known, a sealed glass tube,

out of which the air has been pumped, and which has at each

end a piece of platinum wire passed through the glass and entering

the tube. When these two wires are connected with the two

poles of an induction coil, or the electrodes of an influence elec-

trical machine, or a powerful battery, they become poles them-

sehes. The tube begins to glow with a beautiful light, and a stream

of luminous matter fiows from its negative pole—the kathode—to

the positive pole. These are the kathode rays, the detailed explora-

tion of which was begun years ago by Hittorf, but won a special

interest when Crookes took them in hand, and once more when the

'Reprinted from The Nineteentli Century, No. 286, December, 1900, by permis-

sion of Leonard Scott PnbHeation Company.
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Hungarian professor, Lenard. began to .study them, in the 3'ears 1893-

1895. It is evident that the g-]a.ss tu))e may be given any shape

that is found convenient for .some special purpose, and that the degree

of exhaustion of air (or of an^' other gas with which the Ae.ssel wa.s

tilled before exhau.stion). the forms and the disposition of th<> two

poles, as also all othei- details of construction, may be varied at will,

according to the experiments which are intended to ])o made. Now,
if such a tube ))e j)laced inside a l>lack cardl)()ard nnitf which iiiteice])(s

its light, and if it l)e l)rought into a dark room near to a .scivmmi painted

with some phosphore.scent sub.stance. this substance begins to glow,

although no visible light is falling 111)011 it. If a Avire l)e placed

between tlie tul>e and the screen, its shadow appears on the screen, and

if the hand be placed instead of the wire, darkshadowsof the bones, ]>ut

ahnost none of the flesh, art^ })rojected. A thick 1)()ok gives, however,

no sliadow at all; it is transpjirent for these rays. Some* radiations,

proceeding along straight lines, nuist consequently issue from th(> tul)e

and ])ass through the cardboard nmrt'. Like light, they make the

phosphorescent screen glow, move in straight lines (as they give

.shadows), and decompose the .salts of the photographic rilm: but they

are invisibh' and pass through such luxlies as are opa<[ue for ordinary

light. These are the X or Rontgen rays.

Various secondary rays originate from them. ]i the Rontgen rays

meet a metallic mirror, the}' ar(^ not reflected ))y it, lait simjily

dift'used - that is, thrown irregularly in all directions; and. although

they do not pa.ss through metals as a i-ule. the}' may be made strong

and penetrating enough to pass through thin metallic plates. But in

both ca.ses they will acijuire some new properties which Avill depend

upon the metal which has ditfused them or through which the}- have

passed. Some new radiations wmII be added to them, and these radia-

tions were named secondary raA's, or S rays, by M. Sagnac. avIio discov-

ered them. On the other hand, if kathode rays have been passed

through a perforated metallic plate, they also get altered, and in this

case they will sometimes be named Goldstein rays. And, Anally, there

is a ver}" wide set of extremely interesting (also invisible) radiations

emitted by phosphorescent substances. The}' were discovered by H.

Becquerel, and are named now Becquerel rays or uranium rays. More
will be said of them presently.

This is, then, the woi-ld of radiations the very existence of which

was mostly unsuspected five years ago, and which have to be ex-

plained—the difficulty being in that they link together the Hertzian

waves which are now used for wireless telegraphy, the visible light,

the invisible radiations in the ultra-red and the ultra-violet parts of

the spectrum, to so-called '" actinic " glow of various substances placed

in the violet portion of the spectrum, and many other phenomena.

Light, electricity, magnetism, and the molecular movements of gases,

liouids, and solids—all these formerl}- separated chapters of physics
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have thus been broug-ht into a most intimate connection and hnddled
together by these Avonderful radiations.

Thousands of most delicate experiments have been made and hun-
dreds of papers have been written during the last five years, in order
to determine the properties and the constitution of these different sorts

of rays. Various hypotheses have been advocated, and yet scientific

opinion is still hesitating, the more so as new discoveries are made all

the time, and they show that we are not yet the masters of the whole
series of phenomena brought under our notice. Upon one point only

—

and a very important one—a certain consensus of opinion begins to be

estal)lished; namely, as to the kathode rays. Most explorers, includ-

ing Lenard,^ begin to be won to the idea that the kathode raj's are the

paths of very minute particles of matter w^hich are thrown at a very

great speed from the surface of the kathode and are loaded with elec-

tricity. Even under ordinary conditions, when an electric discharge

takes place between one metallic electrode and the other under the

ordinary atmospheric pressure in a room we see that most muiute par-

ticles of the metal are torn off the negative electrode (the kathode) and

are transported in the electric spark. Molecules of air join in the

stream, creating the w^ell-known "electric wind," and the air path of

the electric spark becomes electrified to some extent. The more so

when the discharge takes place in the extremely rarefied medium of a

\'acuum tube." In this case the molecules of the rarefied gas, as also

the metallic particles joining the current, are transported at a much

greater speed, and Ave see them as a cone of light.

That kathode rays are real streams of particles of matter seemed

very probable already in 1896, when the subject was discussed in these

pages. '^ Recent researches tend to confirm more and more this idea.

They act as a real molecular or atomic bombardment and they heat the

objects they fall upon; thus, a thin lamella of glass which is placed in

their path will be molten.* It is also known from Crookes's experi-

ments that when a little mill is placed so as to receive them on its wings

it is set in motion, and a back current seems to be originated at the

same time, as has been demonstrated by Swinton." They are deflected

from their straight path by a magnet and are twisted along the lines

1 Amialen der Physik, 1898, Vol. LXIV, p. 279.

-I chiefly follow here Prof. J. J. Thomson, who has explained his views in several

articles (Philosophical Magazine, October, 1897, Vol. XLIV, 5th series, p. 293; 1898;

Vol. XLVI, p. 528; 1899, Vol. XLVIII, p. 547; also Nature, 1898, Vol. LVIII, p. 8,

1900, Vol. LXII, p. 31); and also Dr. L. Zehnder, the author of a Mechanik des

Weltalls (1897), in his address before the Freiburg Natural History Society in 1898.

=* Recent Science, in Nineteenth Century, March, 1896.

* Goldstein's researches into the compound nature of the cathode rays and their

effects deserve a special notice. They are published in several issues of the Annalen

der Physik for the last few years.

^Swinton in Philosophical Magazine, 1898, Vol. XLVI, p. 387; Broca, Comptes

Rendus, 1899, Vol. CXXVIII, p. 356.
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of force. Bosiclos. n woak clet'trostatic' force has upon tlicni the same

effect, showing that they are eh^ctriiied negatively. Perrin ^ and others

who followed him have proved that these rays carry negative elec-

tricity with them. If they are taken out of the vacumn tube in which

they originated to another tube and are made there to fall upon an

electroscope they discharge it. Negative electricity can not be se])a-

rated from them: it follows with them when they are deflected by a

magnet; it is their property—-not something added to them.

MoreoviM'. it was already noticed l)y Crookes. and contirmed since by

Professoi- Thomson, that most of their proi)erties do not depend upon

the nature of the gas—air. oxygen, hydrogen, etc.—with which the

tube was tilled iirst. and of which a minute (juantity always remains in

the tube. They appear as a property of matter altogether rather than

a property of thi> oi- that gas. And when attempts were lately made

to measurt' tlie sizes of the particles which are carried in the kathode

rays, it was found that they are extremely ndmite—nuich smaller than

the probable size of atoms—while the charges of electricit}^ which they

carry witli them are relatively great."

All these facts have brought Prof. J. ,]. Thomson to the conclusion

that the matter which is carried in the cathode rays is not ordinary

matter, such as we know it in our everyday chemical experienc(\ l)ut

matter in a state of a high dissociation. AVe know that the moletulcs

of all bodies in nature consist of atoms; but even these atoms, small

though they imist ))e. are giants in comparison witii the particles trans-

ported in the kathode streams. Consequently, we must think that the

atoms themselves are dissociated in the intensive electric field. They
divide into what we mav call the primary atoms of some primai-y mat-

ter out of which the atoms of all chemical elements must be built up,

and these primary atoms are carriers of electricity. ' Of course, not

ever}' molecule need be dissociated, and some experiments show that

the number of dissociated molecules is really verN' small in comparison

with their total number. If one out of each three milliards of mole-

cules is in a state of dissociation, this will do to account for the facts

and the measurements which have been made, although many more
molecules ma}' have been dissociated in the kathode stream onh^ to be

reconstructed after having exchanged atoms with their neighbors.

It must be said in favor of this hypothesis that dissociation under the

action of violent electrical vibrations—i. e., the breaking up of mole-

cules into 'fO)is^ or elementarv atoms carrying electricity with them—is

familiar to physicists. Besides, if we can not yet specify what we

1 Annalen der Physik, 1898, Vol. LXVI, p. 1.

^ J. J. Thomson, Philosophical Magazine, Vol. XLVI, p. 528.

^Professor Thomson names them "corpuscles," ])nt this is hardly an appropriate

name for such minute subdivisions of the atoms. To the ])iologist it conveys an idea

of organization; and in physics it was used formerly as a sul)stitnte for "molecules."
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mean liy our atom.s "carrving negative or positive electricit3%" we may
imagine that this means carrying a certain vibratory or, perhaps, spiral

movement, or any other sort of motion which we prefer not to specify
in order to avoid spreading conceptions which may prove to be erro-

neous. But we know for certain that gases, which usually are no con-
ductors of electricity, become conductors under the influence of electric

discharges, as also of the ultraviolet light, or even after having passed
through flames. In such cases they become able to transport electric-

ity—that is, some motion or some state unknown,.which we name elec-

tricity —from one spot of space to another, A stream of dissociated

and electritied particles of matter rushing in the kathode stream is thus

a ^'er3^ probable explanation—the more so as similar streams are already

admitted in order to explain the electro-chemical decomposition of

salts and many properties of solutions.^ The kathode rays would then

be ''an electric dance of atoms along the lines of force," as Villariand

Righi have expressed it.

One question only must be asked: Is it necessary to suppose that the

molecules are so dissociated as to set free the "primary matter" out of

which the atoms of all elements are composed? Theoretically, there is

no objection to this view. Modern science knows that the atoms—or

the "chemical individuals." as Mendeleeff would prefer to name them-

—

are onlv treated as indivisible in the chemical processes in the same

sense as molecules are (or rather were) treated as indivisible in ph3'sical

processes. The modern physicist does not consider the atoms indivisi-

ble in the sense Democritus taught it. but in the sense in which the sun

is an individual amid the boundless interstellar space. He is even

inclined to admit that the atoms have a complicated structure and are

vortex rings similar to rings of smoke (Lord Kelvin and Helmholtz),

or minute systems similar to planetary systems (Mendeleefi).~ The

"dissociation of atoms" would therefore be admissible; but before

admitting the ultimate dissociation advocated by J. J. Thomson, can

w^e not find a simpler explanation? Several explorers are inclined to

think so, and Dr. Villard points out one possible issue. The kathode

rays are, in his opinion, mere streams of hydrogen atoms or molecules

—

the presence of this gas in all tubes, even the best exhausted, l)eing

explained by the particles of water sticking to the glass, or by the

decomposition of the alkalies of the glass. One fact certainly speaks

in favor of Villard's view: A small copper oxide plate, l)eing so placed

as to receive the kathode rays, parts with its oxygen (is reduced) just

as if it had been struck by a jet' of hot hydrogen. Besides, the spots

where the rays fall upon the glass of the tube are blackened, and these

J See Recent Science, in Nineteenth Century, August, 1892, and January, 1894.

2 Let me mention in connection with this a brilliant article by Mendeleeff on

"Matter," in the new Eussian Encyclopedic Dictionary, published by Brockhaus &

Efron, Vol. VI, ]>. 151.



370 UNSUSPECTED RADIATIONS.

black spots again are .such as if they had iiiulcro-oMo a hydroo-cn ))oiu-

bardiiieiit. Moreover, the spectroscope reveals the hydrogen line in

the glowing tubes.' But all this, while proving the presinice of

hydrogen in the vaeuuiu tul)es, does not speak against the hypoth(\sis

of J. J. Thomson, which still remains, up till now. the most })lausil)l(>

explanation of the kathode rays.

And yet one feels that the last word even al)out these rays has not

yet been said. Dr. .loseph Larmor was quite right when he remarked,

in his suggestive address delivered bet\)re the British association at

Bradford.' that the study of eleeti'ieal discharge in i-aretied gases has

conduced us to enlarged knowledge ""of the fundamental relations in

which the individual molecules stand to all electrical ])henomena." I p
till now we t(^ok these phenomena in a block. We studied the sum
total of the actions of an infinity of molecules in a certain direction.

Now we are bound to (piestion the molecule itself as to its speed, its

behavior, and its c<)nstituti\'e ])arts. and we find that a mohilit}' of its

component parts nuist l>e taken into account insti^ad of the rigidity

with which we formerly endowed it.

I'he philosophical ^alue of this new mo\(' in electrodynamics—the

value of the principle of action being introduced into the theories of

vilu'ation of the fornu'rly "" iimuaterial"' ether- is inunense, and it is

sure to bear fruit in natural philosophy altogether. Kther itself,

after ha\ing resisted so long all attempts to seize its true characters,

becomes dissociated matter, tilling space and upsetting many an old

preconceived idea. No Avonder, then, if it takes us some time ))efore

our views are settled upon these new phenomena, so fidl of unexpected

revelations and philosophical consequences.

If the kathode ra3's are in all i)robability streams of dissociated mole-

cules which are thrown oil" the kathode, what are, then, the Rontgen

or X-rays^ The}' certainh* originate from the former, either in the

spot where they strike the glass or, what appears more correct, within

the tube itself in the kathode stream. But are both of the same nature i

Rontgen himself indicates many points of resemldance between the

two, and considers them in his third memoir^ as "phenomena prol)-

ably of the same nature." Lenard goes even a step further. He rep-

resents them l)oth as parts of the same scale or of the same "magnetic

spectrum;'' the X-ra3^s, which are not deflected by a magnet, being at

one end of the scale, while a series of intermediate radiations connect

them with the kathode rays occupying the other end of the scale.*

Both provoke fluorescence, both produce similar photographic and

^Dr. P. Villard, iu Revue Generate des Sciences, 1899, Vol. X, jk 101.

•-'Nature, the 6th of October, 1900, Vol. LXII, p. 449, gives it in full.

* Sitzungyberichte of the Berlin Academy of Sciences, 1897, p. 576; suuuued up in

various scientific reviews.

*Annalen der Physik, 1897, Vol. LXllI, p. 253.
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electric eti'ects, and both have different degrees of penetration through
opaque bodies, which depend upon the source of electricit}^ and the
media through which they have passed. Moreover, the X-rays are cer-
tainly not homogeneous, and consist of a variety of radiations.

And yet the many analogies which have been noticed between the
Rontgen rays and ordinary light stand in opposition to a full assimila-

tion of the X-rays to the kathode streams, and the opinion that, like

light, they are vibrations of the ether takes the upper hand.' These
may be vibrations of a very short wave length, perhaps a hundred
times shorter than the waves of green light; or they may be "longi-
tudinal vibrations," as Lord Kelvin had suggested at the outset;^ or,

as Prof. J. J. Thomson thinks, they may be a mixture of vibrations of

different sorts—"pulsations" of the ether, as he puts it—that is, some-

thing similar to what is called "a noise"' in the theory of sound.

Already, in his second memoir, Rontgen had indicated that his rays

discharge an electrified body, l)oth directly when they fall upon it and

l)y their action upon the surrounding air, which they render a con-

ductor of electricit} . This was an important remark, because the

researches of the previous four years had firmly established that the

violet rays— i. e., the short waves of light—as well as the invisible

ultraviolet radiations, have the ver}' same effect. A link was thus

established between the problematic rays and common light, and some

of the best phvsicists (Lord Kelvin, Righi. Perrin, Guggenheimer,

Villari, Starke, and many others) engaged in a minute experimental

work in order to specify these analogies. The result was that the

resemblance between the X-rays and the short-waved radiations of

light was proved.

A further confirmation of the same analogy was given by the dis-

coYGvy of the "secondary " and "tertiary " rays by the Paris professor,

G. Sagnac' He studied what becomes of the Rontgen rays when they

strike different metallic surfaces. Th(^y are not reflected by them, but

only diffused irregularly; however, this diffusion differs from reflec-

tion, not only by its irregularity, but still more by the fact that the

character of the "secondary" radiations (or "tertiary," if they have

been diffused twice) is altered. They become more like ordinary light.

iSee Geitler's objections against such an assimilation, based upon their different

behavior toward electrified bodies (Annalen der Physik, Vol. LXVl, p. 65), to which

it may he added that the heating effect of the first radiations is very much smaller

than the same effect of the latter (E. Dorn), and compare these remarks with the

anode current, the existence of which was maintained by Crookes since 1891. Swm-

t(jn (Phil. Mag., 1898, XLVI, p. 387) confirmed its existence, and Riecke {Ann. der

Physik, XLYl, p. 954) has measured its ejiergy.

^See Nineteenth Century, March, 1896, where the meaning of this suggestion was

explained. .

«He gave an account of liis researches in Revue Generale .les Science, the .SOtU ot

April, 1898.
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Their power of penetration through optujue wood or the huinan flesh

is diminished; and just as a phosphorescing surface which has ])een

struck bv ultraviolet radiations begins to glow witli a yellow or green

light—of a diminished wave length, as G. G. Stokes had remarked it

—

so also the diffused secondary radiations l)ehave as if they were of

shorter wave lengths than the rays which originated them. The space

between the violet light and the Kontgen radiations is thus bridged

over, their analogv with light becomes closer, and the hypothesis

according to which they are treated as vibrations of the ether gains

further support.

]\Iany other curious properties of the Rontgen rays have ])een revealed

duiing the last four years. The most interesting is that they are not

quite "invisible light." When they are of great intensity the}' become

visible. However, the j)ortions of our retina which aie excited ])y

them are th«' peripheral parts only, which contain more rods than the

central parts lying opposite the iris. The cones, or those constituent

parts of the retina which ure supposed to convey to our ]>rain the color

sensations, are. on the contrary, but very slightly, if at all. irritated

by the X-rays.' Then the more perfect is the vacuum in a Ciookes

tube, and conscMiuently the greater is the electrical foi'ce re<|uii"ed to

originate Kontgen rays, the more penetrating the}' are. In such cases

they pass through metals, and Rontgen himself has photographed hid-

lets inside a double-barreled Lefaucheux pistol, while other ex})lorers

have obtained radiogi'anis with lays which had passed through an

aluminum plate 1.4 inches thick, and excn a cast-iron plate nearh- 1

inch thick." The inside of a watcli which had a steel lid, the inner

mechanism of a lock, as also both sides of a bronze medal, were photo-

graphed in the same way; while, on the other hand, Goldstein obtained

beautiful radiograms showing the internal structui-e of a Nymphtea
flower, of a hei'mit cral) inside its shell, and so on.''

But the chief progress was made with the medical applications of

the Rontgen rays. The half-mystical enthusiasm of the flrst days,

when they were supposed to provide a new curative method, rapidly

subsided. But their usefulness for ascertaining lesions in the bones,

and for the discover}' of the actual position of strange bodies—l)ullets,

needles, and so on—in the human tissues, has grown in proportion as

surgeons have learned better to handle them.

The pernicious effects of the invisible rays on the skin are now elimi-

nated l)y shortening the time of exposure which is required to obtain

^Prof. Elihu Thomson's address delivered ))efore the American Association of

Science in 1899 (Science, 1899, Vol. X, p. 286; tran^lateil in Xaturwis^senschaftliclie

Rmidi^chau, XIV, p. 585).

•^ Radignet, Sagnac, Hall Edwards.
* Max Levy, "Fortschritteder Rontgentechxiik," reproduced in variou.s periodicals.
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a good radiograiu, and the morbid ettec-t« have been traced by Russian
explorers (Danilev.skv. Tarkhanoff) to electric radiations aitog-ether,
rather than to the X-rays themselves. Formerly it required eighteen
minutes to obtain a radiogram of the hand. Now we are told that Dr.
Donath oljtains in two seconds a distinct radiogram of so difficult a
subject as the shoulder and the chest; while Tesla, with his powerful
alternate currents, could show distinct shadows at a distance of 1(>.5 feet

from the vacuum tube. In the hands of an a])le surgeon—as Prof.
E. Bergmann illustrated before the Association of German Naturalists

and Physicians in 1899—the X-rays become a most precious means of

exploration. The growth of the bones, from l>irth till matured age,

could be studied with their aid, and the various causes which retard

groAvth (rachitism, tuberculosis) or produce midgets could 1)0 ascer-

tained. The fearful splintering of the bones by the modern l)ullets,

and especially by the English dumdum bullet, became known, and the

radiograms of Bruns showing the effects of the dumdum provoked
on the Continent a unanimous indignation against this Imllet. Man}^
limbs were saved during the last Greek-Turkish war by Nasse and
Kiittnci- contiiuially resorting to radiograph3\ So also in the Soudan
war. In fractures of the kneecap the Rontgen ra\'s have proved sim-

])\y invaluable, but perhaps the best service the}^ rendered was to

demonstrate that in many cases it was far preferable to leave pellets

of lead, small revolver bullets, and even Peabody-Martini ))ullets

where they were lodged in the tissues instead of trying to get them

out. In fact. Dr. Bergmann's radiograms prove that a bullet may
sometimes remain in the lungs without occasioning any trouble. Such

was the case of a German soldier who had carried a bullet in his lungs

for twenty-nine years, since 1871, without knowing it. The German
professor goes even so far as to maintain that there are cases when a

small bullet lodged in the white mass of the brain will remain there

firmly imbedded, without producing any noticeable trouble, and that

there is less danger in leaxing it there than in extracting it.

If Rontgen's discovery had only the effect of alleviating so many

human miseries, it would already rank among the great achievements

of th(^ century, but its profound effects upon natural philosophy are

far from being yet exhausted.

Every one knows the phosphorescent match boxes provided with a

white surface, which is. usually protected from moistuie by a glass,

and glows in the darkness, making the box visible at night. Suli)liide

of lime is generally used for making such glowing surfaces, but vari-

ous compounds of barium, calcium, strontium, uranium, and so on

possess the same property of glowing in the dark after they have been

exposed for some time to light. They are said in this case to '^ store

up" light energy, which the}' give awa}' afterwards; this was, at least,
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the explanation that used to be j^iven some time ago/ Now, it Avas in

this rather neglected domain that Henri Bccquerel discovered the won-

derful radiations Avhieh have received his name, and which, owing to

the speculations they provoked as regards the th(H)ry of matter, liave

engrossed for the last four years the attention of ])hysicists, cA'en more

than the Kontgen rays themselves.

It will be remembered that a phosphorescent screen wliicii began to

glow in the proximity of a vacuum tube upon which Kontgen was

experimenting led lum to his memorable discovery. It was only nat-

ural, therefore, to see wh(»ther phosphorescent screens would not

reinforce th(» X-rays; and in the cours<M)f such experiments M. Henry
noticed that a phosphorescent sulphide of zinc gave up radiations

which, like the Rontgen rays, would pass through black paper and

affect after that the photographic plate." M. Nic^wenglowski, also at

Paris, made the same remark concerning a sulphide of lime previous!}^

exposed to light.'' Then, at the next sitting of the Paris Academy of

Sciences Henri Becquerel came forward Avith a work on the radiations

emitted by ])hosphorescent substances,' and this lirst work was fol-

lowed })y (juite a iuun))er (d" papers in which the new radiations were

studied under all possible aspects. Becqum-el was joined in !us

researches by many othei-s, and especially b}- Mme. Sklodowska-Cairie

and her husband, M. Pierre Curie, Avho soon disi'overed. with the

aid of the new radiations, two new elements, and l)y this time the

"Becquerel rays" have already a bulky literature. During the past

year nearl}' every Aveek brought with it the discovery of some new and

puzzling property of these radiations.'

The main point of the discovery was that phosphorescent l)odies

emit not only the well-known glow, which is \-isihle to our eye, l)ut

also invisible radiations, similar to the Rontgen ray. Some salts of

the metal uranium, and the metal itself, need not be exposed to light

^The terms "phosphorescence" and "fluorescence" are rather indiscrhiiinately

used to describe i^lowing after an exposure to light, as the distinction between the

two, jiroposed by Wiedemann, can not ]je maintained any longer. Other cauKes may
also provoke "himinescence: " the diamond glows after having been sHghtly Iieated,

quartz after some rublnng, and gases when they are electrifieil. As to the many
luminescent animals, such as the glowworm, various marine animals and baciteria-

we are not concerned with them now.

^Comptes Rendus of the Parij Academy of Hciences, the 10th of February, 1896,

Vol. CXXII, p. 312.

='Ibid.,CXXII,p.386.

^Ibid., the 24th of February, 1896, Vol. C^XXII, p. 420. Further <-ommuiiications in

the same and subsequent volumes.

•'•The literature of the subject is already immense. The main t^ontributiouH to

it will be found in Comptes Rendus, Philosophical Magazine, and Annalen der

Physik. Excellent articles for the general reader appeared in Nature, the 14th of

June, 1900, and in Revue Generale des Sciences, the 30th of January, 1899, by Mme.
Sklodowska-Curie.
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for move than one-hundredth part of a second to begin to glow, and
long- aftei- the glow has disappeared the}^ continue to send out the
invisible radiations affecting the photographic film for months, and
even years, as it appeared later on, even though the salt of the metal
remained all the time in a closed box locked in a drawer in a dark
room. The Becquerel radiations are thus quite different from phos-
phorescence or fiuorescence. They are similar in nature to the kathode
ra^^s and the K<)ntgen rays, with one substantial ditierence only. In

the vacuum tul)e we know the force—electricity—which supplies the

energy for setting the atoms or the molecules of the gas into motion,

while here we see no such source of energy; the radiations continue

months and years after the phosphorescent body has seen the light,

and ther(^ is no notal)le diminution of its radiating activity. Besides,

certain sub.stances need not he influenced l)y light at all for sending

out I'adiations, and this properly l)elongs, as it appeared later on, not

Old}' to phosphorescent bodies, but to a great variety of substances,

organic and inorganic, so that one has to ask oneself whether the

B(»C(|uerel radiations are not a property of matter altogether.

The first experiments of Becquerel were these: A little lamina of the

dou])Ie sulphide of uranium and potassium, which has a great phos-

phoi-escing power, was placed upon a black paper envelope containing

a photographic film. A glass plate, or a thin plate of aluminum or of

copper, was introduced between the two, and the whole was either

exposed to diffused daylight or closed in a black box and put in a

drawer. In a short time in the first case—in a few hours in the sec-

ond—the photographic film would show that some rays had been radi-

ated from the sulphide. They had traversed the paper and partly also

the metals, though less so than the paper, and the plate bore the image

or the shadow of the piece of copper.

The analogy with the Rontgen rays was thus evident, and further

incjuiry confirmed it. Like the kathode rays, the Becquerel radiations

are deflected from their rectilinear paths by a magnet; but, like the

Rontgen rays, they can not be reflected or broken or polarized.' And,

like the kathode rays, they render the air through which they pass a

conductor of electricity; they carry electricity with them, and con-

sequently it is most probable that they are not vibrations of the ether,

but electrified particles of matter, or ions, like the kathode rays. And

so we have the puzzle, or, at least, the quite unexpected fact, of matter

radiating molecules without any electrical or luminous or heating cause

provoking and maintaining that radiation or evaporation.

The Becquerel rays, as was just said, send electrified particles

which are capable of neutralizing the electricity of other bodies with

'In his first researches Becquerel thought that he had seen reflection and refrac-

tion of these rays; but now he has abandoned this idea (Comptes Eendus, 1899, \ ol.

CXXVIII, p. 771).
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which thoy come into contact. The o-old leaflets of a charged electro

scope dro[) at the contact with them.' Rut Hec«|uci-(>1 was not satisfied

with mei"cly statin^:' this tact: lie iimncdiatclv dcxised a very delicate

instruinent for measuiinii- the activity of ditlerent rays e-iven up by

various l)odies. P(n"hai)s he did not realize that he was thus endowing

.science with a new method of analysis, which would lead, like spec-

trum analysis, to the discovery of new elements; but in the hands of

M. Curie and Madame Sklodowska-Curie this method really led to

the discovery of at least one element, radium, and perhaps two more

—

polonium and actinium.

From the very outset it ])ecam(> evident that compounds of uranium,

and especially the metjil itself, prepared in a pure stiite b^^ Moissan, in

his electric furnace, were possessed of the greatest radio-actiAMty.

Thoriiun. with its compounds, came next. As to th(> other elements,

nearly all of which were examined by Mme. Sklodowska, they were

all much inferior to these two. It was also noticed during these

researches that, as a rule, the compounds were inferior to the pure

metals thenjselves. One miniM'al. however, the Bohemian pit<'hblende,

as also two others of less importance—all compounds of uranium

—

proved to be nmch more radio-active than pure uraniuu) itself, and M.
and Mme. CUirie, suspecting that the pit<'hblende must contain some

new substaiice more active than uranium, ])egan a most painstaking

laboratory work in order to isolate that special substance. They

obtained at last a metal identical as to its chemical properti<>s with

bisnmth. l)ut far more radio-active, and they named it polonium, in

honor of Madame Sklodowska's fatherland. Then, begimiing once

more, in company with (t. Bemont, the whole research from the

beginning, in order to hunt for another very radio-active su])stance of

which they had suspected the existence, they obtained another metal

similar to l)ariuin ])y its chemical properties. Imt still more radio-

active, which they named radium." And finalh', A. Debierne has dis-

covered lately, by the same method, a third element named actinium

and chemically similar to titanium.'' Mr. Crookes, while disagreeing

with the Curies as regards their new elements, came also, after a long

research, to some new element, or at least to some new Aariety of

uranium, which he named ""UrX,'' and which in his opinion is neither

polonium nor radium.* The new method of '"radiation analysis" had

thus completed its proofs.

Of course, so long as these new elements have not been separated

^ Ttiis fundamental property of the Becquerel rays was announced on the very

same day by Becquerel at Paris (Comptes Rendus, 1897, Vol. CXXIV, j). 438), and

by Lord Kelvin, J. C. Beattie, and Sinoluchowski Smolan at Edinburgh, l)efore the

Edinburgh Royal Society (Natiire, 1897, Vol. XLV, p. 447).

^Comptes Rendus, 1899, Vol. CXXVII, p. 1215.

•Ubid., 1900, Vol. CXXX, p. 906.

*Proceednigs of the Royal Society, tlie 10th ..f May, 1900.
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chemic-ally from their nearest of kin—bismuth, harimu. and titanium—
their existence nuist still remain (loul>tful. But the spectrum of radium
has ah-eady been examined by Demaryay ' and hy Dr. C. Runge under
a vei-y o-reat dispersion; and the great German specialist in spectra
found that radium really gives three distinct lines which belong to no
other element.'

The radio-activity of these new metals is realh^ striking. For polo-

nium it is four hundred times, and for radium nine hundred times,

greater than for metallic uranium. Radium illuminates a phosphores-

cent screen indefinitely, and its salts glow without requiring for that

a preliminary excitement l)y light, F. Giesel, who, almost siuuiltane-

ously with the Curies, obtained a substance that must be radium, saw
the chloride and bromide of this substance, although chemically iden-

ticid \\ith the same compounds of barium, sending such strong rays

that the shadow of a hand appeared on a phosphorescent screen at a

distance of 18 inches and the raj^s pierced metallic plates four-tenths

and eight-tenths of an inch thick. Salts containing an admixture of

the new su})stance were so phosphorescent that one could read in their

})]w light. As to polonium, although a pure specimen of it Avas as

phosphorescent as pure radium, its invisible rays had, however, a much
smaller penetrating power; even cardboard would weaken them.^

The inain interest of these researches is, however, in the problematic

nature of the Becquerel radiations. Are the}' not a general property

of matter, only varying in degree in different substances? This is the

(juestion which is now asked. Some thirty or thirty-five years ago it

was mentioned in some scientific reviews that various objects—a printed

page or a piece of metal—left their impressions on a white sheet of

paper if the two had been kept for some time at a small distance from

each other. These experiments, which seemed to prove the existence

of some sort of radiation of matter, interested me then a great deal

becaus<^ they gave support to a very ingenious theory, developed by

Seguin, concerning the existence of infinitely small particles of matter

dashing in all directions through space and penetrating matter. With

th(^ aid of these particles Seguin endeavored to explain gravitation,

heat, light, and electricity. Now W. J. Russell, continuing the experi-

ments of Colson on zinc and other metals,' laid before the Royal Society

in the autumn of 1807, and later on with more details, in a Rakerian

lecture, experiments having very much the same purport. He found

that certain metals (magnesium, cadmium, zinc, nickel, etc.) and ceilam

1 llevue Generale .len Sciences, the 'AOth of September, 1900, -rives :i plioto-rapli of

tliis Hpectruni.

' Annalen der Pl.ysik, 1900, 4tl. series, Vol. II, p. 742. I'ol..nium -uve .... <'l.a.-ac-

te.'istic li..'\s.

n^hysikalische Zeitschrift, Vol. I, 1900, p. 10.

*Conii)tes Rendns, 1S9H, Vol. CXXIll, p. 49.
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organic bodies (printing ink, varnishes) will act on a photographic

plate b}' their "emanations." exactly as if the plate had been acted

upon l»y light, the ])c)ile(l oil of the printing ink and the turpentine in

varnish being the active substances. Remarkably clear photographs

of a printed page and a lithographic print were thus o])tained without

the aid of liglit. iSIany organic su])stances act in the same wa^', and a

piece of old div ])f)ard gives its likeness simply after having been hiid

for some time over a photographic lilm, while a plate of polish(>d zinc,

separated from the him l)y a sheet of paper, will send its radiations

through the paper and give a photographic reproduction of its water-

marks.'

In what relation these "emanations'* stand to the Becqucrel rayw

can not yet be deteniiined. But it becomes more and more certain

that, like the kathode rays, the Becciuercd radiations also consist of

material particles projected from the radio-active bodies and carrying

electricity with them. They may possibl}^ be accompanied b}?^ vibra-

tions of ethei" of the nature of light, but the fact of a real transport

of particles of matter is rendered more and more apparent by the

researches of Bec<iuerel, the Curies, Elster and Geitel,^ and Ruther-

ford.^ The " emanations"' from thorium comjiounds are even affected

by drafts in the room. But these emanations are neither dust nor

vapors. They must be atoms, or ions, of the radiating bod}^ and

they comnumicate radio-activity, and, consequently, the power of dis-

charging electricity to the surfaces of the bodies with which they (;ome

in contact. From glass that " acquired " activity may be washed away,

while to other bodies it clings like a sprinkling of the "jack-frost"

powder, and ]M. Curie is described in Nature as being unable for a time

to make electrostatic experiments on account of this "acquired" radio-

activity.* Moreover, the Becquerel radiations exercise a chemical

action; they ozonify air, as they " ionize" it, and a glass bottle which

contains salts of radium takes a violet color, thus showing that chem-

ical processes are provoked by the radiations.^

' Proceedings of the Royal Society, Vol. LXI, p. 424. Bakerian lecture, delivered

on the 24th of March, 1898; Nature, the 28th of April, Vol. LVII, p. 607.

^Verhandlungen der deutschen physischen Gesellschaft, 1900, p. 5; summed up in

Naturwisi^enschaftliche Rundschau, Vol. XV, p. 10.3.

=* Philosophical Magazine, 1899, Vol. XLVII, p. 109; 1900, Vol. XLIX, pp. 1, 161.

*See E. Rutherford's paper in Philosophical Magazine, 1900, Vol. XLIX, p. 161;

also Nature.

^ A salt of uranium may be submitted to absolutely any chemical transformations,

but when you return to the salt from which you started in your work, you find in it

the very same electrical radio-activity which it had at the start. Impurities do not

affect it. The radiation seems thus to belong to the molecule of uranium, and hardly

to be influenced by external causes. (Sklodowska-Curie, in Revue Gen^rale, 1899,

X, p. 47.)
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Many problems relative to the structure and life of matter have thus
been raised by these researches. Various hypotheses are offered to

explain them, and J. J. Thompson's hypothesis—a further develop-

ment of his kathode-rays hypothesis—appears, after all, the most
probable. The molecules of which all bodies are composed are not

something- rigid. They live; that is, an atom or a " corpuscle " is

continually being detached from this or that molecule, and it wanders
through the gas, the liquid, or even through the solid;^ another atom
(or corpuscle) ma}^ next take its place in the broken molecule; and so

a continual exchange of matter takes place within the gaseous, liquid,

or solid ])odies, the wandering "corpuscles " always carrying with them
the sort of motion which we call an electrical charge. Those atoms or

corpuscles which escape from the surface of the body would give what

we call now Becquerel rays, and it would not be a simple coincidence

that those two elements which possess the greatest atomic weights, and

consequenth^ have the most complex molecules,'^ possess also the highest

radio-activity. We know that in solutions the so-called unstable com-

pounds play an immense part; they are continually broken up, losing

part of their atoms, and are continualh^ reconstituted as the}^ take in

new atoms. And we know that in living matter the most compound

molecules—those of albumen—are those which are split up most easily,

and that what we call life consists in a continual splitting up and

rebuilding of these molecules. Are not the Becquerel radiations

revealing to us that continual splitting and rebuilding of molecules

which constitutes the life of both inorganic and organic matter?

These are the grave questions which natural philosophers are brought

to ask themselves, and which will certainly require many more patient

researches.

1 Compare with Roberts-Austen's researches on the permeation of solid metals,

mentioned in a previous " Recent Science " article.

'Thorium, 232.6; uranium, 239.6. Both belong to the twelfth and last series of

Mendeleeff. The atomic weight of radium must be greater than 174. (Comptes

Rendus, CXXXI, p. 382.

)
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By ViviA>' B. Lewes, F. I. C, F. C. S.

There is nothing more wearying- to the practical man than to listen

to the preachings of the scientist who imagines that the thoughts born
within the four walls of his study are superior to the hard-earned
experience of years of labor, and nothing is further from my intention

than to impose this sufl'ering upon you. There are, however, sides to

many questions which can })e made clear; details, the explanation of

which can help, and innovations, the description of which will interest

those employed in actual every-day work, and it is in this way that

lectures can be made most valuable, while the more practical working
experiences find their most fitting record in the discussion which every

lecturer hopes to excite.

It was long before the incandescent mantle came to the help of the

gas engineer in his fight against the threatened encroachments of the

electric light that the name of Auer von Welsbach became known to

the scientific world as one of the most promising students in the

domain of the rare earths that the world-famous la])oratories of Hei-

delberg and Vienna had produced.

Boiling a solution of some of these rare oxides, and using a ragged

sheet of asbestus card to shield the beaker containing the solution of

the salts from the fierce flame of the Bunsen Inirner, he noticed that a

small quantity of liquid, having boiled over and having evaporated on

the projecting fibers at the edge of the card, endowed them with the

power of becoming brilliantl}^ incandescent under the exciting jicjit of

the nonluminous flame. Seizing the clew thus obtained, Welsbach set

himself to solve the problem of how to utilize the manifestly high

light emissivity of these bodies as a practical aid to artificial illumina-

tion, and the result of that quest has been to place the gas industry

well beyond the reach of electrical competition for many years to

come, and to insure fame and more substantial reward to the keen

> Paper read before the Institution of Gas Engineers, on May 3, by Vivian B.

Lewes, Professor of Chemistry, Royal Naval College, Greenwich, England. Printed

in Progressive Age. Reprinted in Scientific Anieri(;an Supplement, Nos. 1230, 1231,

July 29, August 5, 1899.
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worker whose practical appreciation of the importance of his discovery

resulted in one of the most phenomenal successes of modern times.

The term "rare earths" is one of those anomalies which mar the

vaunted precision of science, as although it might justly be applied to

tlie oxides of many metals, it was in 1SS5 used to designate a small

l)and of metallic oxides which occur in certain rare minerals, of which

cerite and gadolinite may be taken as types.

The term '"earth" was applied to such l)odies as the oxide of chro-

mium, C'raO.,; and alumina. Ai,,();,, wiiile the ''alkaline earths" were

the calcium and magnesium groups.

Thes<> rare earths were generally considered to be: (Vrium oxide,

CcjO.,; lanthanum oxide, LaoO.,; didymium oxide, D^'^O.,; ytti'ium

oxide, YgO^; erbium oxide, KraOj; together with some others even

scarcei-, and these are divided i>ito two gi-ou|)s:

('(•rite onrths. YitiTite earths.

Cerium (jxide, Yttrium oxide,

Lantiianum oxide, Krhinin oxide,

Didymiiun oxide,

which are easily divided from each other by the action of an excess of

potassic sulphate, the cerite eartiis foiniing "alums" which are insol-

uble in potassic suh)hate and so s(>parate out. while the ytterite earths

r(>main in solution. These rare earths are all bases, but there are

other metallic oxides, ecpially rare, which })lay an important part in

mantle making, but can not be classiiied with them. Thoria, ThOg,

and zirconia, ZrOa, are not earths, and in some combinations' show

rather an acididous than a l)asic tendency. These two metals, thorium

and zirconium, are classed with titanium, silicon, etc.

It was with the study of these oxides that Welsbach was most con-

cerned at the period when his early attempts began to assume tangil)le

shape, and having discovered the possibility of making a mantle to lit

the shape of a nonluminous Bunsen tiame b}'^ soaking a cotton fabric in

a solution of salts of the rare earths and then burning out the organic

matter in such a way as to leave a ghost of the departed threads built

up of the oxides of the metals used—thin enough to be excited to

luminosity by the heat of the flame, and yet resistant enough to retain

its shape under the temperature to which it was submitted—he took

out his celebrated patent of 1885, which has proved an efficient first

line of defense against those who, left without the charmed circle, yet

have hungered for the baked meats within.

In the 1885 patent Welsbach protects the idea of making a mantle

by saturating the cotton fabric and then burning ofi', using mixtures

of the salts which he gives as "60 per cent zircouia or oxide of zir-

conium, 20 per cent oxide of lanthanum, 20 per cent oxide of yttrium.

The oxide of yttrium may be dispensed with, the composition then

being 50 per cent zirconia and 50 per cent oxide of lathanum. Instead
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of using the oxide of yttrium, ytterite earth, and instead of the oxide
of lanthanum, cerite earth, containing- no didymium and but little

cerium, may be employed." v

As a commercial article, the mantles made under this patent were
dire failures; they gave a candlepower which varied from H to 6 can-

dles per foot of gas consumed, and were so friable that the mantles of

to-day seem giants of strength as compared with their puling fore-

fathers. They, however, fullilled the important function of launching

the idea of the mantle, and hardly had the patents been taken out than

Welsbach made the further discovery that by going outside the group
of rare earths, and by replacing zirconia as a basis by thoria, increased

life and strength could be given to the mantle, and this was protected

by the patent taken out by Welsbach in 1886.

In this patent he protects the use of thoria alone or in admixture

with zirconia, lanthana, yttria, didymia, erbia, magnesia, or alumina.

During the next few years the composition of the mantles made by

the Welsbach companies was of a ver}^ varial)le character, but the

largest proportion of them consisted of commei'cial thoria and gave a

light of 6 to 8 candles per foot of gas, this being due to the fact that

the material used was not pure and contained traces of ceria, which

gave it the power of emitting what was then a considerable amount of

light.

Pure thoria gives a practically nonluminous mantle, and with chem-

ically pure material the light obtainable is under 1 candle per cubic

foot of gas, while even now a mantle made from the commercially

pure thoria, manufactured for mantle making, gives a light of from 4

to 5 candles per cubic foot of gas, this being entirely due to the diffi-

culty of separating the last traces of ceria; and as 0.1 per cent of ceria

causes the thoria to give about 5 candles per foot of gas, it is difficult

to obtain a sample which does not give a certain amount of light.

The use of ceria together with thoria is mentioned in some of Wels-

bach\s early foreign patents, but the exact date at which it was first

realized that ceria in traces had the marvelous effect on the light

emissivity of the thoria mantle that we find in the mantles of to-day is

not very clear, but it is evident that the advantage of the presence of

small (juantities of ceria was beginning to be realized by 1891, when

Mr. W. McKean, the chemist of the English Welsbach Company, read

a very interesting paper before the Society of Chemical Industry and

pointed out that ceria is by no means a disadvantage in small quanti-

ties, as it adds to the constancy of the illuminating power, and he

gives a table showing the influence of the presence of ceria in the

lighting fluid, and also the influence upon the light which increasing

percentages of ceria have. Thus, for instance, the ordinary lighting

fluid contains 0.25 per cent of ceria, gives 25 candles for a consumption

of 2.5 cubic feet of gas, or 10 candles per foot, while increasing the
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percoiit;i}4*o of ccvia in tho fluid to 0.5 roducos this to 18 candles for 2.5

cul)ic feet, and when 1 per cent of ceria is added a further reduction

to 13.5 candles for the 2.5 cubic feet i.s found; but while the candle-

power lost 43.2 per cent in 1,000 hours with the 0.25 per cent of ceria,

it only lost 12. > per cent in one experiment and 2S per cent in another

with 1 per cent of ceria present in the ori^'inal fluid. He also o-ives

in the same paper as a composition foi' a mantle "'iving a yellowish

light: Lanthana, 40 per cent; thoria, 28 per cent; zirconia, 80 ])er

cent; ceria, 2 pei- cent; showinj^- that at this period the use of ceria

in small quantities in mantles containinj'' thoria was by no means

unknown.

Later on. in lsl)3, Mr. Moeller. havin«if clearly realized that commer-
cial thoi'ia contained traces of ceria and that it was owin<i" to this that

the earlier mantles gave any light, took out a patent in which he sought

protection for thoria in combination with very small traces, not ex(e(>d-

ii\g 1 or 2 per cent, of cei'tain other rare metals, such as uranium,

cerium. terl)ium, neodymium. samaiium. piaxeodymiuni. yttrium,

and lantliatuuu. and the mantles of to-day nearly all consist of W^ per

cent thoiia and 1 pi'r cent ceria; as although several of the oxides

mentioned in miiuite traces endow a nonliuninoiis thoi'ia mantle with

the power of emitting light, yet e(M'ia so far transcends tlie others, not

only in its power of exciting Imninosity. but of keeping u}) the illumi-

nating power over a long period, that as far as our knowledge goes it is

needless to look ))eyond it.

An absolutely pure thoria mantle gives less than 1 candle per (•ul)ic

foot of gas consumed, a pure ceria mantle gives but little light and of

a red nature, so that for all practical purpcjses the ingredients when
used alone are valueless, but the smallest addition of ceria gives a

rapid leap up in its power of light emissivity, which reaches its maxi-

mum when from O.H to 1 per cent of the total oxide consists of ceria,

further additions causing a rapid falling otf in the light, while the

light emitted tirst assumes a yellowish and then a reddish tint as the

percentage increases.

The following curve of candlepower and percentage of ceria shows

the average result obtained, but it must be borne in mind that certain

traces of impurities derived from the ash of the cotton and from the

salts used lower to a certain degree the absolute candlepower, although

they do not affect the general contour of the curve. (Fig. 1.)

Several attempts have been made to explain the wonderful power of

light emissivity possessed by the thoria- ceria mantle. Dr. Drossbach

was of opinion that the rare earths had a special action in converting

the heat rays into light rays, and that the molecules of ceria acted by

bringing the heat vibrations of thoria to the most favoi'able state of

resonance with the vibration of the hot flame gases. Dr. Moscheles

and Dr. Killing both pointed out that cerium formed two oxides and
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that other metals having the same characteristics would act as exciters
when used in the proper proportions, and both attributed the high
incandescence of the mantle to changes in the state of oxidation
increasing the intensity of combustion on the mantle surface, while
Dr. Killing also pointed out that a catalytic action probably took
place.

Dr. Bunte has given by far the best exposition of the theory of the

incandescent mantle, which if it does not make all points clear, yet
offers a simple and probable explanation of the observed phenomena,
which he ascribes to intense local temperature due to the ceria exer-

cising a power of attracting oxygen and causing its combination with

the flame gases.

The remarkable influence which ceria exerts in awakening light

emissivity in the mantle becomes still more remarkal)le when one con-

siders that although the percentage by weight of the ceria is only 1,

yet that by volume it is enormously less. When nitrate of cerium is

2S

10

5
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Another example which bears closely upon the case of the ceriu is to

be found in the action of platinum upon mixtures of hydroo-en or coal

gas and air. If a piece of platimun foil bo heated to redness in a

Bunsen flame, and the gas be then turned out and again turned on

before the platinum has had time to grow too cool, it again becomes

heated to redness in the stream of gas and air and continues in that

condition as long as the gases are passing over its surface, while if

brought to what would have been the outer envelope of the tiann^ had

the gaseous mixture been alight, the temperature is so increased that

the ignition point of the gas is reached. The action here is what is

known as catalytic or surface action, and is due to the fact that plati-

num has the power of condensing gases upon its surface, and in doing

so renders them so chemically active that combination between the

condensed gases is often induced, and in the case of the coal gas and

air enough heat is evolved on the surface of the platiimm to raise it to

redness. The result being due to surface action, it is manifest that an

increase of the surface nuist increase the activity of the substance, and

if, instead of taking metallic foil with its comparatively small area of

exposed surface, spongy platinum made by reduction from piatinuin

salt or asbestus coated with the reduced metal be employed, ignition

of the gaseous mixture without the preliminary heating takes place.

The fact that the platinum foil remains red hot in the stream of

coal gas and air, which is only at atmospheric temperature, at once

shows that the heat evolved by such an action is localized in the bod}^

starting the action, and it is manifestly possil)le, and indeed probable,

that the very minute particles of ceria scattered over the surface of th(^

inert thoria and so subdivided as to be capable of easy and rapid heat-

ing to a very high temperature may give rise to an action of the same

kind. Indeed, one knows that to a certain extent this is so, because if

the mantle burner be turned off and again turned on while the mantle

is still hot, the mixture of gas and air is reignited. although the rod and

mantle material are manifestly l)c!ow the ignition point of the gas, and

the fact that this does not take place with a pure thoria mantle is a

fairly good ])roof that it is the ceria and not the thoria w^hich is acting.

Dr. Bunte has found that thoria had no influence in bringing about

the combination of hydrogen and oxygen, and the temperature at which

the two combined to form water was the same whether thoria was

present or not. but that the presence of ceria caused them to combine

at 600'-^ F. instead of 1,200° F. This being so, the question arises as

to what the action can be that the ceria induces, the localization of the

heat from which causes its minute and subdivided particles to glow

with so high an incandescence.

When in a Bunsen burner the admixture of gas and air has been

carried to the extreme limit, so that what would have been the inner

cone of the Bunsen flame settles down as a green and seething sheet
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on the gauze of the burner top, being indeed onl}^ prevented from
flashing- back in the tube bj^ the conducting power of the gauze and
the accelerated rush of the gas and air mixture through its meshes,
the combustion is being completed in two stages, the first taking place

on the surface of the gauze where the hj-drocarbons of the coal gas
undergo incomplete combustion at the expense of the oxygen of the

admixed air 3ielding carbon monoxide and hydrogen, together with

small quantities of carbon dioxide and water vapor, and it is the com-
bustion of the carbon monoxide and hydrogen which gives the outer

flame in which the mantle is heated, this combustion entirely taking

place at the expense of the oxygen derived from the air surrounding

the flame and not from the air originally mixed with the gas in the

burner tube. It is a mistake to speak of this outer flame as a "solid

flame," an expression often used in connection with burners in which

sufficient air is introduced with the gas to flatten the inner zone onto

the gauze, as it is merely the structureless flame which is always ob-

tained on l)urning gases like carbon monoxide and hydrogen which

burn only in one stage. An}' user of mantles knows perfectly well

that it is only in the edge of this outer flame that the mantle material

acquires its true incandescence, this being due to the fact that it is only

when the maximum quantity of air and the carbon monoxide and

hj'drogen meet that the highest temperature is attained, and it is here

that combustion is at its fiercest and that the catalytic action of the

ceria creates points of high intensity.

The view put forward by Moscheles and Killing may be shortly

stated as follows: Cerium is a metal which exists in two states of oxi-

dation, a lower or cerous oxide, CegOj, and a higher or eerie oxide,

CeOo, and it is easily conceivable that in its highly subdivided condi-

tion and at a high temperature, exposed as it is to the high reducing

action of hydrogen and car])on monoxide, which tend to take oxygen

from it and convert it into cerous oxide, and also to the oxidizing action

of the air, which tends to again build it up into eerie oxide, a contin-

ual oxidation and reduction is taking place, the abstraction of oxygen

from the air and its liberation to combine with reducing gases on the

surface of the ceria raising these attenuated particles far above the

temperature of the flame.

It is quite clear that whether one accepts the Killing theory of dual

oxidation, or Bunte's of catalytic action of the ceria, one arrives at an

explanation of the fact that unless the mantle be just in the right posi-

tion so that both the air and flame gases have access to it, the lumi-

nosity is practically destroyed.

It iuay be roughly stated that there now exist two classes of theory

with regard to the mantle, the first being that the ceria or ceria and

thoria exercise some occult power in converting heat rays into light,

and the second, the theories of Killing and Bunte, which ascribe the

SM 1900 28
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wonderful light omis.sivity to the exalted temperature l)rou«>"ht about

by local combination due to the power of the ceria in attracting

oxygen, and it matters })ut little Avhether this he ])roaght about by a

purely chemical or b}' a physicochcmical action.

It is clear that if the light be due to the conversion of heat rays into

light, on heating the material out of contact Avith air, the same difier-

ences in their power of emitting light should be observed as exist in

the mantle, and several experiments have been made in order to find

if this were so or not.

Dr. Bunte took a thick-walled tube of arc carbon, having the walls

of its middle portion reduced for a length of 4 inches to a thickness

of 0.059 inch, and heated it by an electric current until the middle por-

tion attained a most intense white heat far above 3,630^ F. In order

to prevent combustion and loss of heat, the middle of the tul)e was

embedded in magnesia, overwhich asbestus was wrapped. Small s(iuare

prisms—()..5*,> inch long by 0.28 inch wide—of magnesia were coated

with the substances to })e examined, and each was cemented to a simi-

larly shaped piece of carbon or magnesia, so that the two adjoining

faces consisted of the two substances to })e compared. On placing these

dou])le prisms in the tul)e it was possil)h> with certain prin-autions to

observe the relative intensities of the radiation bv comparing the two

halves of th(^ surface visil)lc in the tu))e. These researches showed

very small diH'ei'cnces in the intensity of tiie radiation from cai'bon,

magnesia, ])ure oxides of thorium and cerium, and the Welsbach

mixtuiH\

Within the last few weeks eontirmation has been given of 1 )r. Hunte's

results by an (extremely interesting paper communicated to the Royal

Society by Mr. A. A. C. Swinton. in which he inclosed the luminous

materials in a vacuiun tube and subjected them to bombardment l)y

means of cathode rays which would raise them to a very high tempera-

ture, as it is possil)le by such a method to melt platinum and glass and

bring tinely divided carbon to l)right incandescence. The mantle to

be experimented on was mounted on a platiinnn wire frame and placed

between the two electrodes, so that as the electric current alternated

and each electrode became in turn the cathode the mantle was sul)-

jected on alternate sides to cathode-ray bombardment. Experiments

were made with mantles consisting entirely of ceria and thoria. l)oth

separate and mixed in diti'erent proportions, and in order to obtain

accurate comparisons between the pure oxides and different mixtures

the mantles were made in patchwork, each mantle being made up of

two or four sections separately impregnated with different solutions

and then sewed together with impregnated cotton before being burned.

With a compound mantle prepared in this way, composed ojie half

of pure thoria and the other half of a mixture of 99 per cent thoria

with 1 per cent ceria, it was found that after exhaustion on starting
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the cathode discharg-e the thoria plus ceria heated up to incandescence
more rapidly, and on stopping the discharge cooled more rapidly than
the pure thoria. Further, when at full incandescence and observed
through a dark glass the thoria plus ceria was slightly more luminous
than the pure thoria, though the difference was very small, probably
not more than 5 per cent. Owing to the difficulty of obtaining a con-
stant vacuum, accurate photometric measurements were not possible

but the amount of ligfht under favorable conditions was roughly esti-

mated as at least 150 candlepower per square inch of incandescent sur-

face, this being obtained with an expenditure of electrical energy in

the secondary circuit of about 8,000 volts pressure of approximately

1 watt per candle. Tiie amount of exhaustion suited to give the best

results varied with the dimensions of the tube and the conditions men-
tioned in the paper, but was approximately about 0.00005 atmosphere,

the maximum luminosity being obtained when the dark spaces of the

two cathodes just crossed at the center of the bulb. Owing to the

large amount of gas occluded by the mantle, a proper degree of per-

manent exhaustion was very difficult to arrive at, and required con-

tinuous pumping for many hours, with the cathode raj's turned on at

intervals.

Even then the conditions of maximum luminosit}" were exceedinglj^

imstable, owing to the further liberation of occluded gas on the one

hand and on the other to the rapid increase in the degree of exhaus-

tion, owing to absorption of the residual gas ])v the electrodes. That

such absorption probably took place in the aluminum electrodes and

not in the mantle Avas demonstrated by other experiments with a tube

in which there was no mantle, but only two electrodes of aluminum

wire.

These experiments all point to the fact that the idea of a mixture of

99 per cent thoria and 1 per cent ceria having the peculiar power of

converting heat rays into light, while thoria and ceria alone have not

this power, or at any rate only have it to a veiy limited extent, is not

tenable, as otherwise the same diti'erence would have been noticed when

the materials were heated either in the carbon-tube furnace or in the

vacuum tube, and this undoubtedly gives great support to the second

theory.

It lias been pointed out that the amount of ceria in the mantle is so

extremely small that it seems hardly credible that any surface ac-tion

that it possessed would play an importan<^ part in the production of

luminosity, but Dr. Bunte answers this objection by saying that

^'according to Davy\s theory, the illuminating power of an ordi-

nary gas flame is due to particles of carbon which are separated

from the gas and raised to a white heat. The carbon arises chiefly

from the decomposition of the heavy hydro carbons ethylene and ben-

zene, which form together about 5 per cent of the volume of the gas.



396 INCANDESCENT MANTLES.

Assuming, for the sake of simplifying* the calculation, that all the car-

bon of the benzene and half that of the ethjdene is separated and

hcatod to incandescence in the flame, it may he calculated that about

54 milligrammes of carbon arc separated from a liter of good coal gas

(23.6 grains from 1 cubic foot). Thus 4 per cent of ethylene and 1

per cent of benzene gives per liter of gas 00 cubic centimeters of car-

bon vapor from the henzene and 4(» cubic centimeters from the eth}^!-

ene, in all 100 cubic centimeters, which is equivalent to about 54

milligrammes of carbon. The volume of the luminous portion of a

flame having a consumption of 5.297 cubic feet per hour and an illumi-

nating power of 17.5 candles is about 2 centimeters at 32° F. There

2 X 54 .

is, therefore, in it l . y niilligranmies, or O.i milligrammc=().O015

grain of incandescent carbon. Such an extremely small quantity of

incandescent carbon as 0.0015 grain gives the luminous surface to the

gas flame and emits a light of 17.5 candlepower. Now. the 1 per cent

of ceria in the Wels})ach mantle amounts to about 4milligranmies (0.06

grain) per mantle, or about forty times the quantity of incandescent

carl)()n in an ordinary flat flame. The quantity is, therefore, quite

suflicient to explain why tlie WelsV)a('h burner may give a light of 60

candles while the flat Hame. or Argand hurner, furnishes only 17.5

candles."

The only other legalized mantle at present before the pu})lic is the

Sunlight, the ingredients of which consist of alumina and the oxides

of chromium, and it is interesting to see how far the light yielded by

this mantle can b(> attril)uted to the same action as in the ease of the

Welsbach. If a mixture of alumina or alumina and zirronia with

aver}' small percentage of chromium be employed, a very high eandle-

power is produced, Avhich, however, soon dies away, owing to the

volatilization of the chromium compound, while if the amount of

chromium present be increased, the mantle acquires a more ruddy

light and retains its illuminating power for a much longer period, so

that, with a proper percentage of chromium, a candlepower of 10 to

11 candles per cubic foot of gas can be obtained for a period of 400

to 500 hours, and it is noticed that the chromium, which on first burn-

ing shows as green chromium oxide, rapidly combines with the alu-

mina to form a pink compound which has much the same composition

as the ruby, and it is quite probable that the increased life given by

the larger quantity of chromium is due to the fact that the lighting

power of the mantle is really dependent on small traces of the oxide

of chromium, and that as this gradually volatilizes off from the sur-

face of the mantle some of the pink compound gets dissociated by

heat and supplies a fresh portion of chromium oxide to the surface of

the mantle, this pink compound being far less volatile than the chro-

mium oxide itself.
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Thoria, as far as the life of the mantle goes, is perhaps the most
important constituent, as there is no other known oxide which will

stand heat for so long- a period without being aifected l\y it, and the
getting away from shrinkage in the mantle was one of the chief steps

which led from the failure of the early mantles to the success achieved
by the later ones.

Moreover, thoria is a body having a very low specific heat, and
owing to its bulk when produced from the nitrate of thorium by the

action of heat is a good nonconductor, so that the temperature created

on the surface of the ceria particles is more readily localized there.

Within the last few years attempts have been made to attack the

question of mantle making from a different standpoint. Admitting the

superiority of thoria with its 1 per cent of ceria over other mantle

mixtures, efforts have been made to o})tain mantles of filaments of this

mixtui'o upon the principle under which the old Clamond basket was
made.

Clamond produced his incandescents by making a paste of magnesia

with acetate of magnesia in solution, and molded the mixture into

threads by squeezing through holes in a plate, the threads while still

moist and plastic being wound to the required shape on a mandrel or

mold, the still moist threads being pressed together and made to cohere

at the points where they crossed each other, and then on baking the

acetate luting burnt to oxide and the coherent magnesia hood or basket

remained.

The reduction in size of the filaments to be rendered incandescent

was a great advance over the old lime light and enabled incandescence

to be produced by a burner instead of a blowpipe, while Welsbach's

discovery, or rather adaptation of the principle of saturating a fabric

and incinerating, created a new era in incandescence by giving a degree

of fineness not before approached.

As was natural, attempts were then made to reduce still further the

size of the filaments in the Clamond basket, and on November 4, 1890,

Lungren patented a distinct advance. It was found that if you made

a plastic filament as Clamond had done, but finer in substance, it dried

very quickly, and on attempting to make the material cohere at the

crossing of the threads, those first wound on the mandrel, being drier

than those wound across them, were harder, and on pressure bemg

applied cut through the softer threads instead of welding with them.

Finding this, Lungren patented the idea of making a plastic mass of

some elastic material charged with refractory earths or metallic oxides,

expressing from some such mass fine wires or threads, weavmg or

interlacing the threads into a fabric from which the cone or mantle

could be made and then burning out the combustible clastic binder. In

making this binder he gives mixtures of glue with glycerin, india

rubber dissolved in naphtha, or boiled linseed oil as examples, but also

says that a variety of materials may be used.
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One of the nio.st reiiuii kable developments of the last fifty ^^ears has

been the wonderful way in which the lower form of gun cotton, known
as collodion cotton, has l)een utilized for commercial purposes, and at

the present time it bids fair to invade the territory of incandescent

mantle making-. It was in 1838 that the chemist Pelouze drew atten-

tion to the fact that when paper was acted upon by the strongest nitric

acid it increased in weight and acquired the property of burning with

enormous rapidity, while as early as 1S82 Braconnot had prepared a

substance called ""xyloidin" by acting upon starch, linen, and sawdust

iri the same way. It was not, however, until 1S45 that any serious

attention was directed to the use of such su))stances as explosives,

when Schonbein first called attention to nitrated cotton wool and advo-

cated its use as a substitute^ for gunpowdor, showing that in explosive

energy it was far superior to it.

Experiments were at once instituted on a large scale and its manu-

facture carried on in Kngland and also on the Continent, but in lS-t7

a very serious cxpiosioM occurred at the works in which it was maiui-

factured l)y the Messrs. Hail, at Faversham, while a year later an

even more serious ex])losion followed in the gun-cotton factory at

Bouchet, near Paris, and as no reason could l)e assigned for these and

other similar explosions, gun cotton was lookinl upon as too danger-

ous an explosive for ordinary use. and its maiuifacture was for a time

discontinued.

During this brief period, however, it had been discovered that if

the strength of the nitric acid emi)loyed in the manufacture were

slightly reduced, a compound was formed which had the property of

dissolving in a mixtui-e of alcohol and ether, which was not the case

with the true gun cotton, and that on allowing the solvent to evaporate,

a semitransparent mass was left in which no trace of the structure of

the original material remained. This solution was eminently adapted

for forming thin films on glass plates, and as this was a great desid-

eratum at this particular period for photographic purposes, the new
material began to ])e manufactured on a fairly large scale. It was

soon found that by slight modifications in the method of manufacture

and by loading it with various foreign materials, excellent imitations

of amber, ivorj^, and tortoise shell could be obtained, with the result

that the manufacture of collodion has now attained considerable

importance.

One of the most beautiful applications of collodion is the manufac-

ture from it of artificial silk. In the interesting but little-known

town of Besanfon, the French inventor Chardonet has established a

manufactory in which collodion made by nitrating wood pulp is dis-

solved in the smallest possible quantity of alcohol and ether, and the

emulsion is then squeezed out under a pressure of 750 pounds to the

square inch through capillary glass tubes, the clear way of which is
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less than one-hundredth of a millimeter, this enormous pressure
being required to cause the material to flow evenl}^ through the exces-
sively small apertures. The filaments of from ten to twelve of these
tubes are then twisted and wound on to a bobbin in a machine of the
same character as used for the spinning of silk fiber. The air of the
room in which this operation is carried out is kept at a sufficiently

hioh temperature to cause the instantaneous setting of the filaments
owing to the evaporation of the alcohol and ether, so that within 3 or
4 inches of the tube from which the material is issuing it has lost all

stickiness and may be twisted without cohesion between the threads.

These threads have all the appearance of silk, but have one serious

drawback, that being practically a low form of gun cotton, they are

excessively inflammable and burn with a violence only a little removed
from that of true gun cotton. In order to overcome this trouble, the

skeins of artificial silk are soaked in amnionic sulphide, which has

the ert'ect of what is termed '' denitrating'' them and converting them
once more into cellulose, so that after washing and drying the mate-

rial is not more inflammable than an ordinary fabric. This material

is capable of taking every .shade that the dyer's art can impart to it

and foi-ms a most beautiful and wonderful imitation of silk, lacking

only to a slight degree the elasticity found in the original article.

This extremely beautiful process was brought to perfection bj-

Chardonet and protected by him during the period which extended

between 1886 and 1893, and in 1894 De Mare took out a patent for

making incandescent filaments by charging collodion with metallic salts

and oxides, squeezing into threads, weaving, and burning. In this

patent, however, he makes no mention of denitrating the collodion

filaments before burning, which would make it extremel}' difficult to

make a mantle according to his patent.

In 1895 Knoffler patented the manufacture and denitration of collo-

dion threads or filaments loaded with oxides or salts, and in his first

claim mentions that the filaments may be "individual or spun and

eventually wrought or woven threads which are made after the manner

of the so-called artificial silk."

Latej- on Plaissetty took out a patent which differs from Knofiler's

only in that he uses glacial acetic acid as the solvent for his collodion

cotton, and instead of denitrating with ammonic sulphide, uses a solu-

tion of sulphide of lime, which, however, has the drawback of leaving

a trace of lime as an impurity in the finished mantle.

Mantles made by such methods as those devised by Knofiier and

Plaissetty are developments of the Clamond hood and not of the Aucr

mantle, the difference being that whereas the Clamond class consists

of filaments of even density made by squeezing a plastic material

into rods or threads which, after the binding material is burned off,

leave a uniform mass of oxide, the Auer class consists of filaments
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having a dense central portion surrounded l)y a more or less spongy

coating, due to the fact that the soaked fabric on burning off leaves the

oxides produced from the interior of the capillaries in a dense state

while the salt on the exterior of the cotton in its conversion into oxide

bj'^ heat is rendered spongy by the escape through it of the gaseous

products of the combustion of the cotton, so that if a section of one of

the lilaments constituting a strand could be examined under the micro-

scope, the appearance would be somewhat as described. The physical

effect of this on the mantle is that the Clamond class is harder than the

Auer and does not show the same high incandescence until the surface

of the filaments has become eroded b}^ burning for a short period, the

life of the Clamond class when made of the same material as the Auer,

however, being longer. For instance, two mantles made one b}^ the

Plaissetty and one by the Auer method so as to 3'ield an ash containing

99 per cent thoria and 1 per cent ceria would give curves of the

following character (tig. 2), the total life of the Knoffler and Plaissetty

mantles being probably a third longer that of the Auer:
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alwa3\s been a weakness in the fabric, and to make the strangulation at

the top of the mantle l)y sewing it around with fibers of the same charac-
ter as those of which the mantle itself is made, this constricted annu-
lus then resting upon a supporting ring which is fixed as the ordinary

support in the center of the mantle.

The asbestus thread has always weakened the top of the mantle
owing to the difference in the rate of contraction during burning off,

and with a mantle merely resting on a supporting ring in this way you
get what is really an antivibrating arrangement which materially

enhances the life of the mantle for outside work.

The matter which 1 have brought before you has already occupied

so much time that 1 do not propose to go into the question of burners.

Many highly vaunted improvements have been introduced during the

last two years, but they have all been based upon the idea first intro-

duced ])y Bandsept of getting the proper admixture of the maximum
of air and gas to be burned at the bottom of the burner and completing

and perfecting the mixture close to the mouth of the burner where

the combustion is to take place.

In many cases the increased luminosity given by such burners is

really due to the length of tube, the increase of which acts in the same

way as increase in gas pressure. These improved l)uruers have shown

themselves to be extremely variable, as while with carefull}' adjusted

samples and careful manipulation in the laboratory it has been possi-

ble to get as much as twenty-five candles per foot of gas with a prop-

erly prepared Welsbach mantle, yet in practice on a big scale the duty

given is quite as often seventeen candles or less, and the old Bandsept

burner, when properly made, is still as good as or better than any of

the new ones.





THE IMPERIAL PHYSICG-TECHNICAL INSTITUTION IN
CHARLOTTENBURG/

Bv Henry 8. Carhart.

I. HISTORICAI..

Through the courtesy of Professor Kohlrausch, president of the

Reichsanstalt, and the curatorium or governing body of the institu-

tion, the writer was accorded the privilege of working in the Phvsi-

kalisch-Technische Reichsanstalt as a scientific guest during the last

few months of 1899. An unusual opportunity was thus aftorded of

learning rather intimately the methods employed and the results

accomplished in this famous institution for the conduct of physical

research, the supply of standards, and the verification of instruments

of precision for scientific and technical purposes.

It is well known that the Reichsanstalt is situated in Charlotten-

burg, a suburb of Berlin just be3'ond the renowned Thiergarten. The

buildings occupy an entire square, the larger part of which, valued at

500,000 marks, was the gift of Dr. Werner Siemens. In making this

gift, which was offered in land or money at the option of the Govern-

ment, Dr. Siemens declared that he had in mind onl}^ the object of

serving his fatherland and of demonstrating his love for science, to

which he avowed himself entirely indebted for his rise in life. The gift

was made as a stimulus to the Government to establish an institution

for physical research. The kind of institution desired had been amply

described in suitable memorials prepared l)y himself, Professor \on

Helmholtz, and others of scarcely less distinction. The first memorial

bears date of June 16, 1883. It relates to "The founding of an insti-

tution for the experimental promotion of exact natural philosophy

and the technical arts of precision." It points out the need of such

an institution, details the benefits likely to accrue from it, lays great

stress on the intimate relation existing between scientific investigations

and their application in the useful arts, and sets forth somewhat in

'A paper presented at the one hundred and forty-sixth meeting of the American

Institute of Electrical Engineers, New York, September 26, 1900. President Hering

in the chair. Reprinted from Transactions of the Amerii-an Institute of Electrical

Engineers, Vol. XVII, Nos. 8 and 9, August and September, 1900.
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detail a plan of organization. The memorialists had in mind at that

time a ""physico-mechanical institution,'' but in a memorial of the

following- year (March 2(»'. 1S.S4) the title was changed to the one which

the institution now bears—"Physikaliseh-Technische Reichsanstalt."

From this second memorial it is learned that the first steps toward the

furtherance of exact science and technical precision in an institution to

be founded and maintained l)y the State w(M-e taken as early as 1S72.

This movement had the support of the crown prince, the late Emperor
Frederick, and the matter was taken in hand l)y Count von Moltke as

chairman of the central bureau of metrology in Prussia. He called

together a commission near the end of the year 187H, and in the fol-

lowing January this conunission reported a series of })ro})ositi()ns for

the improvement of the scientific mechanic arts and of instruments

of precision. These propositions formed the foundation for a memo-
rial on the same subject to the Chaml)er of Delegates of the Prussian

Government in bsTd. The result was that a})propriate rooms were set

aside in the new buildingof the Technical High School in Charlottenburg

for the organization of an institution for the cultivation of the arts of

precision.

The general plan of the Reichsanstalt was adopted in 18ST, and an

appropriation of 8^)S,:>54 marks was made and spread over the budget

for three years. The main building for the first or scientific division

was completed in 1S93. The second or technical division was housed

in a portion of the Technical High School till the buildings for this

division were completed, in 1897. All departments of activity of the

Reichsanstalt are now acconmiodated on the square facing on March
strasse in Charlottenburg. They include the division for pure scientific

research, mechanical measurements of precision, electrical measure-

ments and instruments, the measurement of large direct and alter-

nating currents and electromotive forces, the optical department, the

department of thermometry, the department of pyrometry, and the

department of chemistry. To these as auxiliaries should be added

the power plant and the workshop.

II. ORGANIZATION.

The two divisions into which the Reichsanstalt is divided correspond

to the two paramount objects which the founders had in view, viz,

research in pure science and the cultivation of precision in the tech-

nical applications of science. The same idea is embodied in the very

name of the institution—The Imperial Physico-Technical Institution.

If the sole purpose of the Anstalt had been the pi'omotion of improve-

ments in the mechanic arts, in engineering, and in instruments of pre-

cision, the first, or scientific, division would still have been essential to

secure the ends sought. All the applications of science rest on the

foundation of pure scientific discovery. The creation of new and
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impl•()^od methods and instruments for physical measurements requires
the most exhaustive and painstaking investigations as a preliminary to
a steady and confident advance. The practical value of research in
pure science is no longer in question. The wise founders of the Reichs-
anstalt made no mistake in coupling an institution for the promotion
of technical precision with one for the prosecution of research in phys-
ical science.

The governing body, or curatorium, of the Reichsanstalt is appointed
by the Emperor. At its head is Herr Weymann. imperial pri\'y coun-
selor. The function of the curatorium is the appointment of the
officials and the general management of the institution. The chief
officer of the Reichsanstalt is the president, and the most distinguished
physicist of the realm is sought for this position. Helmholtz was taken
from the university in Berlin to become the first incumbent of the
office. After his death, in 1894, his successor as professor of physics in

the university. Prof. F. Kohlrausch, became his successor as president
of the Reichsanstalt.

The president, who is at the same time director of the first division,

is held responsible for the successful work of the Reichsanstalt. All

other officials are therefore subordinate to him. In his absence the

duties of his office devolve upon the director of the technical division.

Subordinate to the director of this second division are the professors,

associates, and assistants of various grades. A professor in charge of

a department has the direction of all those employed in it, including a

skilled departmental mechanician.

The specific duties of the president may be briefly enumerated. He
must la}^ before the Curatorium at its annual meeting the following:

1. A report on the work executed in both divisions.

2. The plan of work for the undertakings to be carried out the ensu-

ing year.

3. Propositions relative to the money to be expended for scientific

and technical work; also for salaries and remunerations.

4. Propositions relative to the rank of permanent associates and

assistants; also relative to the bestowal of places to work in the Reichs-

anstalt as scientific guests.

He takes a vote on the propositions in 3 and 4, and reports the con-

clusions of the Curatorium to the Government for approval. It is also

the duty of the president to sign vouchers for all payments, and he is

held responsible for the proper expenditure of the mone\- appropriated

for the maintenance of the institution.

The different functions of the two divisions composing the institu-

tion are defined in rather broad terms. It is the duty of the first divi-

sion to carry out physical investigations requiring more uninterrupted

time on time part of the observer, and better accessories in the way

of instruments and local appliances, than private individuals and
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laboratories of institutions for teaching as a rule can offer. These

investigations shall be carried out partly b}" officers of the Anstalt

and partly, under their oversight, by scientitic guests and vohintary

workers. B3' scientitic guests in general are meant the holders of sci-

entific positions in the German Empire, who wish to prosecute scien-

tific researches, the plan of which they have submitted, and for which

they have not at home the necessary appliances. They must be

recommended by the State in which the}' reside, and must be accepted

by the Curatorium.

Young men may be accepted as voluntary workers who have proved

their ability by scientilic publications. They will undertake researches

which have been determined upon by the Curatorium or the director;

or they may investigate subjects which they themselves suggest, and

whith appear to the director to be practicable and worthy of execu-

tion. The scientific results obtained nuist be published only at the

discretion of the authorities of the institution, who reserve also the

right to publish them in the I'esearches of the Reichsanstalt. Provi-

sion is made that volunttiry workers shall not use the institution for

})rivate ends nor to obtain patents.

Th(^ second division of the Reichsanstalt is placed under a director,

who is subject to the higher authority of the president. Such a di-

rectoi" was considered necessary on account of the special work of this

division, as well as because of the intimate relations into which it is

brought with many persons engaged in industrial pursuits. He should

therefore not only be a scientific man but should at the same time have

some technical knowledge of the applications of science. Under the

director are placed the permanent heads of the subdivisions of the

technical department, one having the oversight of thermometry, one

of optics, two of electricity, and one of mechanical measurements of

precision. Along with these, and of the same rank and compensation,

is the director of the workshop. Under him at present are eight

mechanics, and the shop is provided with the finest tools for the execu-

tion of the most exact work required bj'^ the institution. For exam-

ple, it has a circular-dividing engine that cost $2,500. The founders

of the Reichsanstalt foresaw the necessit}' of such mechanical aids for

the furtherance of the exact work to be undertaken. They wisely con-

cluded that such special constructions and new types of instruments as

they might require from time to time could be more conveniently and

more cheaply built in their own shop than by private instrument

makers.

III. COST AND MAINTENANCE.

The following are the official accounts of expenditures for the

grounds, buildings, furniture, and instruments for the two divisions,

to which are added the yearly expenses:
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Division I.

Marks.
1. Acquisition of orround, the gift of Dr. Werner Siemens 500, 000
2. For erection of buildings:

a. Main building 3gj qqq
b. Machinery building 5q qqq
c. Administration building 100 000
d. President's house 99 254
e. Grading, paving, etc 10 472
f. Paving half of street 30 274

g. Building for battery 8 500
3. Fittings and furniture 58 qOO
4. Equipment of machinery and instruments 82 310

1, 325, 810

Division II.

1. Acquisition of ground 373^ 106

2. Erection of buildings:

a. Main building 922, 000

b. Laboratory building 218, 000

c. Machinery building 180, 000

d. Dwelling for officials 140, 000

e. Additional improvements 348, 000

3. Fittings and furniture 108, 300

4. Equipment of machinery and instruments 471, 390

2, 760, 796

Less reduction for 1895-96 47, 500

2, 713, 296

Divisions I and II together 4, 039, 106

The annual expenditures for 1899 were a.s follows:
Marks.

1. P^xpenditures for salaries and laborers 20(5, 604

2. Miscellaneous articles, experimental work, and care of buildings 127, 000

Total - 333,604

The receipts for calibratinar instruments, testing materials, verify-

ing- standards, and the like now amount to about 40,000 marks annu-

ally. This sum should be deducted from the yearly expenditures,

leaving a net sum of about 300,000 marks.

In round numbers the Reichsanstalt has cost $1,000,000, and the

annual appropriation for its maintenance is $75,000.

IV. RESULTS.

A very pertinent inquiry is, AVhat are the results of all this expendi-

ture? Might not more good be accomplished by State aid to some

existing technical school or university? The results attained must be

set by the side of the objects which the founders of the institution had

in view in order to ascertain whether the sequel has justified their pre-

dictions. In the memorials tq,which reference has already been made

Professer von Helmholtz and Dr. Werner Siemens pointed out the
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advantages likeh^ to accrue to Germany from the maintenance of an

imperial institution for research, which should at the same time assume

the cognate function of fixing and certifying standards of mechanical

and physical measurements. Attention was drawn to the fact that

other countries, nota})ly England, had enjoyed great renown in science

because of the brilliant researches and discoveries of some of her scien-

tific men who had the good fortune to be possessed of leisure and

large private means and the scientific spirit to devote them to investi-

gations demanding both as a sine qua non.

These conditions the memorialists declared were lacking in the father-

land. Her scholars who had the enthusiasm and the capacity for exact

scientific investigation possessed neither the private fortune to devote

to it nor the uninterrupted time for the execution of the work. They
were to be found among the men engaged in teaching, but their pro-

fessional duties absorbed their time to such an extent that only an

inade(|uate residue remained; and even that little was divided into

fractions too small to admit of the sustained and continuous attention

which an}" important investigation demands.

Tt was further pointed out that if the Government would supply the

conditions favorable to scientific discovery, the men could ])0 found

whose work would reflect great credit on the State, while the interac-

tion b(>tween pure science and its applications to arts and mamifactures

would put (Tcrmany in the forefront of scientific renown and of the

intelligent application of science to useful purposes.

It was further urged l)y von Helmholtz that the ])rilliant investigations

of Kegnault and other French phj'sicists many years ago should now
be repeated with the superior methods and instrumental appliances

available at the present time. These investigations drew the attention

of the scientific world to France and made it the focus of scientific

interest. Her instrument makers, even up to the present, have reaped

a rich reward in foreign orders for instruments made eminently

desirable and almost indispensable by these distinguished French

investigators.

Other problems, too. needed solution—problems forced to the front

by modern requirements and discoveries. The applications of elec-

tricity, for example, present new questions for science to answer, while

the interests of the consumer at the same time call for some form of

control by the State of the instruments employed in fulfilling con-

tracts. The very units in which such measurements are made need to

be authoritatively settled—a task demanding the highest manipulative

skill in experiment and the most refined appliances which experience

can suggest and money purchase.

The German Government admitted the force of these considerations

and made splendid provision, both for pure science and its technical
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applications, b}^ founding- the Imperial Institution at Charlottctiburg.

The results have already- justified in a remarkable manner all the
expenditure of labor and money. The renown in exact scientific

measurements formerly possessed b}- France and P^ngland has now
been largeh^ transferred to CTerman3^ Formerl}^ scientific workers in

the United States looked to England for exact standards, especialh^ in

the department of electricity. Now they go to Germany. So com-
pletely has the work of the Reichsanstalt justitied the expectations of

its founders, and so substantial are the products of this already famous
institution, that other European nations are following Cxermany's

example. Great Britain has already made an initial appropriation

for a national ph3"sical laboratory, to be organized on a plan similar to

that of her Teutonic neighbor. Mr. R. T. Glazebrook, who has long

served as secretary of the electrical standards committee of the British

Association for the Advancement of Science, has been appointed

director and has entered on his duties. The new institution will absorb

the old Kew Observatory, and other ])uildings will be added at once

for the extension of the functions of this observator}^ so as to include

the larger enterprise contemplated in the establishment of the new

national laboratory.

Russia also has a luimber of large and well-equipped laboratories in

connection with her central ])ureau of weights and measures. One of

these is devoted to the verification of instruments for electrical meas-

urement. It employs fourteen men. and the budget is about |45,000

per annum.

France is also moving in the same direction. The great service of

France in fixing standards of length and mass has long been freely

recog-nized ])y the civilized world. But her national bureau for this

purpose is now considered to be too limited in scope to solve the new

problems presented. Quite recently a committee of learned men from

Paris, under the leadership of Minister Bourgeoise, visited Charlotten-

burg for the purpose of examining into the working of the renowned

institution located there. Professor Violle, one of the most illustrbus

physicists of the French capital, accompanied the conmiittec. What

better evidence of the success of Germany's great institution can be

demanded than the consensus of favorable opinion among those best

qualified to judge that its fruits are already of the highest order of

merit and its imitation by other European nations the sincerest form

of flattery?

It would not be just to form an estimate of the success of the Keic-h-

sanstalt without taking- into account its scientific publications. These

are numerous and of great value. Most of the reports of
^

work done

are made public with official sanction in various scientific and tech-

nical journals. During the past year thirty such papers have been

SM 19UU ^y
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published. The detailed accounts, however, of the most important

undertakings thus far completed arc contained in three quarto vol-

umes of investigations. Among those contained in the tirst two vol-

umes may be mentioned papers pertaining to thermometry and to

units of electrical resistance.

The investigations in thermometry comprise such topics as the

influence .of the glass on the indications of the mercurial thermometer,

division of th(> thermometer, and determination of the errors of divi-

sion, determination of the coefficient of outer and iimer pressure, deter-

mination of the mean apparent coefficient of expansion of mercury

between i)^ C. and 1()(H C. in Jenagltiss, and investigations relating to

the comparison of mercurial thermometers.

Four papers of exceptional \'alue relate to normal standards of

electrical r(\sistance. They ai'e the pro])able value of the ohm accoid-

ing to measun^ments made up to tne present time, the determination

of the (•alil)er correction for electrical resistance tubes, the normal

mercury standard ohm, and the normal wire standard ohm of the

lleichsanstalt. When one recalls that the ohm as a practical unit of

measurement is defined in terms of the resistance of a specified column

or thread of mercury, it will readily be seen that the work done at

Charlottenburg in this particuhir field is fundamental in character and

of the most universal imporUmce.
,

In passing it is worth}' of reiuiirk that all the standard resistances

designed and constructed at the Keichsanstalt are carefully compared

with the mercurial standards earl}'^ in each year. This custom is in

accordiuu-e with the action taken by the electrical standards connnittee

of t\u' J5ritish Association at Edinburgh in 181J2, when the mercurial

standard was definitely adopted. At this meeting of the connnittee

representatives of American, French, and German physicists (includ-

ing Von Helmholtz) were invited to sit as members. The methods

employed in these comparisons and the forms of the standards are

original with the Reichsanstalt. The new forms and methods admit

of a combined accuracy and convenience not previously attainetl.

In addition to the work done in electrical resistance, the in\'estiga-

tion of the silver voltameter and the electromotive force of standard

Clark and Weston cells has been highh' productive of useful results

for the other two fundamental electrical measurements. Much remains

to be done in this latter direction, for the electromoti^'e force assigned

to the Clark and the Weston cell, even in the latest report of the

Reichsanstalt, is derived from neasurements by the silver voltameter,

while the electrochemical equivalent of silver is in doubt to a greater

extent than the electromotive force of the Clark cell.

Perhaps the best indication of the valuable woi'k of the Reichsan-

stalt is to be found in the aiHuial "Th;ltigkelts])ericht.'"' This report

of the 3"ears' activity is published in the " Zeitschrift fiir Instru-
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mentenkunde," and the reprint for 1899 forms a pamphlet of twent}^-

iive large, closely- printed pages. The following abstract will convey
some impression, though an imperfect one, of the extent of the work
accomplished.

First (Physical) Division.

I. Work in heat.—Determination of the density of water l)etween 0° C. and 40° C.

Determination of the pressure of water vapor at low temperatures.

Determination of the pressure of water vapor near 50° C.

Investigation of thermometers for temperatures between 100° and 200° C.

Investigation of the nitrogen thermometer with a platinum-iridium l)ulb for \ery

high temperatures.

Investigation of thermometers for low temperatures.

Determination of the thermal and electrical conductivity of pure metals. (Tliese

determinations are to be extended down to the temperature of liquid air and up

to 1,000° C.)

Investigations with the Fizeau-Abbe dilatometer.

Investigation of the transmission of heat througti metal plat«s.

II. Work in electricity.—Comparison of the normal wire resistances of Divisions I

and II.

Determination of the capacity of an air condenser.

Comparison of the standard cells of Divisions I and II.

Determination of the conductance of water solutions with a higher degree of accu-

racy than has been attained hitherto, especially with very dilute solutions.

III. Work ill light.—Investigation with electrically heated black bodies.

Proof of Stefan's law between 90° and 1,700° altsolute temperature.

Determination of the relation l)etween the intensity of light and the temperature.

Measurement of radiation in al)solute measure.

Deterniination of the distriltution of energy in the spectrum of black l)odies.

Determination of the distribution of energy in the spectrum of polished platiiumi

and other substances; also their reflective power.

Second (Technical) Division.

I. Work of mechanical precision.—Investigation of the errors of length and of the

division of 300 scales, tubes, etc.

Coetlicient of expansion of 18 bars, tubes, and wires.

Verification of 86 tuning forks for international pitch.

Construction of a new transverse comparator.

Study of the variations of angular velocity of rotating bodies.

II. Electrical H'orA'.—Calibration of direct-current appai-atus, bSo jiieces.

Calibration of alternating-current apparatus, 58 pieces.

Examination of other»electrical apparatus, 76 articles.

Examination of accumulators, primary elements, and switches, .^7 articles.

Examination of insulating and conducting materials and carbons, 23 articles.

Installation of storage cells for a current of 10,000 amperes.

Installation of small storage cells for an electric pressure of 20,000 volts.

Installation of alternating-current instruments for measuring potential difference

up to 500 volts and current up to 100 amperes.

Examination of 29 samples of alloys for specific resistance and temperature

coefficient.

Examination of 126 samples of insulating materials with an electric pressure up to

800 volts.
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Veritifation of swingle resistances, 123 samples.

Calil)ration of 83 resistance boxes, conii>ensation apparatus, etc., containing 1,153

single resistances.

Comparison and verification of 133 standard cells—111 Clark and 22 Weston ele-

ments.

Determination of the ratio Clark 15° C. to cadmium 20° C, and Clark 0° C'. to cad-

mium 20° C, with a large number of standard cells.

Examination of 21 samples of dry and storage cells.

Calil)ration of 15 galvanometers to mea,«ure high and low temperatures with thermal

elements.

Magnetic examination of 25 samples of iron and steel.

Investigation of the difference between the continuous and the discontinuous mag-

netization of steel.

Investigation of the influence of repeated heating on the magnetic hardness of iron.

III. WorJc relatliu] to heal and measurement of pressure.—Calibration of 18,777 tlier-

mometers.

Kxamination of 4 safety appliances and 1)enzine lamps.

Calibration of 317 thermal elements.

Verification of 9 manometers and 22 barometers.

Testing of 190 samples of apparatus for petroleum investigations.

Testing of 3,210 samples of safety rings and plugs.

Testing of 22 samples of indicator springs.

IV. Work in light.—Testing of 149 Hefner lamps for photometric purposes.

Testing of 189 incandescent lamps.

Testing of 143 gas and other lamps and adjunct appliances.

Investigation of the relation between the temj>erature of sugar s(jlutions and their

rotatory power on polarized light.

Investigation of quartz |)lates for the examination of sugars.

ncteniiination of 100 j)oints in the normal Ventzke scale for sodium light.

Kspecially careful collection (jf sugars from (iermany, Austria, France, Russia,

and North America for the investigation of specific rotatory power.

^^ ]Vork In rhemlKtrj/.—Continuation of the study of the solubility of important salts.

?jlectrolyMis of platinic chloride ami the migration of the ions.

Tlu' ([uantatitive detennination of metallic j)latinum.

Investigation of liquids for use in thermometers to measure low temperatures.

In addition to the above work attention is drawn to the fact that there

;uv two institution.'"; for caliljration and certitication of thermometers

under the control of the lieichsanstalt, one at Ihnenau and the other at

Gehlbero-. During the last ten years the institution at Ilmenau has

tested in round numbers 350,000 thermometers.

The number of persons employed in the Keichsanstalt the past year

was 87.

V. A LESSON FOR US.

If German}^ has found it to her scientific and industrial advantage

to maintain the Reichsanstalt, and is proud of what it accomplishes,

and if Great Britain is so impressed with the success of the institu-

tion that she has decided to imitate it, it is surely the part of wisdom

for the United States to move in the same direction. It is therefore

very gratifying that at the suggestion of Secretary Gage a bill was
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introduced in the last Congress to establish a national standardizing
bureau, and that the Committee on Coinage, Weights, and Measures
reported unanimous!}^ and strongly in favor of its passage. So oreat
is the importance of this movement from the point of view of science
of national pride, and of the higher interests of industrial pursuits'
that the effort so happily begun to secure suitable legislation should
be repeated with redoubled force and enthusiasm. Some of the reasons
for making this effort one does not need to go far to seek.

In the ffrst place, the scientific interests to be served are certain Iv

as great as in any other country in the world. Science is cultivated

here with increasing assiduity and success. We^are no longer content
to follow in the footsteps of European savants and modestly re])e!it

their investigations. Original work of a high order is now done in

many American universities, but the difficulties under which univer-

sity instructors prosecute research are even greater here than in

Germany, and we are still compelled to go to Europe for most of our

standards. As a result, inventions of an almost purel}" scientific char

acter originating here have been carried to perfection in the Reichsan-

stalt, and Germany gets the larger part of the credit. I need only

instance the Weston standard cell, which has been so fully investigated

at the Reichsanstalt, and the alloy "manganin," which the same insti-

tution employs for its standard resistances after a searching in(iuirv

into its properties. Both of these are the invention of Mr. Edward
Weston, one of the past presidents of this institute. So long as there

is no authoritative bureau in the United States under Federal control,

and presided over bj- men commanding respect and confidence, we

must continue "'to utilize the far superior standardizing facilities of

other governments." It is true that science knows no nationality, but

the seientiffc workers of any nation can serve their own country Ix'tter

if they are not compelled to obtain their standards and their best

instruments from distant parts of the globe. America has the culti-

vation in physical science, the ability on the part of her investigators,

and the inventive faculty to do work in a national institution that we

shall not be ashamed to place by the side of Germany's best products.

The establishment of a national institution for physical and technical

purposes can not fail to foster a vigorous and healthy growth in sci-

ence, to which we already owe so much of our national prosperity and

renown.

In the second place Congress should be stimulated to take action

because of national pride. It is not creditable for a capal)le and self-

reliant nation to continue to depend on foreign countries for its

standards of measurement, for the certification of its instruments,

and for the calibration of its normal apparatus for precise work.

Different departments of our Government and offices under its con-

trol must at present appeal to foreign bureaus for the certification of
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their standards and instruments of precision. The first day the writer

spent at the Reichsanstalt he was consulted with reference to an

extended correspondence ])etween the director of the technical division

and the officials of the Brookljni Navy-Yard relative to the calibration

of a large number of incandescent electric lamps for use in our Navy
Department. The spectacle of a Government bureau going to a for-

eign imperial institution for standards in an industry whose home is

in the United States is a humilitating one. Yet the proceeding was

entirely })roper and justifiable, because there is in this country no

standardizing bureau for the purpose desired. Are the representa-

tives of the American people willing to have this state of ati'airs con-

tinue?

Again, tiic iiigher interests of the industrial utilization of scientific

knowledge require the establishment in Washington of an institution

similar to the Reichsanstalt and in no degree inferior to it. We are

an inventive people and may justly claim renown in the prompt and

efficient utilization of the discoveries in physical science. It is highly

improbabk' that a practical limit has already been reached in the field

of applied physics. We are not estopped from making further dis-

coveries. Still it may be affirmed with confidence that the most

important and promising work to be done, except in rare instances in

which genius makes a Ijrilliant discoveiT, will consist in the more per-

fect adaptation of known physical laws to the production of useful

results. It is precisely this field which has not been extensively culti-

vated as yet in the Ignited States. We ha\'e explored the sui'face and

presumably gathered the largest nuggets and the most brilliant gems.

To inci'ease the output we nuist now delve deeper and scrutinize more

closely. To drop the metaphor, what will be required for futui'e pre-

eminence is the more intensive and exhaustive study of the scientific

conditions \n the industrial utilization of phj'sical laws. This study

will re(|uir<> the best talent of our technical schools, aided and sup-

port(xl ])y an authoritative national institution, itself far removed

from patents and connnercial gains, but jealous of our national renown

and eager to cooperate with manufacturers for the sake of national

prosperity.

Germany is rapidly moving toward industrial supremacy in Europe.

One of the most potent factors in this notable advance is the perfected

alliance between science and commerce existing in Germany. Science

has come to be regarded there as a commercial factor. If England is

losing her supremacy in manufactures and in commerce, as many
claim, it is because of English conservatism and the failure to utilize

to the fullest extent the lessons taught by science ; while Germany,

once the country of dreamers and theorists, has now become eminently

practical. Science there no longer seeks court and cloister, but is in

open alliance with commerce and industr}'. This is substantially the
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view taken l)y Sir Charles Oppenheimer, British consul-general at

Frankfort, in a recent review of the status and prospects of the German
Empire.

The Reichsanstalt is the top stone of Germany's scientific edifice. It

has also contributed much to her industrial renown. It is necessar}-

to cite only her manufactures invohing high temperatures, such as

the porcelain industry, to appreciate the help afforded by the Reich-

sanstalt. The methods and instruments elaborated there for the exact

measurement of high temperatures constitute a splendid contribution

toward industrial supremacy in those lines. The German Govern-
uient sees with great clearness that the Reichsanstalt justifies the expend-

iture made for its maintenance, not by the fees received for certifica-

tions and calilirations, but by the support it gives to the higher indus-

tries requiring the application of the greatest intelligence. In this

connection it should be thankfully acknowledged that the services of

this imperial establishment are placed at the disposal of foreign insti-

tutions of learning with the most generous liberality. The charges

for calibration are only about one-fourth the expense incurred in

making them, but the support thus given to German makers of instru-

ments of precision, I)}" increasing their foreign orders, is deemed a

sufficient return for the services rendered.
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THE GEOGRAPHIC CONQUESTS OF THE NINETEENTH
CENTURY.

By Gilbert H. Grosvenor.

In ISOO, the year that Jefferson was first elected President of the

United States and Napoleon won the history-making- battle of Marengo,

about one-fifth of the earth's land surface was known. The ph^'sical

features of the remaining four-fifths were partly supplied by imagina-

tive map makers or left a blank on the charts given to the public. In

1900 approximated ten-elevenths of the earth's land surface may be

described as known and only one-eleventh as unexplored. In fact

much less than one-eleventh remains unknown, for the unknown area

is so distril)uted in both hemispheres that nowhere except at the North

and South poles are there remaining large unexplored tracts. This

will be readily seen by a glance at the maps that accompany this paper.

The eighteenth century' had been noted for the explorers of the seas,

the nineteenth was preeminent in men who split open great continents

and laid bare to the eyes of mankind their mountains, rivers, and

lakes.

AFRICA.

One hundred 3^ears ago Africa was a gigantic black plate with a

white rim Avhich had been tolerabl}" well traced by Vasco de Gama, and

other l)old Portuguese adventurers of the sea. Though nearer to

Europe than any of the continents, stretching as it does parallel to the

south coast of Europe for 1,000 miles, the deadliness of its climate

had averted the greedy eyes and hands of Spain, France, England, and

Portugal, who were battling for dominions in the Americas and India

thousands of miles farther away. They came to Africa for slaves to

develop the new world and that was all they sought in the Dark
Continent.

To-day hundreds of sharply defined lines of light, the routes of the

patient Livingstone, of grim Stanley, of Baker, Speke, and Mungo
Park, like the piercing beams of a searchlight have penetrated the

contin(Mitfrom north and south, from east and west, until there remain

black patches only here and there, and these are partly lighted by the

rays radiating from the main lines of exploration. Every square mile

of this great continent, excepting Morocco and Abyssinia, has, more-

over, been peacefully parceled out within the nineteenth century to the

417
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powers of Europe, while the possession of India and the Americas

cost thousands and tons of thousands of lives lost in ])attle.

The hist(jry of the exploration of Africa centers in the discovery of

the sources of the four great rivers of the continent, the Nig-er, the

Zambezi, the Nile, and the Kongo.

In a mighty torrent they swept into the Atlantic and Indian oceans

on the west and east and into the Mediterranean on tlie north, but of

the four, the Nile only was known for any coiisid('ra])h' distance.

Bruce, in the last half of the eighteenth century, had penetrated from

the Red Sea to the head waters of the Blue Nile in Abyssinia and had

followed tin- hitter to its junction with the Nile near Ber})er, and then

down the Nile to Cairo; but

he had not solved the secret

of that evei'liowing stream

whose waters had for thou-

sands and thousands of years

made the valley of Egyi)t

the granary and garden of

the world.

To-day the Nile has ]»een

scientitically <'xplored for its

entire length of 8,400 miles;

the Niger, with the excep-

tion of a small portion of

its middle course, for 2,H00

miles; the Zambezi, foi- 1,500

miles; and the Kongo, which

in volume is exceeded onl}^

by the Aniazon, for nearly

8,0UO miles.

The course of the Niger

was determined earl}- in the

nineteenth century and is the record of one man's work and life.

Mungo Park, a Scottish surgeon, then but 24 years of age, but aln^ady

well-known for his discovery of several new tishes in Sumatra, in LT05

undertook to determine for the African Association of London the

course of the Niger. Starting from Gambia in December, he reached

Segu on the Niger in the summer of 1796, and sm^ceeded in ascending

it for several hundred miles as far as Bamaku. Ten years later, lso.5,

he returned to Bamaku, resolved this time to follow the river w^hich

he had been the first to reach, till it entered the sea. For nearly 2,000

miles he hugged its bank in a canoe with four companions and had all

but reached its outlet, when his canoe was upset in an attack b}' the

natives at Bussa and he was drowned.

Fig. 1.—Africa as known in 1800. The darkened portions

in this and succeeding maps show the unexijlored areas.
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During- nearly tifty years after the death of Muno-o Park, explora-
tion in Africa Avas confined to the Great Sahara Desert. Denhani and
Clapperton in 1822-1824 pushed southward from Fezzan through the
burning sands and discovered Lake Tchad, then to Bornu, and thence
to Sokoto on the Niger. Several years later Clapperton ascended the
Niger from its mouth to Sokoto, where he died.

Another crossing of the desert was made by a brilliant voung
Frenchman, Caillie. who succeeded in reaching Timlxiktu, the myste-
rious African capital, in 1828. Nearly thirty years later Barth'con-
nected the routes of Caillie and Denham. and in 1867-1874 Naclitigal

proceeded from the Niger to Lake Tchad, then eastward through ^^'adai

and Darfur to Egyptian Su-

dan. Binger, Foureau and

Lamy, and numerous ex-

plorers of later years, have

done important work in

erasing the l)lanks between

the routes of these great pio-

neers, while Rohlfs, farther

north, explored southern

Algeria, Fezzan, and the

edge of the Libyan Desert.

The patient, persevering

>vork of Li\'ingstone made
])ossit)lc the opening- up of

the southern half of the

continent. For thirty-three

years he toiled in the fearful

heat of the Tropics, pausing

only for two ])rief visits

to England. Often he was

without money and encouragement, dependent upon his scanty means

and unfailing courage for the fultilhnent of his broad plans. His

genius laid the foundations upon which Stanley and the explorers who

followed him have worked.

Livingstone had come to Africa in 1840 as a medical missionary.

For nine years he had been penetrating farther and farther from Cape

Colony until in 184!> he was stationed at Bolobeng, 80 'miles north of

Mafeking- and 1,100 from Cape Colony. The chief of the people

among whom he was laboring told him of a lake to the north l)eyond

the Kalahari Desert and of a powerful chief who ruled over many

tribes. Livingstone, animated with the sole purpose of extendmg his

religion, determined to search for the chief and the lake.

Fig. 2.—Africa us known in 1900.
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On June 1 ho set out, and after two months reached Lake Noaini

whieh he found set in the midst of a hixurious. densely populated

country. He was not aide, however, to advance farther and thus

returned to his station without seeing the chief.

Two 3'ears later he renewed his etl'ort, passed Lake Ngami, and

finally reached the I'^pper Zambezi at a place called Sesheke, over 1,000

miles from its outlet. Livingstone was a Scotsman and had never seen

a real river before, and we can imagine what an effect this mighty

stream, discovered 1,000 miles from the coast, and whose origin or

outlet he knew not, must have had upon him.

He was now 750 miles from his mission post, and through his entire

march he had been continually discovering lakes, rivers, and largel}^

populated towns whose existence had previously been imsuspected. It

came upon him that his true mission was to open up Africa, and he

therefore returned to the Ciipe to prepare himself for the work.

In the sunmier of 1852 he retraced his route to the Upper Zambezi

and followed its basin westward for some distance and then pushed

farther west until he finally reached the Atlantic Ocean at St. Paul de

Loanda. He then returned to the basin of the Zambezi. In all his

travels Livingstone never named any lak(\ ri\er. or mountain that he

discovered, but hi' had not descended the Zambezi many miles before

he came u})on a grand fall whose waters were dashed upon the rocks

800 feet l)elow. A loyal subject, he named the falls after his (^ueeti,

•"Victoria." He finally reached the Indian Ocean at Quilimane. thus

being the first white man to c-ross the continent.

Tn 1S58 he began his second great exploration, which ivsulted in

tracing the course of the Shire River, a tributary of the Zambezi, and

the discovery of Lakes Nyassa and Shira, feed lakes of the Zambezi.

The problems of the Niger and Zamlx'zi had thus been solved, lait

the Nile and Kongo still remained a mystery. In 1851) Captains

Burton and Speke started from Zanzibar to discover a lake of which

rumors had for a long time been heard, and in a few months succeeded

in reaching Lake Tanganyika. Keturnin.g to the coast they separated,

Burton taking a southerly route and Speke a more northerly one.

Speke beheld in the far distance another great lake, the Victoria

Nyanza, and in 1861 returned w^ith Grant to explore it. On circling

the lake the}' found a large river leading to the north, which the}'

followed for sonie distance, when they came upon Baker (afterwards

Sir Samuel), who had been following it, the White Nile, from Khartum.

Baker later continued his search westward and discovered a smaller

lake which he called ''Albert Nyanza."" Thus, by the discovery of

Lakes Victoria Nyanza and Albert N\'anza the feed lakes of the Nile

were definitely determined.

In 1865 Livingstone set out for the region of Lake Tanganyika and

discovered Lakes Moero and Baugweolo, and explored the Luapula
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River, which llow.s from Lake Moero and is the main head stream of
the Kongo, though he did not know it, but probabl}' suspected it.

The world became alarmed at not hearing from him for some time,
and Stanley was dispatched to find him by James Gordon Bennett, of

the JS^ew York Herald.

Stanley cut across from Zanzibar and found him at Ujiji, on Lake
Tanganyika. He had been surrounded by Arab slavers, his supplies

destroyed, and his communication with the seacoast interrupted.

After being relieved by Stanley, Livingstone returned to Lake
Bangweolo, where he died in 1873. His faithful followers bore his

body to the seacoast and later it was carried to England and buried in

Westminster Abbe}'.

Stanley took up the work of Livingstone. After circling Victoria

Nyanza, he explored Albert Nyanza and Tanganyika and discovered

Albert Edward Nyanza. He then descended the Lualalja Basin, which

brought him to the Kongo, which he followed to the ocean.

Stanley was thus able to solve the last great African problem,

namely, that Tangan^aka and the waters west of it belonged to the

basin of the Kongo and not to the Nile.

But of more practical value than the determination of the question

of the head waters of this river was the opening up to the commerce

of the world of the densely populated countries along the banks of the

Kongo and its tributaries.

In 1887 Stanley started to cross Africa again, this time from west

to east, to relieve Emin Pasha. After leaving the Kongo he forced

his way through a vast, almost impenetrable forest, and saw the pig-

mies, discovered by Du Chaillu twenty-five years before, and the

Mountains of the Moon.
In this brief summary it is possible to mention only a few of the

dauntless explorers who before and since the time of Livingstone and

Stanley have helped to render obsolete the term of ''Dark Conti-

nent"—the imaginative Du Chaillu, the botanist Schweinfurt; the

gallant Cameron, who was the first to cross Africa from east to west

(1873-1875); Serpa Pinto, the Portuguese political explorer; Wiss-

mann, who discovered the left affluents of the Kongo, and Donaldson

Smith, who traced Lake Rudolf in 1891-95 and in 1900 crossed the

country between that lake and the Nile, the last inhabited area of

importance that was unexplored.

The feat of young Grogan, who traversed the continent from the

Cape to Cairo, during the greater part of the way without a white

companion, was a fitting conclusion to African exploration of the

nineteenth century.
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THE ARCTICS.

Throe long-souglit mnhitions inspired the cti'orts of the Arctic

explorers of tlie nineteenth century—first, to discovei- u Nortliwest

Passage to India; second, to discover a Northeast Passage, and, third,

to reach the North Pole.

The first two objects were attained. McClure, in 1850-1853, forced

a painful passage from Bering Strait to P^urope, and nearly thirty

years later Baron Nordenskjold, the Swedish scientist, succeeded in

reaching the Pacific Ocean by following the Asiatic coast. Neither of

these routes have 3'et proved of practical value to the world. With
the development, however, of northern Siberia, in vicAV of the possi-

bility of the route l)eing ke])f open by vessels of the type of the ice-

FiG. 3.—Arctic Regions iis ktidwii in isiio.

l)reaking Ycr>ii(il\ the Northeast l*assage ma}' become a route of some

traffic in lumber, furs, etc.

The North Pole remains still unconcpiered, though it is not so remote.

Hall, Lockwood, Nansen, and A])ruzzi have each gone farther than his

predecessor, until only 3 degrees and 27 minutes have to be overcome.

In 1800 the Arctic coast of North America was undetermined.

Mackenzie, in 1T89, had descended to the mouth of the river which

bears his name, and some 3'ears before him, in 1771, Hearne had

descended the Coppermine to its mouth. Both reported an open sea

to the north. On the Asiatic coast, the outlets of the Lena, Yenisei,

and Obi were known, the Bear Islands had been visited, and Nova
Zembla discovered centuries before.



GEOGRAPHIC CONQUESTS OF THE NINETEENTH CENTURY. 428

Parry, Boeehey, Franklin, and Richardson, diirino- the earlier years of
the century, helped to deline the North American "coast, and Scoivshy
outlined the east coast of Greenland. James Ross, in 1830, definitely
located the North Magiietic Pole at Cape Adelaide, in Boothia Felix,
and thr(H' years hiter Back discovered the Great Fish Rivei-.

Of tlie many tragedies in the annals of Arctic history, none is more
terri])leand heart-rending- than tliat of Sir John Franklin and his crew
of one hundred and twenty-nine. The ErSux and the Terror, returiu^d
from the Antarctics, where they had carried Sir James Ross to splen-
did achievements, were placed at the disposal of Franklin, Avho had
been knighted for his gallant work in the Arctic regions in his earlier

years. He set out in May, 184o, and was last spoken hy a whalei-

while he was waiting for the ice to open sufficiently to enter Lancaster

Fig. 4.—Arctic Rcgiuiis as known in I'JOO.

Strait. The following year and tlic year after, his vessels were beset

by the ice near King William Land. Franklin died in June, 1847.

The crew had provisions only for one year longer, and as the vessels

were still icel)ound the one hundred and five survivors left their ships

in a desperate and vain attempt to light their ^^ ay over the ice to Great

Fish River. During 1848 and for many succeeding years expeditions

were dispatched l)oth l)y land and sea from the east, west, and south to

search for the missing men, but it was not until 1854 that Rae met a

young Eskimo who told him that four years previously forty white

men had been seen dragging a l)oat to the south on the west shore of

King William Land, and a few months later he had found the bodies

of thirtv of these men.
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McClure and Collin.son were sent out in 185(» to attempt the search

from the west through Bering Strait, McChu-(> started without wait-

ing for Collinson. He gradually worked his way eastward, wind-

ing back and forth through inlets and around headlands and islands,

man}' of which he was the first to discover, and at last emerged through

McClures Strait into Barrow Strait. Finally, in Bafhns Bay, he was

compelled to abandon his ship, the Investigator, and push on over the

ice. Fortunateh' he was met ))v a Franklin search expedition coming

from the east, under Sir Edward Belcher. By his feat, the first com-

pletion of the Northwest Passage, McClure gained the prize of i>50,()()0

that had been oli'ered ])v Parliament ninety-two years before.

Nine years of unceasing effort had failed to find awj record of

Franklin's terrible fate. But Lady Franklin was still undaunted. In

1857 she e(iuip[)cd the steam yacht Fox and sent it to the Arctics,

commanded l)y McClintock, the most untiring master of sledge work.

Eight hundred miles of coast line were minutely examined. In the

early sunmier of 1859 McClintock stumbled upon a human skeleton in

King William Land, and alK)ut the same time his companion, Hol)son,

found a record of the Franklin expedition, stating briefly its history

between 1845 and 1848.

The result of the many Franklin search expeditions was the mapping
more or less accurately of the network of islands extending along the

northern coast of North America.

Meanwhile Kane, Hall, and Nares were completing the surveys of

Smith Sound, Grinnell Land, and the adjacent shores of GretMiland.

The Greely expedition proved that to the north of Greenland was an

open channel and gained what is still most northerly land, 83^ 24'.

Later Peary followed this channel in his brilliant crossing of North

Greenland, and proved conclusively that Greenland was an island.

Nordenskjold had already spent twenty years adding to the maps of

Greenland, Spitzbergen, and the Kara vSea, when, in 1878, he determined

to reach Bering Strait b}' crawling around the headlands and islands

of Northern Asia. Without any hindrance he had arrived almost in

sight of Bering Strait when the tantalizing ice closed in l)efore him
and for ten months his ship was held motionless. Then the ice mass

deigned to part and allow the Yega to sail the few remaining miles to

and through the strait, and thus complete the Northeast Passage.

Franz Josef Land, which has lately been a favorite base in the

"dash for the pole," was discovered and explored by Payer and Wey-
precht in 1872-73; later Jackson, 1895-90, Baldwin, 1899, and Abruzzi,

1900, have extended our knowledge of this region and shown that

beyond the islands is an ice-covered sea.

In the early nineties Dr. Nansen originated a new method of attack

of the North Pole, "the drift theory." His experiment of allowing

his ship, which was speciall}' constructed to elude rather than to resist
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ice pressure, to be carried at the will of the ice floes, provc^d \-ery
successful, and he gained latitude 86^ U\ which was only eclii)sed hv
Abruzzi in 1900.

ANTARCTIC'S.

Around the South Pole there hang-s an unexplored mass twice the
size of Europe. It niay ho a vast continent or an antarctic ocean; the
problem is yet unsolved.

The names that shine brightly in the history of South Polar work
during- the century liegan with Captaiii Smith, who discovered the
South Shetland Islands in 1S16. Weddell, several 3-ears later, found an
active volcano on these islands and reached as far south as 74 degrees
but discovered there no land. Endcrliy Land and Graham Land wore

Fig. 5.—Autarctiu Kogions as known in 19(i0.

seen first by Biscoe in 1832. Wilkes in 1810 discovered the land

named after him, and Sir flames Ross, of previous Arctic fame, about

the same time discovered Victoria Land, and upon it beheld tAVo active

volcanoes pouring forth flaming lava amidst the snow, and named them

Erebus and Terror, after his two ships. In January, 1812, he reached

farthest south—78 degrees—a record that was not eclipsed until 1899,

when Borchgrevink reached 78^ 50' b}^ sledge.

No white men had ever passed the winter within the Antarctic Circle

until De Gerlache and his crew in 1898 wintered on board theii- ship,

the Belgiea, which they had l^anked with snow. The following winter

Borchgrevink with his crew lived on the antarctic ice.
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The closini;- year of the uineteentli eenturv witnessed the iieur com-

pletion of two well-ecjuipped exi)editions that are to set out in the

sunnner of llMIl for South Pohir regions -one e(|uipped I)}- (rerinany

and the other l)y (treat Britain. Both are led l>y competent and dar-

inj^ men. and oreat additions to our knowh'dii-e of the Antarctics may

be justly expected.

AUSTRAI>IA.

The last months of the nineteenth century beheld th(> ))eo-innino- of a

new power in the South Pacitie. Six millions of Englishmen, in a land

as ^•ast as the United States, united to form a new nation, which the

twentieth century was to inaugurate. The rirst year of the nineteenth

century found Australia inhal)ited by degenerate savages, with a hand-

ful of English settlers scattered along the coast of what is now caUed

New South Wales. The coast line of Eastern Au>>tralia had been detin-

itely traced and enough facts of the north and west coasts ascertained

for a rouifh outline of their extent. l)ut the soutli coast was undeter-

AUSTRALIA
IN

1800.
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Leichardt succe.s.sfull}' cipssed Australia diagonalh' from Port Essiug-
ton to Moretoii Bay, but on his .second expedition, in 184.S. he nivste-

riously disappeared in the sandy

deserts of the northeast and

numerous search parties have

failed to tind any trace of him.

Overland routes have now
been found possible Ijetween all

the widely separated colonies,

though they are scarceh' con-

venient for traffic. The explo-

rations of more recent 3"ears

have shown that wide areas of

splendid grazing- land surroiuid

the deserts.

NORTH AMERICA.

Of the geographical conquests

of the nineteenth centur}^ the

most marvelous has been the

conquest of North America,

more particularly of the west-

ern United States. It has been the work not so much of the geograplier

or explorer, as of the colonist ai d the miner, made possible by Yankee

inventions that economize space,

time, and money.

In 1801 the continent west of

the Mississippi was unknown,

the existence of the Rocky

Mountains unsuspected. The

atlases of the time describe

North America as ''chiefly com-

posed of gentle ascents or level

plains.'' They knew of "no

considera))k^ mountains except

those toward the Pole and that

long ridge which runs through

the American States and is

called the Appalachian or Alle-

ghany Mountains.'' Lnmedi-

ately after the Louisiana Pur-

chase Lewis and Clarke were

dispatched to the new land to

explore it, and they made their

historic march up the vallev of the Missouri River, across the Rocky

Mountains, and down the Columbia to the sea. Pike, the year follow-

Fig. 9.—North America as known in I'JUO.
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ing, commenced his explorations of the country between the Missis-

sippi and the Red River and discovered Pikes Peak in 1806. Bonne-

ville, in 1831-1S3S, explored sections of the Rocky Mountains and

California. Fremont, the most noted of American pioneers in the

West, in 1842 explored the South Pass of the Rocky Mountains and

in the following- years the Pacific slope. Powell, in 1869, traversed

the noble and menacing gorges of the (Irand Can^'on of the Colorado.

Meanwhile Whitney, Wheeler, and Havden were investigating the

mountain systems of the West.

In Alaska, Dall was the pioneer and his work revealed the extent of

the Yukon. Kotzebue, the Russian na\'igator, fifty years before, in

1816, had coasted along tlic northwest coast of Alaska and discovered

the magnificent sound which now bears his name. Schwatka, Allen,

Abercr()m])ie, Brooks, and Schrader, and others, including gold pros-

pectors, have explored the terri-

toiy very rapidly until only a few

tracks remain unknown. In Can-

ada, DaAVson and Ogilvie have

worked in the Yukon watershed;

Bell and the Tyrrell ])rothers

around Hudson Bay. and Low in

Labrador.

SOUTH AMERICA.

Of the six continents Soutli

America is now the least known,

though one hundred years ago it

Avas better explored than an}' con-

tinent except Europe. The Jes-

uits had penetrated to the heart

of the continent on the rivers

which radiate in all directions

and had been able to pid^lish

tolera])h' good maps. But the

continual state of unrest and the

depleted treasuries of the South American governments, with the lack

of the incentive of trade and colonization, have kept them from keeping

pace with the geographic advance in other sections of the world.

Humboldt, in 1799-1804, traveled in the basins of the Orinoco and

Magdalena and in various sections of the Andes. He was the first to

interpret the word '"geography-' in its original, truest, and broadest

sense, i. e., "description of the earth," which includes meteorology,

climatology, the distribution of animals and plants, and the nature of

soils, as well as the mere mapping of rivers and mountains. Later

his interpretation of the work of the geographer and explorer was

Fig. 10.—South Aiuericii as kiii)\v]i in I'JOU.
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accepted by all the scientific explorers of the nineteenth century
Later, Spix and Martins botanized in Brazil, Schoniburgk explored
Britisii Guiana, Crevaux and Chandless investigated the niio-hty ti-ihu-
taries of the Amazon, Castelnau explored the Paraguay, and ILitclier
in 1S9S, made important discoveries in Patagonia.

ASIA.

Marco Polo was the only European who before ISOO had tra\'crsed
any considerable part of Asia. But during the nineteenth century the
continent was overrun hy explorers of every nationality, Avho ha^•e

made the map of the continent in the larger details quite accurate.
Russia from the northeast sent numberless explorers, and England vied
with her from the south. In one respect, perhaps, the geographic
conquest of Asia has been more remarkable than that of Africa

Fig. 11.—A.sia us known in 1800.

Australia, or North /imerica, for to penetrate this giant continent the

explorer has had to contend against hundreds of millions of people

—

all prejudiced against his advance and of quite a different character

from the naked savages of the ''Dark Continent.''

Humboldt, in 1829, invaded Central Asia and the country of the

Caspian Sea. The French missionary. Hue, succeeded in traversing

Tibet in 1844-45 and lived several months at Lha.sa. Palgra\'e, in

the early sixties, journeyed across Arabia. The adventurous Garnier,

in 1866-1868, surveyed the course of the great Mekong and traversed

over 5,000 miles in Cambodia and China, almost all of which was pre-

viously unknown to European geographers. Ney IClias at the same

time was ascending the mighty Yangtze and penetrating western

Mongolia. Fedchenko, in Pamir, and the untiring Prjewalski, in

Mongolia and western China, were rapidly mapping these regions.
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Prjewalski madr four sopunitc journeys to wcstcin China, and in the

iniportanco and extont of his explorations in the heart of the vast

eontiiuMit has l)een e(piah»d by none exe(>i)t Sven Hedin. Kichthof(>n

and Punipolly in China, Rockhill in Ti])et, Forsyth in P>ast Turkestan,

and the faithful, ploddino- pundits of the trioononietiical survey of

India north of the Himalayas, are a few of the many men who have

eontributed nnich to the proo-ress of o-eographic knowledge of Asia.

Fii;. ]•_'.—Asiii as known in ]'.»(M).

CONCLUSION.

The progress of geograi)hy during th(^ nineteenth century has thus

opened to the Avhite man almost every eorner in the inmiense. diverse

world of which he is a part. But the even more startling advance in

geographic sciences, or, more truly, the creation of these sciences dur-

ing the century, has nearly explained iho maimer of origin and the

formation of the world itself. Geolog}', which describes the nature

and forming of the earth's crust, tells of glacial action, and by means
of fossils proves that the earth millions and millions of years ago

was covered with life; meteorologv, which studies the conditions gov-

erning the heav}' and yet light mantle of the earth; oceanography,

which is beginning to explore the lands beneath the oceans, are all

geographic conquests of the nineteenth century. The " Dark Conti-

nent" at the beginning of the twentieth century is that inuncnse land

surface buried beneath the oceans, an area thrice thc^ area of the

exposed land surface. Maur^^ and Murra}^ and the soimdings for

submarine cables have but scratched the surface as with a pin. To
solve the many mysteries which the oceans hide is the problem of the

explorer of the tw^entieth centur3^



THROUGH AFRICA FROM THP] CAPE TO CAHiO/

Bv EwAKT S. Grogan.

(Read licfoic tin- Royal Geographical Society, Ajiril 30, 1900.)

There i,s a «aying- in South Africa that '-everyone who has once drunk

(lop (a brandy made in the Cape) and smoked Transvaal tobacco will,

in spite of all inducements to the contrary, in spite of all the abomin-

able discomforts inseparable from life in Africa, continualh^ return to

the old free untrammeled life of the veldt."

Anything- more ridiculous than the possibility of my return to Africa

never occurred to me as I wearily munched my ration of everlasting-

bully beef and rice during the Matabele war of 1896, and, after three

weeks of dysentery and an attack of hajmaglobinuric fever, 1 shook

my fist at Beira from a homeward-bound steamer, happy in the thought

that never again shoidd I set e^'es on those accursed sands. Thirteen

months later 1 stood on those same sands with my friend, Mr. Sharp,

having made up our minds to explore the little-known country between

Tanganyika and Ruwenzori, and, if possible, to continue our journey

down the Nile. Wars and rumors of wars in many of the countries to

be traversed, and Khartoum in the clutch of the Khalifa, rendered the

success of our enterprise extremely problematical; and as failure is

unpardonable, we wisely refrained from announcing our intentions.

From the Cape to the Zambezi is perhaps better known to most

English people than many parts of England, and conseciuently I will

pass over this stage, confining myself to a very few remarks on the

Gorongoza country of Portuguese East Africa.

The river Pungwe, as everyone knows, fiows into the channel of

Mozaml)ique, forming Avith the river Busi the extensive bay on which

Beira, the port of Rhodesia, is situated. Thirty-six miles in a straight

line from Beira the railway crosses the Pungwe to a spot called Fon-

tesvilla, on the right bank' Four miles above this the Pungwe flows

in two channels; the left, which is the larger, is called the Dingi Dingi,

the inclosed island being about 40 miles by 6. Twenty miles aboAc the

lower junction an important tributary called the Urema flows into the

1 Reprinted from The Geographical Journal, London, Vol. XVI, No. 2, August, 1900.
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Dingi Dingi, ))riiiging down the drainag-c of the east and northeast

.sk)pos of (iorono'oza's hills and the drainao-e of the vast swanipv Goron-

goza plain; consecjuently. even in the dry season the Urenia has a con-

siderable body of water. Its main feeders ar(^ a wide sandy river from

the east and a smaller stream called the Manza, also from the east, and

the Umkuluniadzi. AN hich hrinj^s the main volume of water from Goron-

goza's hills on the west. Between the Dingi Dingi and the Urema
there is a triang-ular patch of forest, with a network of de(^p water

troughs; these, even in Mr. Mahony's time (Mr. Mahony has been in

this country for about nine years), were lagoons with much water, and

the natives went from village to village in canoes. Now, with the

exception of a few deep water holes, they are dry, the canoes may still

l)e seen rotting on the dry bed, and the crocodiles, the few that have sur-

vived, lead a precarious existence in the moist gi-ass that grows along

some of the deeper channels. This, coupled with the fact that the

swamps a few miles to the north are visibl}^ diminishing, proves that

even in this district, remote as it is from the center of disturbance,

there is a constant and rapid process of upheaval.

The ([uantity of game in all this country is incredible. Crossing the

great plain just as the waters were falling and the new grass grooving

up, we saw over 40,000 head of game, maiidy blue wildebeest, from

one point, and during our stay of tive months, besides many tine heads

of })ufial() and various species of antelope, we shot 17 lions and

captured alive .5 cubs, 8 of which are now disporting themselves in

Reg(Mit's Park. Another curious point aVjout this country is that the

Urema, which was till lately navigable for about 50 miles in small

boats, is now totally blocked )\v a vbgetable growth similar to the

famous Nile "'sudd," l)ut without the papyrus, which, I believe I am
correct in saying, is practically contined to the Nile system, though

there are a few papyrus swamps round Kivu.

We began our real forward movement when we left the Zambezi in

October, 1898; thence we traveled by the Shire River to Chiromo, the

port of British Central Africa, situated at the junction of the Ruo and

Shire. Thence by steamer on the Shire to Katunga, whence the road

leads overland via Blantyre to Matope, as about 120 miles of rapids

render the river unnavigable. From Matope to Karonga, at the north

end of N^'asa, there is an uninterrupted waterway of about 500 miles.

Thus far, it is mereh" a question of taking a first-class ticket with one

of the rival transport companies, of which the African Flotilla Com-
pany, despite the heavy handicap of being late in the field, is rapidly

forging to the front.

From Chiromo, where I had to wait for some loads that had gone to

Delagoa Bay ))}' mistake, I crossed the Ruo and spent some time in

exploring the mountain mass of Chiperoni, while Sharp hurried on to

Karonga to arrange transport to Tanganyika.
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Chiperoni, which hud previously, 1 believe, only been visited by
Messrs. Harrison and Kirl)y, the well-known big game hunters, is 0,000
feet high, and a conspicuous landmark for many miles round. The
main peak, with a broad terrace 500 feet from the summit, is situjited

in the east side of a huge basin formed by surrounding peaks, the chief

of which is Makumbi on the northwest. The bottom of the basin is a
forest-clad plateau about 2.000 feet a))out the surrounding plains. The
mass is drained by the Ruo, Liadzi, Zitembi, Machinjiri, and Misongwe,
all of which flow into the Shire. The inhabitants, who have a supreme
contempt for the Portuguese, their nominal masters, are a branch of

the Wakunda, and are possessed of domestic swine and pigeons, and
the3' cultivate the pineapple and rice, besides the ordinary grains of

the country—millet and maize. They sufl'er much from goiter, and I

observed many albinos. The results of inbreeding, inevitable from the

isolation of families in mountainous countries, such as leprosy and other

diseases, are ver^- noticeable.

On arrival at Karonga I found that Sharp had left for Ujiji to obtain

dhows on Tanganyika. After a fortnight's delay in obtaining porters

I followed along the Stevenson road. The march to Kituta. at the

south end of Tanganyika, is most uninteresting. However, I broke

the monotony by a short trip with Mr. Palmer, the assistant collector

at Maml)we, to the Cham])ezi, which is the real source of the Kongo.

This district has been recently thoroughly explored l)y Mr. Wallis,

who laid the results of his experience before this society. But there

was still a portion unknown—the vast swamp that lies at the junction

of the Chambezi and its main feeder, the Chosi, known to the natives

as Luwala. It is a triangular patch of territory of about 1,500 square

miles and quite uninhal)ited, a few natives only coming to flsh as the

waters recede after the rains. Unfortunately, the rains had ])roken

and we were prevented from penetrating far into the interior by the

depth of water. All the streams that flow southeast from the plateau

and fall into the Luwala mingle and lose themselves in the swamp and

eventually drain out by the Mwenda.

From Kituta I went to Mtowa. the chief station of the Kongo Free

State on Tanganyika, by the small steamer belonging to the African

Lakes Corporation, while I sent my boys and the loads to Ujiji^on a

dhow that Sharp had sent down. On arrival at Mtowa I found Sharp

more dead than alive with fever, in the care of the late Dr. Castcllote,

the medical officer of Mr. Mohun's telegraph expedition, who had

rescued him from Ujiji, where he had been very ill. Two days later

we crossed to Ujiji and, after a few days of the lavish hospitality of

Hauptmann Bethe and his colleagues, we collected our safari of one

hundred and thirty Manyema carriers and started up the lake l)y land.

Sharp got a slight sunstroke and my fever became so bad that we
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arrived at Usambara more dead than alive. However, Lieutenant xon

Gravert obtained eattle for us and a team of l)ovs to cany me in a

machila to the hiji'hlands of Kivu.

The Rusi.si. vvhieh flows out of Kivu, empties its water into Tangan-

yika through live mouths, four of which are close together, whih^ the

fifth is close to the northwest corner. The inclosed deltas are very

swampy and ])artly covered by tropical forest, and are said to b(^ the

feeding grounds of luunerous elephants, a hirge ])roportion of which

are reported as tu'skless. The northern end of Tanganyika is ver}"

shallow: we saw hi]ipopotami walking on the bottom at a distance of

at least '2. miU's from the shore. The lower end of the Rusisi Valley

foi' a distance of 2t> miles has risen quite recentl}', geologically speak-

ing, deposits of shells in a semifossilized state being visible on all

sides. The valley rises v«'rv gradually till 20 miles south of Kivu,

when the increase in altitude is very altrupt; though this might be

maneuxcred. for railway purposes, by making use of the winding valley

to the east. The Kusisi itself has cut a channel through the hills on

the west in a succession of rapids and cascades. Ther(> are signs of

the above-mentioned eastern valley having been the old bed of the

river. Inunense wtdls of mountains shut the valley in on either sid(\

walls that contimie practically unbroken to the outflow of the Nile

from the Albert Lake. The Germans have cleverly availed themselves

of the opportunity afl'orded by the five years' chaos on the Belgian

frontier. Thev have pushed three posts forward, two on the ri\er

itself and the third on the south point of Lake Kivu. The latter is

at least 40 miles over the treaty boundary. With the thoroughness

charactenstic of Geriuan undertakings they ha\'e dispatched Dr. Kandt

to investigate the possibilities of the country.

The tail of Kivu is a network of islands Avhich culminate toward

the north in the large island of Kwijwi. The coast line must be some-

thing enormous, rivaling, I imagine, the eoast line of any other water

in the world of the same extent. On the east coast two long arms run

for several miles inland, and thousands of winding loehs radiate in

every direction, dotted with islets and broken up into countless little

baj'S and creeks. The lake is ver}^ deep and contains neither crocodiles

nor hippopotami. This also applies to all the small lakes and rivers in

this neighborhood: ])ut there are enormous numbers of large otters,

and the typical bird is the demoiselle crane. Numerous fish resembling

a carp are caught and cured by the natives; but there appeared to l)e

no large fish such as are found in Tanganyika. The whole surrounding

country is packed with small hills, which appear to have been sprinkled

on w4th a pepper pot till not a single one more could find room.

The majorit}' of them are not connected with ridges of any sort, con-

sequently it is necessar\^ to perpetualh' ascend and descend; and the

valleys, which are ver}' narrow, are often filled with papyrus swamps.
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The hills are covered with magnificent pasture, which affords grazing
for the large herds of cattle owned by the Watusi. The people are
known collectively as the Waruanda, and society is divided into two
classes. The Watiisi, who are similar to, if not identical with, the
Wahuma, are the aristocrats. They are presumably descendants of the

great wave of invasion of Gallas that penetrated in remote ages as far as

Tanganyika. They are a purely pastoral folk, breeding a long-horned

cattle, with which they live, preferring slavery even to separation from
their beloved beasts. Two to a hundred of these gentlemen are to be

found in every village; they do not work beyond milking and butter

making, and when in need of tobacco, grain, or other necessaries,

quietly relieve the aborigines of the countrj', whom they call Wahutu,
of what the}^ rec|uire. The Wahutu are abjectl}^ servile to the Watusi,

but presumably, from the satisfaction that we gave to the inha])itants

b}^ a slight difference of opinion that we had with Ngenzi, the satrap

of Mukinyaga, not totally in accord with their taskmasters. In the

time of the late King of Ruanda there was a very formidable and far-

reaching feudal S}' stem, the provinces being administered by satraps

(native name, ntwala), who were directh^ responsible to the kigeri, or

king, each village being in itself governed b}' an mtusi (sultani), who

was responsible to his ntwala. All the cattle belongs to the King

absolutely, but was held in trust by his satraps, who again parceled it

out among the minor Watusi. The Wahutu appear to be merely hew-

ers of wood and drawers of water, and to be allowed as a favor to

assist in the herding of the goats and cattle. A few months before

our visit the old king had died, and the kingdom was divided between

his two sons, one of whom had his headquarters at the northeast corner

of the lake, while the other lived to the east of the highest of the

volcanoes.

The civilizing influence of the northern influx is conspicuous in the

terracing of the hills for cultivation, rudimentary efl'orts at irrigation,

inclosing of villages and cultivated lands by hedges, and even in the

formation of artificial reservoirs with side troughs for watering cattle.

The scenery of Kivu is superb—a happy l)lcnd of Scothuid, Japan, and

the South Sea Islands. The track we followed often led over hills 1.5( )()

feet aljove the lake, and from some of our camps we looked dowii on

the vast oily expanse of water deep set in its basin of iinuunerable hills,

dotted with a thousand isles, stretching far away till it was lost in the

shimmering haze of the northern shore, where crisp and clear towered

the mighty mass of Kirunga, whose jet of smoke alone broke the steel-

blue dome of sky. At the northeast corner of the lake the hills stop,

and the country ilopes gradually from the lake level to the base of the

volcanoes, broken only by scattered dead volcanic cones still perfect in

form. The eastern portion of this plain is densely populated, and

grows enormous crops of maize, hungry rice, millet, sweet potatoes,

SM 1900 31
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pease, beans, and edible arum wherever there is an open space between

the endless banana plantations. The western portion, which has been

recently covered by a lava stream, is not yet sufficiently disintegrated

for cultivation, though it already supports a heavy bush growth which

bursts from every crack and craiuiy in the lava blocks.

The main xolcanoes are six in number, two of which are ai^tive;

the other foui- ha\c long been extinct. Owing to the impossibility

of o))taining repi-cscntative names for them—1 have <)])tain('d as many
as thirty-six for the highest in one camp—T have ventured to name the

most im])()rtaiit to prevent confusion. Of the two western jjcaks,

which are sh:ir})ly se])ai'ated from the other four, the higher peak,

generally descrilted as Kirunga, I have called Mount (nit/en, after

Count (lotzen, who discovered Kivu and made the ascent of the peak

to the main cratt'r. which is still mildly active. The second one, Avhich

has formed since Count (ifUzen's visit, I have called Mount Sharp,

after my feUow-ti-aveller, Mr. A. H. Sharp. Count Oiitzen mentions

consideral>le activity on the far jioint of the northwestern ridge, and,

according to the natives, two years ])efore our ari"ival in the country

there had been a terrific eruption, in the course of which the volcano

formed; its crater ap})ears to l)e enoi-mous, and nuist b(» several miles

in extent. The lava flowed in two main streams toward the north,

and there was a minor overflow to the southwest. The largest

stream flowed down by the arete ]>etween Mounts Gotzen and Shai'p,

and a small overflow running, as I have mentioned, southwest, while

the main volume poured down into the south end of the Ruchuru
Valley, down which it flowed for a distance of about 80 miles, work-

ing close up to and tilling the small bays of the eastern terrace.

Shortly after another wave followed over the same course, leaving

a sharply deflned terrace when it cooled. Then there appears to

have been a terrific vomiting forth of huge blocks of lava and ash,

which in places are piled to a height of 30 feet on the top of the main

lava stream. The forest with which the valley was clothed was

entirely engulfed in the stream's course, while the forest on the sides

was blown down bv the attendant whirlwinds. The natives informed

me that whole herds of elephants were destroyed. I myself saw the

bones of one that had been forced up to the top bv the edge of the

stream. As far as I could gather, the eruption had been very sudden,

but I found it extremely difficult to obtain much information beyond

the fact that suddenly there was darkness as the darkness of night,

when all became fire, and terrible and wonderful things happened, of

which there can be no words. As in all things that the native can not

understand, there was a distinct aversion to talking about it. All my
questions met with a similar response, and they rapidly changed the

subject. The other main stream which flowed down the northwest

slope was of enormous extent, but as I merely crossed it I had no
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opportiin
i
ty of accurately estimating- the area covered. Besides a small

branch about 400 yards wide, the width at my crossing- was about 2
miles, and this was well on the slope of the hill; farther down, where
it met the eastern main stream, the width of the two combined can
not have been less than 15 miles. In the plain to the north of Kivu,
in the pass between the two blocks of volcanoes, and on the slopes to

the north, oAving to the porous nature of the ground, there is no water;
yet, in spite of this, there is an enormous population, the necessary

water being- obtained by tapping- the stems of the banana palms. The
moisture is retained by the ground, and consequently the forests that

clothe the slopes of the volcanoes are wildly luxuriant and impene-

trable to everything- but the elephant. When hunting and following-

close on the tracks of an elephant we had to cut our way with a native

ax, without which no one moves a yard. For hundreds of yards at a

time one never touched the ground, but was climbing- along- the pros-

trate tree trunks and dense growth, which, of course, the elephant

would take in its stride. More desperate work or more dangerous

hunting it would be impossible to conceive.

Although the forests were full of elephants, it was only after a week's

terrible work that I found one; and then I had to tire at him at 2 yards,

as, if I stepped back, I could no longer see him. It was impossible to

creep to either side of him. so impenetrable was the undergrowth, and

I had perforce to take the shot as it was or lose the chance. The eti'ect

on the sportsman of firing a double four bore at such close quarters

can be better imag-ined than described. As for the elephant. I believe

he is still running. The next day I followed up another, and, after

knocking- him down three times, was furiously charged and either

kicked or carried by the rush on to some thorn tree 10 feet above the

gfround, my gun being picked up 10 yards away in the opposite dii-ec-

tion, full of blood. I could not see him till his head was right above

me, when I pulled off both barrels of the 0.500 magnum that I was

carrying. This evidently turned him. I was pulled down from my

spiky perch by my nig-gers, who, seeing me drenched with blood,

thought I must be dead, till an examination proved that it was the (ele-

phant's blood. On resuming the chase he got my wind again, but

fearing the charge, merely let off some superfluous steam in throwuig

trees al)out—a performance that so impressed me that I have never

tackled an elephant with any degree of comfort since. After ten

minutes of this exhausting display he fell down. ))ut pulled himself

together again and went straight away, and though I followed hnn

till it was too dark to see, I never found him. We had had neither

food nor water all day, and it rained all night, necessitating a hungry

and chillv vigil, during which I had ample time for calm reflection-

reflection which ended in the conclusion that elephant hunting in the

scale of sports might be placed between croquet and marbles. Sharp,
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after losing '2 stone in herculean efforts, never e\'en saw one, and gave

it up in disgust.

Of tlie four main peaks of the eastern mass of volcanoes, all of

which are extinct, the highest I have described as Mount Eyres, after

Mrs. Eyres, of Dumbleton Hall, Evesham, Sharp's sister, without

whose help and encouragement we should have failed to bring our trip

to a satisfactory conclusion. The other high peak 1 have described as

Mount Kandt, after the distinguished German scientist, who is making

a most elaborate stud}- of the whole region. Nearly every morning

there was snow on these two peaks, and the height of Mount Ej^res

must be nearly 13,000 feet (?), as during my elephant hunting, when I

explored all the northwest face, my aneroid registered on one occasion

more than 11,000 feet. Leaving the elephant, I made a rapid tour to

establish the identity of iVIfumbiro, which is conspicuousl}^ marked on

most maps, with the height added, and 1 ascertained for certain Avhat

I had been led by the Germans to suspect, namely, that Mfumlnro lias

nevei- existed outside the imagination of the British statesman. Mfum-
biro. it will be remem})crod. was accepted by us from the Germans as

a counterpoise to Kilimanjaro, which we gave to them in our usual

open-handed manner in the boundarj^ agreement between British East

Africa and German East Africa. The forests of these volcanoes area

branch of the great Aruwimi forest, and the home of numbers of pyg-

mies, who hunt the elephant and search for bees, trading the meat and

honey with the AVaruanda for grain, spear and arrowheads, and knives;

while the Waruanda Ijuy their hows and arrows complete, the dwarfs'

work being much superior to their own.

AVhen making the circuit of the two active volcanoes, T had an un-

pleasant ex})t'iience with a tribe of cannibals called the Baleka, who
made what had lately l^een a delightful and thriving district most

undesirably warm. Their superfluous attentions and the a])sence of

food prevented me from exploring two small lakes that 1 saw to the

west, and from determining whether the large stream, which T could

see issuing from the southern lake, flowed into Kivu or down the other

side of the watershed direct into one of the tributaries of the Kongo.

Four da3's' continual marching, during which I and m}^ ten boys suf-

fered much fi'om hunger, took us out of the countr}" in time to warn

Sharp, who was coming round the south of Mount Gotzen to meet me
with the rest of the caravan. Joining forces again, we returned

through the pass once more, and started down the Ruchuru, or, as it is

here called, the Kako Valle3\ The Kako rises on the north slopes of

the volcanoes, and, becoming farther north the Ruchuru, flows into the

Albert Edward Lake; hence its headwaters are the true source of the

Albert Nile. Curioush^ enough, the source of the Victoria Nile is only

40 miles south of this, the headwaters of the Nyavalongo, which is the

uiain tributary of the Kagera, the main feeder of the Victoria Lake,
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rising a few miles from Kivu. Thus within six days we passed the
two actual sources of the Nile, which, rising close together, but flowing
in different directions, inclose such a vast tract of country ))efore they
finally merge at the north end of the Albert Lake preparatory to the
long voyage via Khartoum to the Mediterranean. The height of the
crest of the pass is 7,000 feet, and the ground quickly falls away to the
north till one drops to the dead level of the vast Albert Edward plains.

When exploring with a small number of followers, I observed some
ape-like creatures leering at me from behind Ijanana palms, and with

considerable difficulty my Ruanda guide induced one of them to come
and be inspected; he was a tall man, with the long arms, pendant
paunch, and short legs of the ape, pronouncedly microcephalous and
prognathous. At first he Avas terribly alarmed, but soon gained confi-

dence, and when I asked him about elephant and other game, he gave

me most realistic representations of them and of how they should be

attacked. I failed to exactly define their social status, Ijut from the

contempt in which the}^ were held by the Waruanda their local caste

must be very low. The stamp of the brute was so strong on them that

I shoukl place them lower in the human scale than an}- other natives I

have seen in Africa. Their type is totally distinct from the other

peoples, and, judging from the twenty to thirty specimens I saw, very

consistent. Their face, )>ody, and limbs are covered with wiry hair,

and the hang of the long powerful arms, the slight stoop of the trunk,

and the hunted, vacant expression of the face made up a tout ensemble

that was a terrible pictorial proof of Darwinism. The pygmies are of

similar build, but have the appearance of full-grown, exceedingly

powerful men compressed, and with much more intelligent faces. The

pygmies are to these ape-like beings as the dog-faced baboons are to

the gorillas. Probably they are, like.the pygmies, survivals of former

inhabitants of the country, the difference in their type depending on

the surroundings in which they have had to struggle for existence.

The true type of pygmy is a magnificent example of nature's adapta-

bility, being a comlfination of immense strength, necessary for the

precarious hunting life they lead, and compactness indispensaljle to

rapid movement in-dense forest where the pig runs are the only means

of passage. While I was with the main cara\'an I never saw either a

pygmy or one of these creatures, and to study them it is necessary to go

aimost unattended; this obviously entails great risk, and it is conse-

quently very difficult to find out much about them. They both have

the furtive way of looking at you characteristic of the wild animal,

and though I had one of these curious men with me for a week when

I made the circuit of the volcanoes, he would always start if I looked

at him, and he followed mv every move with his eyes as would a

nervous dog; he refused an offer of cloth for his services, and sud-

denly vanished into the forest without a word, though several times
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afterwards I found liini watching me even when I had returned to

my camp on tlie base of ]\[ount Eyres.

On the last spur of the volcanoes there is a chief called Kahanga, of

some little importance, who has, to a great extent, emancipated himself

from the yoke of the Watusi; and farther down the Ruchurii Valley

the people are still more independent, till one comes to a thickly-

populated area two days from the Albert Edward, where the chiefs

deny that they owe any allegiance whatever to the Kigeri. The west

side of the valley is covered with heavy forest, while the east side is

undulating grass land, till 15 miles from the lake, when the country

settles down into one vast plain. The Ruchuru here has become

almost too salt to drink, and the vegetation changes abruptly in char-

acter, the luxuriant forest growth giving way to thorn scrub and

candelabra euphorbia, the l>eginning of the })lighted desolation char-

acteristic of the All)ert Nile Valley—s<'rub, mimosa trees, fan palm,

and euphorbia alternating till the region of th(> borassus, which begins

at the up]H'r junction of the Bahr-el-(iiraft'e.

Where the Ruchuru tlows into the Al})ert Edward there is a large

extent of reedy marsh, peopled by a race of fishermen who appear to

be identical with the curious Wanyabugawho inhabit the similar coun-

try at the entrance of the Semliki into the Albert Lake. They are ])oth

quite distinct fi'om their lUMghbors, and are now isolated. I am inclined

to think that they, too, are survivors of past races, who are making a

last stand for existence in these im])enetrable wastes, where, leading

an amphibious life that does not bring them into contact with the more

sturdy races who have supplanted them, they may yet give an impor-

tant clue to the ethnological problem of Africa. Unfoitunately. the

ditiiculty of approaching these timid and retiring peoples, and the

thoroughness with which contiguous peoples assimilate the prev'ailing

tongue, the study is out' of great difficulty. The lake itself is rapidly

diminishing in extent, and it will be seen that our map of the east

coast has materially modified the supposed form. Two very recent

levels are clearly defined, from which it would appear that the

upheaval has taken place in tits and starts. The most recent level

would give the lake an additional 120 square miles. The insignificant

size of the euphorbia on this level compared with that on the next ter-

race argues that the last movement has taken place very recently, his-

torically speaking. The vegetation appeared to me to correspond in

age to that which I have mentioned as having grown on the great lava

lieds poured out by the eruption previous to that of three years ago.

Two streams, the Sasa and the Ntungwe, flow to the Albert Edward
east of the Ruchuru, but lose themselves in an extensive marsh. The
old lake bed is rendered impassable by pits of tire, and huge jets of

smoke, shooting up from all directions, bear witness to the extent of

the volcanic activitv. Even to unscientific observers like ourselves, it
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was evident that the country between Kivu and the Albert Edward is

the ke.Y to the whole modern geographical and geological problem of
Africa, as probably Ruwenzori is the key to the problem of the past.

To summarize: The Rusisi Valley for 60 miles is obviously the old lake
bed of Tanganyika. Lake Kivu has been lifted up with the gradual
rise centering round and radiating north and south from the volcanoes.

The surrounding hills still inclose papyrus swamps at the lake level,

and some of these, having been pushed up by local movement, have
become drj" lawns.

I can only describe the Kivu region as having the appearance of

having bubbled. The north shore of Kivu is flat and slopes gradually

up to the volcanoes, sloping down gradualh^ again on the north side,

till the dead level of the lower Ruchuru Valley is reached—another

obvious lake bed, part of which was drained dry but yesterday. A few

small lakelets even are held still on this northern slope, and there are

many marshes and lagoons on the dead level. North of Lake Albert

Edward we find the old disturbing influence, Ruwenzori. But Lake

Ruisamba and its surrounding swamps to the east and the Semliki

Valley to the west carry on the idea. The northern half of the Semliki

Valley is a dead level with many swamps, and then comes the Albert

lake.

The lakelike reach of the Nile, narrowing at the Dufile Rapids (another

center of disturbance in remote ages), and again widening till the

swamps of the Rohl Bahr-el-Ghazal, Bahr-el-Jebel, and Bahr-el-Zaraf,

which can only be adequately described as a reed-grown sea, is a further

indication of the proba1)ility of an existence of a vast iidand sea, or

arm of the sea, of which the great African lakes of to-day are but a

fragmentary surv ival

.

The east coast of the Albert Edward lake is practically uninhabited;

a very few miserable natives live in the dense thickets of thorn bush,

and their huts are most carefully concealed. Their staple crop is the

sweet potato, and they spear fish and kill an occasional hippopotamus

in traps. They complained of having been raided by the people of

Ankoli. On arrival at the north end, Kaihura ferried us and all our

belongings across the narrow neck of Lake Ruisamba. Their canoes

are similar in make to the canoes of the Waganda, but not of such elab-

orate design, being made of ax-hewn boards, sewn together with

])anana-fiber cord; they are very capacious, and are so well fitted that

thev leak much less than would be expected from their construction.

The Sudanese ofiicer at Katwe entertained us for two days, when, hav-

ing recovered sufficiently from the severe fever from which I had been

suffering, we started for Toro, and six days later arrived at FortOrerry,

the headquarters of the district. There are immense numbers ot ele-

phants in Toro, and we went up to the Msisi River, which flows into

the southeast corner of Lake Albert, for a fortnight's shooting. Being
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white men, we had the privilege of paying a £25 license, which enabled

us to shoot two elephants; but our sport Avas spoilt by bands of Waganda,

who had crossed the frontier and were shooting indiscriminately any-

thing with a trunk, regardles of sex or age. Needless to say they paid

nothing. Nothing could be more acceptable than game laws and game
preserves intended to restrict the indiscriminate shooting of l)ig game;

but ))efore the Government is capable of enforcing them or even of

knowijig when they are ignored, 1 think they are premature. Here,

to my great regret. Sharp \\as forced to return home, and I had to

continue my journc}' alone, riiirty of our Manjema volunteered to go

on with me as far as Wadelai, and with this reduced caravan I marched

by the little \-oU-anic lakes Vijongo and around tlie northern spur of

Ruwenzori to the Semliki Valley, which I crossed, climbing up again

on to the Kongo ))lateau. ]Ier«>. on the west side of Mboga, I stayed

for three weeks hunting elephant, my best tusks being \)H pounds and

S6 pounds; these, curiousl}' enough, were obtained the same day from

two siiigkvtusked ele])hants, one ))eing a right tusk and the other a left,

and each measured T feet 1<> inches.

In this country the j)revailing type of elephant differed considerabl}'

from the 'I'oro and Nile type. Full-grown bulls carrying 70, SO, and

90 pounds tusks stood no higher than H feet at the shoulder; whereas

two of the other type I measured were a fidl 11 feet 6 inches, and

several over 11 feet. The ivory was also ((uite different—the Mboga
tusks being long, thin, and almost straight, ver}' white, and free from

cracks; as opposed to the curly, dull white tusks, covered with small

cracks, of the heavier beast. The tusks of the INlboga elephant are

set in the skull at a different angle and hang straight down, giving the

beast the appearance of having three trunks; while the tusks of the

more general type curl out in front almost at right angles.

The Balegga who inhabit the hills of the north, and Avho were suffer-

ing terribly from the effects of the long drought, looked upon me as a

great institution, and swarmed down in hundreds for the meat. A
weird sight it was. Stark naked savages, with long, greased plaits of

hair hanging down to their shoulders, were perched on every available

inch of the carcass, hacking away with knives and spears, yelling,

whooping, wrestling, cursing, and munching, covered with blood and

entrails; the newcomers tearing off' lumps of meat and swallowing

them raw, the earlier arrivals defending great lumps of offal and other

delicacies, while others were crawling in and out of the intestines like

so many prairie marmots. Old men, young men, prehistoric hags,

babies, one and all gorging or gorged, smearing themselves with blood,

laughing, and fighting. Pools of blood, strips of hide, vast bones,

blocks of meat, individuals who had not dined wisely but too well, lay

around in bewildering confusion, and in two short hours all was fin-

ished. Nothing remained but the great gaunt ribs like the skeleton of

a shipwreck, and a few disconsolate-looking vultures perched thereon.
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Returniiig to the Semliki. I followed the valley down to the Albert
Lake, and eventually arrived at the scene of the relief of Emin. Here
it was impossible to obtain food; the natives had been raided and shot
down by the Kongo State soldiers, and had fled to the marshes and reed-
beds of the Semliki mouth. After some difficulty 1 persuaded them
that I was of the same tribe as Colonel Lugard, and being satisfied by
a production of his photo, theii- confidence in me was complete. As
this territory is British, the charge against the Belgians is a serious
one, and I am perfectly convinced that the gist of their accusations is

correct; minute inquiries and cross-questioning failed to detect a flaw,

and the tale, which was repeated to me in districts as far distant from
one another as Mboga and Kavalli's, tallied in all respects, even in the
numbers of women and cattle driven ofi" and men killed. At five dis-

tinct villages, three of which were Wanyabuga villages and two
Wakoba villages, I was assured that the old women were treated with
the greatest cruelty. Three distinct tribes, the Balegga. Wanyabuga,
and Wakoba, told the same story. This I considered sufficiently con-

clusive, as there is very little intertribal communication, and it could

not have been a "put-up job," as my Balegga informants were 60

miles away from the others.

The journey up the west coast presented considerable difficulties, as

after Kahoma the hills descend abruptly into the water, rocky headlands

alternating with semicircular beaches (the deposits of the numerous
streams which flow down into the lake). In parts the lake is exceed-

ingly shallow, reeds growing at a distance of 2 miles from the shore;

and the deposit brought down b}" these numerous mountain torrents

must be enormous. This coast is of value for the magnificent timber

that grows in all the goi'ges. Transporting the loads round the head-

lands in two tiny dugout canoes holding one load at a time was tedious

work, and I was exceedingly glad to arrive at Mahagi, where the hills

recede once more. From Wadelai, the British post on the Nile, I went

to Afuddu (opposite Dufile) in a dugout canoe, and thence overland to

Fort Berkeley (the old Bedden), our advance post. Inspector Chaltin,

the able administrator of the Welle district of the Kongo and the

gallant conqueror of the Dervishes at Rejaf , kindly took me down to

Kero, their advance post on parallel five and one-half, in one of their

numerous steel whaleboats. Thence I traveled to Bohr with the Com-

mandant Renier, who was sent to find news of the steamer with Captain

Gage, Dr. Milne, and Commandant Henri, which had been away three

months on a reconnoissance toward Khartoum.

Bohr had been recently evacuated by the dervishes, and the strong

fort was still in good preservation. Throwing away everything but

absolute necessaries, I started with thirteen men on my 400 miles

tramp through unknown swamp with many misgivings. The first two

days the Dinkas were quite amenable to treatment, having been m
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contact with white men before. But afterwards I had a very anxious

time with the nativ^es, as in phiees they were in enormous numbers,

and, having never seen a white man, were quite ignorant of his ways,

and even of the use of a gun. For some distance on the edge of the

marsh there is a clearly detined stream, which loses itself in the vast

lagoons that form near the upper junction of the Bahr-el-Zaraf. Many
winding lagoons run for miles inland. When I passed thej^ were

stagnant, but 1 am inclined to think that they are really the outlets of

tri))utary streams. The number of elephant on the edge of the swamp
was prodigious, and they formed a serious impediment to our march,

as they refused to move out of the way. Nearly every morning we
wasted an hour or two shouting and throwing stones at solitary old

tuskers and herds of younger elephant. One old fellow resented our

terms of opprobrium and charged the caravan, ])ut was turned with a

shot from my double .303. Banks and banks of hippopotami la}' in

evci-y direction, but other game was scarce. The mos((uitoes were

a])palling. and rapidly killed off two of my boys who had been sick;

and the flies l)y day w(»re even worse.

The Dinkas have enormous drov^es of cattle, which they valu(> very

highly; they never kill them for food, but from time to time tap the

blood, which they drink greedily. They are of colossal stature; some
of the herdmen I saw nuist have been very nearly T feet, and in every

settlement the majority of the men towered above me, while my boys

seemed the merest pygmies by their side. They smear themselves with

a })aste made of wood ash to protect themselves from th(> bites of the

mosquitoes, and the long lines of warriors threading their way in single

til(^ through the marsh appear like so many gray spectres. They are

absolutely nude, considering any sort of covering as etJ'eminate. Their

invariable weapons are a long club made of bastard ebonj'^, a fish lance,

and a broad-bladed spear, and the chiefs wear enormous ivory bracelets.

The southern Dinkas cut their hair like a cock's com)), and the northern

Dinkas train their hair like a mop. Both bleach it with manure.

Six days from Bohr the Inish recedes 40 miles from the main channel

of the Nile, and the swamp appears limitless; even from an anthill 30

feet high I could see nothing but a vast sea of reeds north, west, and

south—not even the remotest suggestion of the far liank. At the curve

of the swamp, before the dr}" ground again turns west toward the

junction of the Bahr-el-Zaraf, there is a tribe quite distinct from the

Dinkas, presumably the Woatcsh, of whom Sir Sanuiel Baker heard

rumors. They are much smaller, and are ichthyophagic, possessing

no cattle. The whole population of each village turned out in force

and accompanied me to the next village, singing a wild eai'-piei'cing

chant, and continuously pointing to the sun. I suppose they imagined

I had just left there. Some of the villages are far inland, and the

women come long distances for water. I met many groups of them
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filling their pitchers, and they invariably treated me to a somewhat
embarrassing- dance; it was characterized by the wildest abandon, and
terminated in every one hurling themselves in a mass on the ground
and then dashing otf hi all directions into the bush, uttering shrieks
impossil)le to descri1)e. When I showed thenj beads or cloth and
attempted to purchase food, they ran away, hiding their faces, and
refused to look at them, thinking they were fetich. Even at night

bands of natives would approach and chant to me, so that I was greatly

relieved to once more enter the land of the Dinkas, who, even though
rather obstreperous, at least refrained from singing. A remarkable
thing was the extraordinary manner in which the Dinkas contrived to

conceal their enormous herds of cattle until they were quite sure of my
intentions; they kept them quiet by lighting small smoke tires under

their nostrils, and we often walked right into the middle of a cattle

village before we were aware of their proximity. A few miles north

of the upper junction of the Bahr-el-Zaraf, a considerable stream flows

from the east, which I am inclined to think flows from the marshes in

which the Pibro, the large affluent of the Sobat, rises. For 30 miles

at least it flows due east to west, and I am sure that it can not ris(> in

the Gondokoro hills, as suggested by Justus Perthes's map. Any
drainage that comes from these hills nuist, from the contour of the

country, flow into the Nile or into the marsh by the long lagoons that

I have already mentioned, or down the other side of the watershed

into the Sobat. Should my surmise as to the source of this affluent

prove correct, the country between the Zaraf and Sobat is an island.

The natives at Bohr assured me that there was no water for many

days east, and there was a considerable amount of w^ater coming down

the affluent in question. This would suggest that the streams passed

by Lupton Bey in his journey east of Lado either drain into the Nile

south of Bohr, or, what is more probable, into the marshes of the

Pibro.

This Kohr is the northern boundary of the Dinkas. Shortly before

reaching it I was treacherously attacked by the inhabitants of the vil-

lage near which I had camped. They gave some ti-ouble in vnm]) dur-

ing the evening, but appeared quite friendly in the morning, and turned

out to the number of about 100 to accompany me on the march, as

had often happened to me before. Sometimes there were fully 1,000

natives with me; they took me as a huge jest, and wanted to see as

much of it as possible. I had noticed that they were ci-owding lound

me. when suddenly they started, killed my best man with a spear wound

through the heart,, and broke the skulls of two more; the rest threw

down their loads and ])olted, my small boy with my revolver among

the rest. A quick right and left laid out the chief and his prime min-

ister, and I swung round just in time to dodge a spear and to ward a

blow at my head from a club, which felled me to my knees. I responded
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by poking my empty rifle in the pit of his stomach, and the ensuing

pause oTRve me time to slip in a cartrido-e and finish him. The rest

then drew ofl' to about 800 yards, which they evidently considered a

safe distance. An enormous man, of about 6 feet 6 inches, who had

caused most of the trouble in camj), tried to lead them on again, and

if he is still alive he knows more alH)ut the eti'ects of a dumdum bullet

than most men. I shoidd niiuh like to have given them a severe les-

son, but, as 1 had very few cartridges, T knocked another gentleman

oil' an ant-hill at long range, and, having thus given them an idea of

-the uses of a gun, made forced marches out of the country, fearing

that they might return in ovei'whclming numbers. One of my boys,

who lagged behind for a fe^^ moments despite m^- repeated warnings,

vanished completely.

The Nuers are similar in ap])earance to the Dinkas, but rather

smaller; they wear iron earrings, some of which were a foot in diam-

eter, and cultivate their hair with the greatest care, binding it up with

rings of cowries. TluMr method of showing respect, as with the Dinkas,

is spitting on the object of their attentions. The last ten days of the

march were terrible. Far as the eye could reach, one vast shimmering

waste of burnt reed, sun-l)aked nuid. and marabout storks; the Zaraf

flowing between parallel nuid ))anks, lined with crocodiles; never a

native, never a living beast, with the exception of the dismal hoppos,

'

solenm mara])outs, and screaming kites; no trees, no bushes, no grass;

nothing even to boil a cup of tea, and our diet of liippo meat or pelican

steak, with no bread or even grain, was rapidly telling on our health;

so that it was a moment of intense jo}' when I unexpectedly met Major

Dunn, of Major Peake's sudd-cutting expedition, who was up the Zaraf

shooting.

It was diificult to realize that it was at last over. From Sobat to

Cairo was covered in a fortnight of wild hospitality, a distance equal

to that which had necessitated eighteen months of weary toil. The
maps were worked out with a watch and prismatic compass and ane-

roid; to regulate my errors, I took Usaml)ara, Vichumbi, and Katwe
as fixed points. We were unfortunate in having to leave our theodo-

lite behind for lack of transport, and in losing our sextant and l)oiling-

point thermometer in a raid that the Waruanda made on us one night

at the beginning of our trip. The exceedingly bill}" nature of part

of the country traversed added to the difiicult}" of judging distance

covered. However, I trust that the maps will more or less serve the

purpose for which I intended them—that of clearly showing what dif-

ficulties the railway and telegraph will have to contend with—such as

physical features, labor, and supplies. The immense difiiculties of

transport and the work entailed in keeping a caravan thoroughly in

hand, which is so essential when traveling without an armed force,

precluded all possibility of making collections; and our photographic
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apparatus was spoilt by the negligence of the transport company that
undertook its delivery. We are proud to be able to say that on one
single occasion only we found it necessary to take food from the
natives; they had all fled, and I took out ten men and cut about thirty

bunches of bananas. I have always believed that more can be done with
natives by tact and firmness than by a display of force, which makes
them believe that their country is threatened; and certainly they

nowhere imagined that we, with our ten rifles, had any warlike inten-

tions. On only two occasions was 1 compelled to take life, and that in

self-defense when actually attacked. Attacking people in case they

may attack you, I have seen recommended, but I think it a superfluous

and questionable precaution. Even the people of whom Sir Henry
Stanley writes, "Marching to Wadelai would only be a useless waste

of ammunition," I found perfectly tractable, and that although they

have since his visit been subjected to the disturbing influence of the

Belgian raid on Kavalli, and of the twent}^ rounds that i took with me
I found it unnecessary to use one.

Before the reading of the paper, the president said :
" This evening we have the

pleasure of welcoming our j oung friend Mr. Grogan, who has succeeded in making a

most important and interesting journey from the Cape to the Mediterranean. That

has been done liy him for the first time, and so far as geographical work is concerned,

he has nmch here to tell us, especially in the region north of Lake Tanganyika."

After the reading of the paper, the following discussion took place:

The President. Mr. Grogan has mentioned to me the immense importance it was

to him to have had such a traveling companion as Mr. Sharp, and he felt it as a

great loss when Mr. Sharp had to leave him to return by way of Uganda. We can

imagine how important it must have been on such an expedition to have a good,

well-tried companion. Mr. Sharp is here this evening, and perhaps he will address

the meeting.

Very often great travelers are too modest to address meetings of this kind, but we

have present this evening the members of an international convention which, I

l)elieve, is assem))led hi London at present in order to take sonic international meas-

ures to ]irevent the total extirpation of wild animals in Africa; alreiidy three, besides

the quagga, are extinct. Among other delegates we ha\-e one of the greatest of Afri-

can travelers, Major Wissmann, and I trust that he, taking so deep an interest in Mr.

Grogan' s journey, will address a few words to us.

Major Wissmann. The only fault I can find with the lecture we have just heard is

that it was too short. We should all have liked to have heard more details about

these interesting travels and observations. You can imagine how eagerly I look for-

ward to some detailed description, because Mr. Grogan touc-hed, going from the

Zambezi to the north of Tanganyika, my tracks of 1881, 1887, and 1892. We may

all, I think, congratulate Mr. Grogan on his great ability in dealing with the natives.

The idea that first journeys are always the most dangerous, is wrong; at least, I have

always traveled more safely where no other European or Aral) has been before me.

The first contact with the new civilization is not always the test for the savages. The

way in which Mr. Grogan has traveled through the countries of tribes bearing a

very bad reputation is surprising. The famous ]\Ifumbiro, which Mr. Grogan mam-

tains exists oulv in the imagmation of British statesmen, has been found by a German
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traveler, or rather its name was recognized, because T think ^Ir. (jrogan saw the

mountain under another name.

The President. We have also a very illustrious French traveler present. I am
afraid he is not very conversant with our language, but if Captain Binger, who has

done so much important work on the Niger, cares to address us in French, we shall

be glad to welcome him here this evening.

We mui^t all have listened to Mr. Grogan's paper with great interest. lie has

made a most remarkable journey. He is the first to go over tiiat enormously long

line of country, which is eventually to carry a railroad, but I am afraid, from the dilli-

culties he has descril)ed, that it will be a long time iience. In the meanwhile INIr.

Grogan has made a most remarkable journej*. Much of his work is of great interest

and new to us, including that swamp he visited on the Chambezi,and the extremely

interesting description he has given us of that previously unknown, or almost

unknown, volcanic region to the south of the Albert PMward Lake. He deserves the

greatest credit for the observations he has made and the care he has taken in making

notes of all he has seen of interest to geographers. So young a man—for he is only

25 years of age—may look forward to a long career as a geographical c.xidorer. I am
sure you will wish me to express to him your thanks for his])ai)er and the interesting

photogra]>hs; also, to express a hope that it will not be a very long time hence l)efore

he comes to us with another paper, if jKjssible of still greater interest and importance.

It will l)e a very great mistake indeed for us to suppose that there is nothing left to

discover. There are vast regions in all (juarters of the glol)e, besides the arctic and

antarctic regions, which are entirely unknown, and I look forward to such young men
as Mr. Grogan t<j vie with the geographers of other countries in exploring unknown
regions.

I have great pleasure in conveying to Mr. Grogan the thanks of the meeting for his

most interesting paper.



Smithsonian Report, 1900.—Grogan
Plate I.

The Volcanoes from Lake Kivu. View from Southeast.

The Volcanoes Mount Gotzen and Mount Sharp,





Smithsonian Report, 1900-—Grogan.
Plate IL

f.





Smithsonian Report, I 900.—Grogan.
Plate III.

\\"~r i;:^ ^ Tel/" in.

Gaha- SharrCheh. 6>.

Jjry plains \ X/or^e
rLO 'popxiXGijLorLf

-T j! i:: -f'jLv,^^ pools of salt ^
\ -

^ ^^— \KWOjt4z'^UipOpxdctXiUOrv^
J 1 -Paints \^ \

Scale of Miles

> lO 20 AO 6<

Nai scaJe 1 2 000.000 or 31 55 miles Winch
lai

The Swamps of the Dinka Country,













thp: '^yermak" ice breaker/

B}^ Vice-Admiral Makaroff, of the Russian Imperial Navy.

The old way of traveling in the polar regions was by means of dogs
and sledges. Dr. Nansen proposed to travel with the ship, making
her so strong as to resist the pressure of the polar ice. He succeeded
in this perfectly well; his ship could stand the attacks of the polar ice,

and his defensive tactics proved to be very efficient. Just at the time
when Dr. Nansen proposed to build his Frain, I had the idea of adopt-

ing ofi'ensive tactics against the polar ice. I was engaged at that tune

with m}^ service, and did not then see my way to disclose my ideas,

but I made some preliminarj^ preparations. I wrote to Dr. Nansen a

letter, in which 1 stated that I was entirel}^ of his opinion, that he

would be carried b}^ the currents somewhere in the direction he

imagined, and advised him that help should be sent for him to Franz

Josef Land. My letter to him and his answer were duly published in

the Russian newspapers and in geographical publications. I thought

it quite possible that he would not complete his voyage in three >-ears;

I also thought that, if in four years nothing was heard of him, people

would be anxious to send help, and that would be a good pretext for

collecting money.
In my opinion the best way to penetrate into the Arctic i-egions is

by means of a powerful ice breaker. Certainly I did not wish to men-

tion in my letter to Dr. Nansen that I would go and help him, because

being on Government service, I could not dispose of myself. But I

asked him in my letter if he had any intention of leaving any trace of

his voyage. He replied that he intended to put on every island that

he might discover a pole with a small Norwegian flag on it, and under

that pole a letter with information about the voyage of his ship.

Fortunately for Dr. Nansen, the current carried him on very well, and

on my return from the Pacific station I was happy to learn that he

and his Fram had safely returned home. Of course that deprived me

of my excuse for collecting the necessary money for building a large

ice breaker, but I found another motive, this time purely commercial.

From The Geographical Journal, London, Vol. XV, No. 1, January, 1900.
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I proposed to ])uild an ice breaker, which in winter time might clear

the way through the ice to the port of St. Peter.s})iirg and in summer
time help the navigation to the Siberian rivers flowing into the Kara

Sea, barricaded by ice almost during the whole summer.

The ice breaker was built here in England by Sir W. G. Armstrong,

Whitworth tNc Co., Ijimited, and the name of the conqueror of Siberia,

Yefnnak^ was given to her. Her length is 305 feet; breadth, 71 feet;

displacement, with 3,000 tons of coal, 8,000 tons; and in this condition

she draws 25 feet. Her bow is inclined 70 from the vertical, her

stern is 65°, and her sides are 20° from the vertical. In whichever

direction she moves in the ice she is bound to rise on it and ))reak

it with her weight. She has four engines, working four independ-

ent propellers—one in front and three at the stern. Each engine

develops 2,500 horsepower, so that the total force of the ship is 10,000

horsepower. The ship has a double bottom and double sides. She is

divided into forty-eight compartments, every one of which was tried

by filling with water as high as the upper deck. One compartment in

the fore part of the ship, one at the stern, and two at both sides are

specially designed for changing the trim and heel of the ship. In the

center of the Yin^mah is situated a powerful pump, which can take

water from an}^ of these compartments and pump into the other.

Each propeller is supplied with extra auxiliary engine, so that the

main engine can be disconnected if necessar}' and the propeller worked
from the auxiliar}- engine. This was meant to give econom}- of fuel

when the ship has to go under ordinary conditions and reduces the

number of mechanical stall'. The ship has a rolling chamber to keep

her steady, and a lifting crow's-nest, which afl'ords facilities for direct-

ing her through the ice.

I selected a very distinguished officer, Captain Wasilieff, to com-

mand the Yermah during the experiments, but I was on board myself

on every important occasion.

Her maiden voyage was from Newcastle to St. Petersburg. We
entered the ice at the meridian of Revel, and had to force our way
through 160 miles of ice. It never occurred to an}" one that the ship

would go to Cronstadt in winter time, and our entering Cronstadt

harbor caused quite a sensation.

The limits of this paper does not allow me to give details of our per-

formance in the Baltic. Soon after our arrival in Cronstadt a telegram

was received that thirteen steamers were caught in the ice near Revel,

and some of them were in danger. The Yerinak went at once to

Revel and opened the way for these and other steamers, the total being

forty-one, partly blocked in the ice and partly waiting in Revel Har-

bor and other ports for several weeks. This work done, the Yermak
proceeded again to Cronstadt, and helped forty steamers going to St.

Petersburg. After this was done the ship proceeded to Newcastle to

take in a supply of coal.
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The ship was built for the Kara Sea, where is one year's ice, })ut it

was resolved to try the ship in heavy polar ice. In the month of June
we made our first trial in the polar ice, and found that the ship had
to be strengthened and the forward propeller taken out. Ilion we
returned to Newcastle, and on August 6 we entered again the polar
ice. This time we were in the ice two weeks, covering duiing that
period 230 miles in 87 hours.

We entered the ice to the northwest of Spitsbergen on August H at

noon, and in eight hours made, in the ice, about 30 miles to the north,

going always in a zigzag route. Then we stopped almost for three

days, examining the ice and the ship itself. During that period we
were drifted west-southwest at the rate of 10 miles a day, the wind
being north. Then we made again 10 miles to the north, and stopped

for a day, and in eleven hours made 30 miles to the north again, the

wind always blowing from a northerly direction. At this last place

we met an ice floe 14 feet thick; stopped to examine it for a day, and

as the pressure of the ice increased every hour considerably, without

evident reason for this, I thought that we were too much to west, and

that this was not the route for the ice breaker. After considering the

matter, I came to the conclusion that in this localit}' pressure of the ice

should be almost constant; the direction of the movement of the ice to

the north of Spitzbergen is west-southwest, while on the western part

of it it is southwest by south. There ought to be something that com-

pels the whole body of ice to change its direction almost suddenly as

much as three points. I presume that this change is due to the position

of the Greenland coast, which stops the westerly progress of the ice.

Owing to this a heavy pressure is accumulated on the northeastern side

of Greenland, which interferes with the drift of the ice of that locality

to the south. The ice remains there for many years, growing in thick-

ness. Is it not due to this that Nares met on the coast of Greenland

heavy ice, to which he has given the name pal^ocrystic? Certainly

this is only my conjecture, but it looks at present rather probable. If

it is so, this locality is not a place through which one would ad\'ance

fairly ahead, even with the powerful ice breaker.

The pressure of ice was so considerable and the ice so heavy that it

took me four hours to make 2 miles to the south. After this the ice

was less thick, and we went at our usual rate, making 2i miles an hour;

later on the ice became still easier, which allowed us to go more

quickly. After we covered about 60 miles we found open water, fol-

lowed the boundary of it, and entered the ice again to the north of

Seven Islands. In this place we had nmch of the hunuiiocky ice. but

that did not stop the progress of the ship.

On August 14 the weather was very clear, no clouds on the horizon

and the air verv transparent. We saw to the east of us a land which

is not marked on the map. We did not see that land directly. AN c
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s;nv it only )).v tho refraction of the air. but we «aw it distinctly from

6 o'clorlv in the evenino- to 11 o'clock the next inorniny, and took the

bearings of it. It could not be Franz flosef Land, the nearest part of

which was at that time at a distance of 260 miles from us. Neither

was it Gillies Land, which was at the distance of 160 miles. We
believe we saw undiscovered land, and if we estimate the distance to

be 100 miles, that land should be no less than 60 miles long.

On August 16 we directed our course to the south, and we saw four

complete table-shaped icebergs from 40 to 60 feet high, and many
debris of icebergs; one of them was completely covered with moraines.

We picked up some stones from it. A little ])iec«> of metal was found

between the stones, and there are signs of metal in the other stones.

It has not yet been examined by any geologist, so that I can not say

much about their nature. Neither can I state from what land they

come. Maybe they come from the land which we supposed we had

seen.

During the whole voyage we had an opportunity of studying the

nature of the polar ice, the Yei'mak, with her powerful cranes and

winches, offering a very efficient means for this. Our usual way was

to cut a piece of ice, or to tind one of a suitable size, and to lift it on

deck. The pieces which were found in the watei* were lia))lc to melt,

although the water had a temperature of 29.3° F. This melting

affected the superticial part of the block of ice, and the interior of it

was as strong as might be. A block of ice being brought on deck,

holes were drilled into it at different depths, and the thermometer

introduced. Generally the temperature of the ice at that late season,

at the surface, is not far from freezing point, and in the lower strata

it corresponds to the tem}>erature of sea water.

On one occasion we had a good chance of taking the temperature of

an ice floe 14 feet thick; a piece of it, broken by the Yerninl, was found

floating on its side. We found that the temperature inside of it was

28.5° F., i. e. 0.5° below freezing point of sea water. I am not sure

whether it shows that such thick }>locks do not lose entirely during

the summer their excess of cold received in winter.

After the temperature of the block of ice was taken we used to cut

at different depths ol)long pieces of a certain size, and by submerging

them in water, study the specific gravity of the ice. Experiments

were made with 26 samples, and they have shown that the floating

part of the ice is within the limits of 6.5 per cent to 16.4 per cent,

while the average is 12 per cent.

After experiments on the floating of the ice, oblong pieces were sub-

jected to the trial of breaking. The strongest ice was found to be

glacier ice, which required 180 pounds to break the oblongs. The

weakest ice proved to be that from the floe, 14 feet thick, and required

63 pounds to break it; the average of the other ice shows that 110
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pounds are required to break the same oblong. After this wo molted
the ice from different depths of the floe, and we tested the melting-
point. It proved to be very near to the freezing point of fresh water.
The exterior part of the ice in water is spongy, with canals and holes

in it; it looks from the top like lace. The ice of this spongy part has
the lowest melting point visible, from 31.3° to 30.6°. We' subjected
the sea ice to the influence of a current of salt water, 29.8° F., and
found that ice melts in that temperature very easily. It is rather
remarkable that ice melts in water the temperature of which is more
than 2 degrees below its melting temperature.

After the melting point of the ice was determined, we measured the

specific gravity of the liquefied ice; it was proved that this water con-

tained generally very little salt indeed. Surface ice gave almost fresh

water, but the ice at the bottom of the floe contained a little more salt,

salinity varying from 0.01 to 0.69. The latter high salinity is obtained

from the liquid ice of the spongy part of the floe.

Direct measurement of the ice floes has shown that the ice i-idges

have generally the height of 10 to 14 feet. It is not unusual to meet
an ice ridge 16 feet high. One separate ice ridge was 22 feet high,

while on one occasion we saw a detached piece projecting something

about 6 fathoms. We did not reach it, and consequently could not

measure it, so that this last figure is estimated bj^ eye.

There is no difficulty in measuring the superficial part of the ice,

but it is not so easy to obtain a proper knowledge of the depth to which

the ice ridges extend below the water line. The direct l)oring of the

ice gives good figures. We had an ordinary boring machine, but that

did not answer the purpose well enough, because the progress of boring

w^as rather slow. Then we arranged a steam jet, which melted a hole

in the ice, and answered the purpose admirably; but unfortunateh' we

were short of pipes, and could not reach the lowest part of the ridgos.

The direct boring showed the thickness of ice and water layers, or

spaces in the direct vertical line. These are the figures:

First boring— Seooud boring—
12 feet ice. 21 feet ice.

2 feet water. 2 feet water.

3 feet ice. '-^ fw'^ '<'f

2 feet water. —
4 feet ice. Total, 26 feet.

Total, 23 feet.

Then we tried to pass under the ice ridges a float witli Thomson's

sounding tube attached to it. We put the float on one side of the ice

floe and passed the rope around it to the other side. A little weight

was generallv attached at 1 fathom distance from the float, ^^'hon the

rope sank properlv we pulled it to the other side of the floe. Some-

times all this maneuver was done with the boat and sometimes with the
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ship itself, her three propellers giving facility for such complicated

maneuver. The tioat passed under the chain of ridges, but of course

it did not get to the lowest part, which might project somewhere.

Often the sounding tube has shown 4 to 5 fathoms' depth, but some-

times it has shown 7 fathoms. Separate pieces may project below to

the depth of 8 or 9 fathoms, so that the ice tioe may touch the ground

at that depth, but probably will not properly settle itself until the

depth of 5 or 6 fathoms is reached.

Hydrological observations consisted in determining the specific grav-

ity of water at diti'erent depths. Below I give the specific gravity and

temperature of water at two stations, one being on a parallel of the

north part of Spitzbergen, another on the parallel of North Cape:

station No. 31, August 20.

79° 41' N., 40° 58' E.
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tho disting-uished oceanographor, and I am of opinion that cold water
must settle down the slope of the bottom close to Spitzl^ergen.

There is no voyager in the polar regions who has not his own story

of bear shooting. I could not sacrifice time in that sport, })ut there is

such an abundance of polar bears that one can not avoid having a shot

at them. Fresh traces of the white bear are seen on almost every

other ice floe. Generally the track goes from one end of the floe to

the other, and it looks as if the bear on his way goes straight, whether

on water or a floe of ice. The bear usually makes a hole in the snow,

and then lies dow^n in it, so that you can not see him from a short dis-

tance. When a ship passes he jumps out at once from his hole, and

were it not for this one would pass him by unnoticed.

The moment we entered the ice in June we saw two bears, l)ut we

were very bus}' at that time with the study of the ice, so that we let

them go their own way. When we came next into the ice in August

we saw some bears almost every day. One bear was upon the floe

when we approached. Our sportsman wounded him, but the l)ear

escaped to the other end of the floe, and swam over the lane. By that

time the Yermak approached the place where the bear was, and it was

shot dead by a bullet from the forecastle of the ship. We stayed a

quarter of an hour to get him on board. On another occasion three

l)ears approached the ship at 4 o'clock in the morning. Afterwards

they proved to be a she bear with her cub, and a he bear. The watch-

man roused the sportsman, who at once pursued the bears. The cub

was wounded first, in the leg, and it was most pathetic to see the

mother bear help her baby to get over the ridges. Another bullet

killed the cub. The mother bear, imagining that it was the he l)ear

that had killed the baby, rushed violently upon the he bear, and ripped

up his skin for more than a foot in length. This gave to our sports-

man the chance to approach and finish with both bears.

The most interesting part of the experiment is the behavior of the

ship herself in the ice; the question whether or not the steel ice breakei-

can In-eak polar ice and stand its pressure. Experiments in the Baltic

have shown that a great deal of power is required to propel the ship

through the ice. Ice ridges in deep water, in the Baltic, never attam

any considerable height, but the ice is difiicult to pass through; and it

happens that the ice field, which is no higher than 1 or 2 feet, re(iuires

more power than the Yemiak can supply. In these cases we were

obliged to move the ship astern, and charge at full speed, g-tiining

sometimes less than the half-length of the ship at a charge. Ihe tact

is that the Baltic ice, being composed of pieces no more than ^I to 6

feet thick, gives a very great skin resistance to the ship. I his was so

to such an extent that other ships following the \ennak in the cana

opened by her, on some occasions, could scarcely proceed with tall

speed.
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It is quite another proceedina-, breakinof the polar ice. In some

places of the Baltic the ice field is uiiiMterrui)ted from one shore to

another. In the arctic seas the ice is broken. Floes of ice might be

several miles or several fathoms in lenoth. Between ice floes are the

lanes, which are very irregular. Sometimes ice floes are pressed

against each other and sometimes not. When the ice is not pressed,

the progress of the ship is very easy. Floes of ice even a mile long

move away and give passage to the ship. The sharp, projecting

angles of the floes break very easily, and sometimes it is preferable to

shorten the way by cutting a floe right through. Thick polar ice looks

very heavy and .strong, and when walking on it one can not imagine

that such a heavy thing could be broken. But the fact is that even

ice 14 feet thick cracks when charged at by the ship, provided there

is room to remove ])roken parts.

The lower part of the polar floe has constantly, more or less, the

same temperature, while the temperature of the surface varies with

the temperature of the air, which sometimes produces the cracks and

sometimes prepares the ice for cracking. The moment the ship

charges the ice it cracks at the place at which it might crack in half

an hour itself with another change of temperature of a degree or so,

or with the beginning of pressure. The big floe cracks more easiW

than the small floe, which sometimes is pushed bj?^ the ship and goes

in front until it manages somehow to pass on one side of the ship or

the other.

Fields of hunnnocky ice are liable to crack even more than flelds of

plain ice. In charging that ice the ship's bow rises to 9 feet; then

the fleld cracks, the ship falls down and goes ahead, moving aside the

debris of the ice fleld. It is a most exciting scene to see some of the

big pieces of ice falling down into the water and the others coming to

the surface from a great depth, every detached piece trying to And a

new position, while the ship itself, ])eing always pushed ahead b}' her

machiner3% gradually advances, maybe rises again, and gives another

crack to the fleld ice. We took some cinematograph pictures, which

show how much the ship lifts herself up in the ice, and that gives us

means of calculating what weight is applied to crack the floe of ice.

If the ice is in the period of pressure, progress is not so easy. On one

occasion it took me four hours to make 2 miles, while usually the ship

went, by zigzags, with a speed of 3^ knots, making good '2^ knots an

hour.

There is a great difference in ice-breaking in the Baltic Sea and the

polar regions. Hummocks in the Baltic Sea are never high above

the level, but sometimes they are very deep. According to our meas-

urement, they go down to as much as 20 feet. On one occasion we
measured 27 feet down and 6 feet up, the total being 33 feet. Such

hummocks are composed of pieces 1 to 3 feet thick. Many hum-
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mocks are formed at the time when ice is moved t)y the .swell: the
result of this is that every piece of ice finds its best position, and
the whole hummock is very compact. When the ship charges into
it, it does not always form long cracks, but breaks under the ship,
producing no heavy effect upon her skin. When the ship passes half
of its length in such a floe, she touches so many fragments of ice that
they stop the progress of the ship by the friction and the pressure
upon the skin of the fore part of the ship. When the ship stops,

there is no other way than to go back and charge again. This time,
before the bow of the ship touches the solid ice it has to run through
100 feet or so of broken ice; that diminishes very much the speed of

the ship, which on a second charge may make a very little headway.
It happens sometimes that after the ship stops going ahead it won't
go back, and it takes half an hour, until by reversing the engines

ahead and astern one can get the ship out of this disagreeable stand-

still position. From time to time it happens that one has to get the

use of an ice anchor to move the ship astern. Nothing like this hap-

pens in the polar ice, which breaks into big pieces, and consequently

there is not so much skin resistance. The moment you stop j^our

engines the ship goes back herself, and there will be no fragments

left which could stop her progress when she charges the second time.

For this reason the second charge will be almost as efficient as the

first, and we never wanted an ice cage to move the ship in the polar

region.

Fresh-water ice in the Baltic is stronger than the salt-water ice in

the Arctic Sea, but, owing to the dimensions of the pieces of the ice,

the ship never receives such tremendous local blows in the Baltic Sea

as in the polar region. The general conclusion is that in the Baltic

the force of the engine is required, while in the Arctic the strength

of the construction is the main thing to pay attention to.

It is most interesting to decide the question whether my idea of

exploring the polar regions by means of ice breakers is sound or not;

whether in future explorers of the Arctic should stick to their sledges

and dogs, or trust themselves to the drifting ships of Dr. Nansen, or

embark upon the strong ice breakers. It looks as if the \oyage on the

ice breaker is the most expensive of the three, but it saves time, which,

if properly calculated, is always money. If we come to the conclu-

sion that the ice breaker is to be used for the exploration of the

Arctic, then comes the question, What sort of ice breaker is good for

that purpose? Shall we repeat the Yermak, or shall we give to the

new ice breaker another feature, basing ourselves upon the lesson

given us by the experiments of the Yermak in the polar ice? Surely

the Yermak is not the last work of science in that direction. The for-

ward propeller was very much praised in America, and i)rovcd to be

useful in the Baltic. But when we first entered the ice in June last, I
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felt at once that the fore propeller had to be removed, whioli was done

on my returning to Newcastle. No forward propeller could stand the

charges of the ice breaker into the polar ice; and if it does so, it stops

the progress of the ship. Of course, the YerinaJi' is meant for double

service; for the Baltic the forward propeller is useful, and for the

Arctic it is objectionable. We have either to sacrifice one or the

other; but if a special ice breaker has to be built for the Arctic it

ought to be without forward propeller.

With regard to the strength of the ship, it is not a question of the

weight of material; it is a question of knowledge and experience, and

I believe that Messrs. Armstrong, Whitworth & Co. have learned very

much since our lust trial in the polar ice. One can not make a mis-

take in building a ship too strong. The Yeniud- had to be improved

in that respect after the first trial, and we have to do something more

now. Had it not ])een for this I would not have returned without

penetrating farther on, in order to study that unknown region a little

more.

The angle of the stem, 70^ from the vertical line, proved to be a

good one; 20'-' for the sides of the ship is also not bad, but it should

run a bit higher than on board the Yennak^ because the ship receives

with her sides tremendous blows; 25^ would })e still more profital)le.

With such a shape of ship one would expect that the ship would roll

heavily at sea. T did not dare to give to the Yermak any bilge keel,

but T think it would do no harm to the ice-breaking qualities if the

ship was supplied with two short bilge keels on the last third of the

length of the ship; it would improve, somehow, her rolling quality;

also a l)ig rolling chamber would be useful.

The proportion of the Yenucik is 1 to \\\ it is such because the ship

has to enter the port of St. Petersburg. For the polar ice breaker

finer lines would be better, but finer lines increase the weight of the

ship. I believe 1 to 5 would be a good proportion.

The size of the ship depends very much on the power required and

the quantity of coal supply. The bigger the ship the more powerful

will be the engines and the greater the supply of coals. During our

work in the Arctic we seldom used our full power; the ship progressed

fairly well with the engines working slow. However, sometimes it

happened, during the pressure of the ice, that full power was required.

In such a case a ship with weak engines has to wait, but it should not

be more than a few hours. The progress of the ice breaker with

smaller engines will not be so quick; anyhow, it will be progress. I

may say, the less power j^ou have the more patience you want in

going through the polar ices. The Fram had 200 horsepower; it was

not enough for a good ice breaker; but I believe 2,500 horsepower will

be suflicient for fairly good progress through the ice.
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The distance that one can go through the ice will depend upon the
quantity- of fuel, and a.s liquid fuel i.s more efficient than coal, it should
be accepted for the polar ice breaker. That fuel is easily put into

an}' compartment of the ship, so that on entering the ice one can have
as much of that fuel as the ice belt and the shape of the vessel allows.

Liquid fuel has another advantage particularly applicable to ice break-

ing, where the speed of the engine is changed so often. With the

liquid fuel you stop burning instantaneously, while with the coal you
burn it unnecessaril}^ every time you unexpectedly reduce your full

speed to a dead slow. Li(|uid fuel is easily pumped from one part of

the ship to the other, and can be used for trimming and heeling

purposes.

All these deductions are preliminary. 1 have to think over them,

and maybe more detailed study of the material we collected will force

me to make a slight modification of what I have stated in this paper.

But there will be no moditication in my idea that the exploration of

the Arctic and Antarctic ought to be done with the help of the polar

ice breakers.





THE GROWTH OF BIOLOGY IN THE NINP:TEENTH
CENTURY/

Address before Congress of Scientists at Aachen, .SeptemVjer ] 7, 1900,

B}^ Oscar HERT^vlG,

Director of the Analotnical and Biological Institute of the University of Berlin.

The first of the series of addresses which, upon the close of the cen-

tur}^, are to give you a short review of the acquisitions of the natural

sciences, treated of a department in which the successes of the scientist

have been particularly prominent; for the acquaintance with the

forces of nature, which the chemist and phjsicist have earned by

investigation in their laboratories, is the starting point for an expert

mastery of nature that has reconstructed the life of civilized peoples

from its foundation. From unpromising chemical and physical dis-

coveries have arisen numerous giant industries, the basis of a commerce

on an even more magnificent scale, and various technical contrivances

by which men have more and more subjected space and time to their

will, flitting by the force of steam, without fatigue, over wide stretches

of land, or interchanging their ideas with the speed of lightning over

the ocean.

The honorable task which has fallen to my lot is to report upon the

development of biology during the nineteenth century. That science

has no such glittering successes to show as those I have mentioned;

yet I think I may venture to assert that the knowledge of nature which

human sagacity has won even in the realm of biology is not inferior to

the discoveries^ and inventions of the chemico-physical sciences in gen-

eral scientific importance and in fruitfulness for human civilization.

The insight into the complicated laws of nature that govern organisms

as well as inorganic bodies, the inquiry into their structure, their origin,

their vital processes, their relations to one another and to the cosmos,

teaches us to subject the world of living creatures also to the domination

1 Translation of Die Entwicklung der Biologie im 19 Jahrhundert. Vortrag auf der

Versammlung deutscher Naturforscher zu Aachen am 17 September, 1900, gehalten

von Oscar Hertwig, Director des anatomisch-biologischen Instituts der Berlmer Um-

versitat. Jena. Verlag von Gustav Fischer, 1900.
^^^
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of our mind, thereby to make them serviceable to our welfare in count-

less waj's, or where they confront us as hostile powers to defend our-

selves from them by hygienic protective measures. But what is much
more important, biology enlightens us concerning our own human
nature, l)oth in its corporeal and in its spiritual aspects, and conse-

quentl}" leads to a greater mastery over ouiselves; and in accordance

with the progress of that knowledge biology influences even our

religious, moral, and social ideas, and thereby arouses woi'ld-moving

forces which have a no less transforming efl'ect on the conduct of our

life than does the expert mastery over inanimate nature, made possible

by physics and chemistry.

The endless realm of biology is nuich more extensive than the chem-

ico-physical sciences. For that reason, in the brief time during which

1 can venture to beg your attention 1 can only give a summary review

of the development of the science during the nineteenth century, and

can only refer to those particular dii-ections in which our biological

knowledge has made its principal progress.

A short definition can scarcely express correctly what a living being

is, or what life is. It can only be said that life depends upon a special,

peculiar organization of matter, and that with this organization are

connected special functions (Verrichtungen oder Functionen) which

are never met with in lifeless nature. The particular branches of sci-

ence which relate to the study of animals and plants are, therefore,

commonly divided into two groups, the anatomical and physiological

sciences; that is to sa}', into those which deal with the structure or

organization of the being and those which relate to its functions and

its life processes.

In both directions our knowledge has been infinitely extended during

the century. While the sixteenth and seventeenth centuries brought

the great anatomists, an Eustachius. a Fallopia, a Vesalius, who, with

knife and scissors, opened for us a glimpse into the numerous organs

of the human body, biology in the nineteenth centui}"^ has achieved its

greatest victory in the province of microscopic anatomy. Equipped

with the compound microscope, that wonderful instrument which emi-

nent opticians have brought to the highest degree of efhcienc}^, the

anatomists were now in a position to discover a new and previously

unsuspected world of life.

I believe, without hesitation, that I must indicate as one of the great-

est acquisitions of biology during the nineteenth century the discovery

that plants and animals are built up of cells, or, speaking in general

terms, of innumerable minute elementary organisms. By the joint

labors of famous biologists—I will name only Purkinje, vSchleiden and

Schwann, Hugo von Mohl, Niigeli, Remak, KoUiker and Virchow,

Briicke, Cohn, and Max Schultze—our knowledge of the organization of

living substance has been infinitely broadened and deepened. Anatomy
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and physiology have received a solid foundation in the theory of cells
and of protoplasm, just as chemistry has in the doctrine of atoms and
molecules.

A series of very important ideas has arisen with the cell theory. If
plants and animals represent in a certain way colonies or states of
socially connected elementary living beings, vital processes are nothing
more than highly complicated resultants of numerous elementary proc-
esses which are performed in the cells. Thus it was suggested to draw
parallels and to institute instructive comparisons, on the one hand,
between the individual members of a human state and the adjustments
which a state necessitates, and, on the other hand, between the structure

and the life of the vegetable and animal body. The law of the division

of labor and of differentiation, which in human society causes separa-

tion into special professional classes and the immense diversity of social

employments, was rightly, adduced by Milne-Edwards, by Spencer,

and by many others to illustrate the building up of the vegetable and
animal body from its organs and tissues. With Lionel Beale and Max
Schultze we learned to distinguish in histology between a formative

substance, the protoplasm of the cells, and the product of their forma-

tion or work, and recognized that the various cells as the}^ assumed in

the service of the whole organism different functions or work, accord-

ing to time and place and their relations to one another, became corre-

spondingh^ diversified in their intimate structure, and that in this way
the various tissues and organs came into existence.

The scientific elaboration of the theory of cells and tissues has occu-

pied many naturalists for several generations, and they have erected

the stately palace of the microscopic anatom}' of plants and animals.

Yet even here man}- important questions await solution, especially that

of the finer structure of the cell-nucleus and of protoplasm, and the

question of the microscopic structure of the nervous system and of

the organs of sense, concerning which almost every 3'ear still brings

us new investigations and new discoveries, sometimes of great

importance.

With the aid of the compound microscope biological research has

in the passing century opened to our inspection a second new and sov-

ereign world of life, the world of the simplest unicellular organisms,

which were introduced into classification by many investigators as

an intermediate kingdom between plants and animals—the protista.

Great was the wonder, in the middle of our century, when Ehrenberg

discovered that whole geological formations originate from (erdschich-

ten) very minute organisms, often hardly visible to the naked eye,

which grow in fresh water and in the sea in immense numbers. For

when, at death, their soft protoplasmal bodies decompose, their hard

shells and skeletons of carbonate of lime or of silica still remain, and

sinking by their weight to the bottom produce, in thousands of years,

SM 1900 33
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in spite of their small size, yot in viituc of their ineoneeivalile multi-

tude, strata many meters thick. The chalk clitis on the coasts of

Riigfen and of Enofland arc huilt up of the remains of foraminifera;

many islands in the South Sea. of the wonderful siliceous framework

of radiolaria. and strata, such as the diatomaceous eai-th of Bilina, of

the siliceous shells of diatoms.

But still more important than these highly interesting' facts for our

gen«'ral knowledge of nature was a second series of discoveries which

I would place by the side of the cell theory as a sei-ond capital achieve-

ment of the century in the (le|)artment of ttioloo-y. Minute organisms

are recognized as the cause of widely distriltuted processes of putre-

faction, of fermentation, and of very numerous diseases of plants and

of animals. They an' unicellular alga-, fungi, l)acteria, and allied

micro-organisms.

Three great investigators have here been the])ioneers—in the botan-

ical depai'tment, de Bary, who laid the foundation for the study of

diseases of plants by the elaboration of suital)le methods of observa-

tion and ])rocesses of cultivation: in the bacteriological department,

Pasteui" and Kobert Koch. The great French investigator, equally

distinguished as a chemist and as a biologist, and particularly Robert

Koch, have by their experimental methods—among which pure cul-

tures, artificial nutriment (Xiihrljoden), the gelatin processes, and

transfer by inoculation, stand at the head—attorded ways and means

which we nuist thank for an immense enrichment of our knowledge.

Again, in the short span of two or three decades, an extensive depart-

ment of science has been established—I mean bacteriology. For it is

the characteristic phenomenon of our age, with its greatly increased

interest in science, with its more perfect organization of expert work
(gelchsten arbeit), with its numerous scientific institutions, with its

enlightened and accelerated intercommunication of ideas by journals

and !)}• the daily press, that if a new mark is set up, and if the wa}- to

its attainment^—the scientific method—is found, then everywhere the

forces of work are roused to feverish activity as in no earlier time.

How quickly were the first abortive experiments followed by a knowl-

edge of microbes. The exciting agents of anthrax, of septicemia and

pyemia, of erysipelas, of typhus, of intermittent fever and of cholera,

of tuberculosis, of malaria, and of many other infectious diseases of

men and of animals, down to insects and worms, were discovered, and

their life histories studied.

It is a grand thing to enrich our stock of knowledge by new dis-

coveries; yet it may be not less important and serviceable to refute

and eliminate errors, and especially the errors which infest science

itself. The less men knew in the past of the vital process the more

ready they were to accept as an established fact the hypothesis of spon-

taneous generation (Urzeugung)—that is to say, the assumption that
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the simplest living beings take their origin direct from lifeless nature.
Just as in the eighteenth century intestinal worms and infusoria,
also formerly called infusion-animalcuhu (Aufgusstliierchen), were sup-
posed to arise by ^'equivocal generation." so at a later date bacteria
and allied microbes, because they seemed so very small and simple,
and so suddenly invaded liquids without anybody's knowing whence
they came, were supposed to be so formed. It was not one of the
smallest services which Pasteur rendered, that he irrefutably proved,
by scientific methods, that for microbes, too, the saying is fultilled,

" Omne vivum e vivo," life comes only from life. By Pasteur's experi-

ments we know that the germs of those organisms are everywhere
more or less abundantly distributed in water, air, and earth.

In the doctrine of cells, too, in its first form, the idea of spontaneous
generation made a pernicious nest, for, according to the view of

Scheiden and Schwann, new cells arise in the bodies of animals and

plants by a sort of crystallization from a nutritive solution, either

within or without mother cells. The truth that the increase takes

place solely b}- propagation by division was first made out by weari-

some labor by the admiral^le investigations of Mohl and Nageli, of

Remak, Kolliker, and Virchow, and many other students, and raised

to the rank of a universal biological law: "Omnis cellula e cellula."

It may be broadly said that, in spite of all the progress of science,

the chasm between living and lifeless nature, instead of graduall}'

closing up, has, on the contrary, become deeper and wider. More
thorough study, aided bj" philosophical intuition, teaches year l)v

3^ear more distincth^' that the cell, that elementary bed rock of living

nature, is far from being a peculiar chemical giant molecule, oi- living

albumen, and as such destined to become the subject of the chemistry

of the future. The cell is itself an organism, compounded from numer-

ous still smaller vital units. They are of various chemical composi-

tion, and are bound together through relations to the vital process of

the cells unknown to us. Here lies hidden a world of minute life for

the investigation of which the power of our microscopes and usual

methods of research fall short, but which, we will hope, a biology of

the future, with more perfect instruments and methods, may attain.

A beginning has been made by the elaboration of the method of

staining, which we may expect to be extraordinarily perfected and its

powers to be greatly increased. To this we must- add the insight

which the investigations of Butschli, Strasburger, Flemming. van

Beneden, and many others have aflorded of the facts (vorgang) of the

division of nuclei and cells. In karyokinesis we see how, at certain

times, minute parts in the cell of diverse chemical nature, such as cen-

trosomes, spindle filaments, chromosomes, nucleoles, and protoplasm

tracts are distinguishable, and how, impelled by enigmatical forces,
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they arrange themselves in a sequence of complicated figures, and so

distribute themselves to two "daughter" organisms.

But the most impressive argunuMit for the doctrine that the cell itself

uuist, in its turn, be a highly complex organism is, above all, the part

it plays in the developmental process of higher plants and animals,

for the cells of co;g and seed, as Niigi'li has explained in a philosoph-

ical manner, are the vehicles of the luunberless properties by which the

different species of organisms are distinguished. They therefore

consist of hereditary masses or idioplasm, which, in order to include

the inherited properties which are destined to become manifest in

growth, must be a highly organized l)od3'.

With this, 1 come to the third great adA'ance which biology has

effected in the nineteenth century. More than previous ages, our cen-

tury has been dominated by the idea of development. It has made
itself felt as a working leaven in many departments of knowledge, phi-

losophy, history, philology, sociology, and geology, but nowhere more
than in biolog}'. Yet the living organism is the only natural object

which puts before our eyes, in a short space of time, a complete cycle

of development, from the fecundated egg to the perfect creation again

productive of new life.

On closer examination the question of the development of the

organism embraces two different (juestions: First, that of the develop-

ment of the individual—that is, the cycle of phenomena through which

it rims, starting from the egg until its natural death; and, secondly,

the ([ucstion as to how so extraordinarily complicated a product as we
have found the vegetable or animal organism to be arose in a natural

way in the course of the earth's histor3^ Ontogeny and phylogeny,

to avail ourselves of a pair of terms introduced l)y Haeckel, are the

two fields of research into which the doctrine of development of

organisms is divided.

Ontogeny alone is subject to direct scientific investigation. Frorc

the fertilized egg on it is possible, by the choice of suitable plants and

animals, to follow their development step by step from one stage to

the next. Here again the microscope has been the instrument with

the help of which we have i>enetrated deeply into ontogeny and have

set forth the universal laws of formation. Since the days of Pander

and Carl Ernst von Baer, who has been called the " father of the his-

tory of development" on account of his immortal services, thanks to

a great roll of German, French, English, Russian, and Italian embry-

ologists, there has been erected a comprehensive, excellent, lordly,

well-joined, S3\stematic history of development. In details many proc-

esses have yet. to be examined more nicely; but, on the whole, the

essence of individual development has been explained upon its mor-

phological side, and we have a right to be proud of the insight into it

which we have gained, especially when we recall how the greatest men
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of science and philosophers of former centuries—Haller, Leibnitz,
Cuvier—were wrecked on the problem of development; how they stood
impotent before it with their methods of research.

That every animal, man included, is at the l)eginning of his life tem-
porarily a single cell; that this cell multiplies by frequently repeated
divisions; that the cells arrange themselves into germinal layei-s from
which again the single organs take their origin, and that it is by
the association of the cell communities, as they multiply, after many
metamorphoses, that the perfect creature is formed, are facts of the

correctness of which everybody can easily convince himself. They
are secure, permanent acquisitions of science.

With the second question, on the other hand, we pass to the sphere

of hypothesis. How did the organisms that are living to-day arise in

the course of the earth's history? Certainly an investigator well

schooled in philosophy will consider it to be a universal truth that the

organisms which to-day people the earth did not in bygone geological

ages exist in their present forms, but they, too, must have gone through

a process of development, beginning with the simplest forms, which

Haeckel has distinguished from the ontoganetical process by terming it

phylogenetical. The investigator will come to this conclusion by con-

necting different departments of biology. He will especially rely

upon the facts of individual development, which actually teach a

becoming of the complicated from the simpler. He will further

appeal to comparative anatomy, upon that philosophical science whose

erection has been brought in our century to high perfection by Cuvier

and Meckel, by Johannes Midler and Gegenbaur.

But try to fully portray in detail in what special form a species

of animals of our day lived in the hoary antiquity, and the ground of

experience vanishes beneath you, for of the innumerable milliards of

creatures which lived in former geological periods—periods whose

duration is estimated in millions of years—only scanty remains of

skeletons have in exceptional cases been preserved in a fossil con-

dition. Of course from them we can gather but a very incomplete

and hypothetical idea of the soft bodies to which they once belonged.

Furthermore, it remains in every case undecided whether the descend-

ants of the ancient creature whose sparse remains we study did not

die out altogether, so that he can not be claimed as the ancestor of any

living form whatever.

Twice in our century has the question of descent deeply stirred

both scientists and laymen and injected a powerful ferment into the

world of ideas. Brightly shine down upon us from history the oppo-

site names of Lamarck and Darwin. Lamarck, the great French

zoologist, wrote at the beginning of our century, at the tinie of the

German and French philosophy of nature, his famous Philosophic

Zoologique, a monument of freer philosophical consideration of the
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world of organisms. In 1859 Charles Darwin published his epoch-

makino- work upon the orig-in of species, a work distinguished for the

collection and sifting of a great and previously little-notici'd mass of

facts, and by being crammed with important new points of view. In

particular much light was thrown by Darwin upon the relations of

organisms to one another and to environing nature, ji sul)i(>ct which

had prc\ iously l)cen neglected and even now is little understood,

notwithstanding the ])artial insight into it which that great genius has

ati'ordcd.

More fortunate than his forerunner, whose merit was only tirst

recognized l)y posterity. Darwin saw his doctrine fall upon ])etter pre-

pared soil, so that it j)roduccd a scientific moviMuent sustained by

enthusiasm and adopting his luimc. Darwinism. He had the good luck

to be supi)lcmcnted by a powerful advocate, IIaeck«d, who in knowl-

edge^ of anatomy and of the history of <le\ ('lo])ment far sui'passed him.

Men now ))elieved that the secret of how new organic species arise

was at last out; that the riddle of the "true causes of forms" had been

guessed, and that the theory of selection furnished the elucidation of

the theory of descent. ''Struggle for existence," '"'survival of the

tittest," "natural selection," were the fornuda' 1)V which the organic

empire was to be laid open. Adherents and (opponents to the nmv

doctrine appeared. Hither and thither waged the battle with a

vehemence which scientific hypotheses seldom inspire. Darwinists,

UltradarW'inists, Antidarwinists, Neodarwinists, Haeckelians, and

Weismannists mingled in the fray. Weismann, going beyond Dar-

win, pu))lished The Omnipotence of Natural Selection; Herbert

Spencer hurled at him with The Inadequac}' of Natural Selection.

This sort of thing is comprehensible in politics, but how shall we
explain such a remarkable turmoil about a scicHitific question? It

seems to me that not the least of the reasons was that the formulae of

explanation, "struggle for existence," "survival of the fittest,"

"selection," are very vague expressions, which only gain scientific

value b}^ the mode in which they are applied in the concrete cas(\

Why has the term "struggle for existence" not been brought down to

application? It has become a standing and favorite form of words in

writings upon national economy' and politics: and there it is excusable.

But it l)egins to be less so when, at the Darwinian ilood tide, Du Prel

would use it as a formula to explain the motions of the heavenly

bodies. With too general terms single cases can not be explained, or

a mere shadow of an explanation is given, while the true causal connec-

tion remains as much in the dark as before. Now, the problem of sci-

entific research is to make out the precise cause of an observed effect,

or, more corrects, since nothing happens from a single cause, its dif-

ferent causes.

But surely the origin of the organic world by natural causes is an

extraordinarily intricate and difficult pro1)lem. It is as little to be
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solved l)y amaoieal formula as all diseases are to be cured by one med-
icine. While Weismann was announcing- the "omnipotence of nat-
ural selection," he saw himself forced to the confession, "We can
usually not prove that any given adaptation is due to natural selection."
Now, this is as uuich as to say: In truth, we know nothing about the
complex of causes;^ which has produced the particular phenomenon.
''Inadequacy of natural selection" therefore opposes itself, with
Spencer.

In this scientific strife with which our century closes, the doctrine
of development is to be distinguished from the selection theory. The
two stand upon very different ground. For we may say, with Huxley,
"If the Darwinian hypothesis were swept away, evolution would still

stand where it was." In it we possess a permanent acquisition of our
century; one of its greatest, and resting upon facts.

With the discussion of the doctrine of development and the theory
of selection, we have already made a step into the realm of physiology.

But every division of a science into special departments, including that

of biology into anatomy and physiology, is artificial and scarcely

capa])le of hemg strictlv carried out. The construction and the action

of a part, or its structure and its function, arc intimately connected;

so much so, indeed, that neither can truly be understood without

studying the other.

Observation alone will afi'ord a verj^ insufiicient insight into the

mode of working of a particular organ, and in many cases none at all.

In order to obtain an ansAver to the question. What is an organ for (was

leistet ein organ) ? the ph^'siologist has to avail himself of the most

various aids, by Avhich alone he can draw any conclusion from what he

has observed; and what the microscope is for the anatomist, that for

the physiologist is systematical!}^ conducted experimentation, scientific

investigation of vegetable and animal organisms.

By phytophysiological experiments, Sachs, Pfeffer. and many other

trained experimenters have enlightened us concerning the geoti-opism

and heliotropism of plants, concerning phototaxis, chemotaxis, and sim-

ilar interesting phenomena. Especially experimental physiology has

established in how high a measure plants in all their functions, even

in their formation, are dependent upon external factors.

Animal experiments can be conducted in various ways. Against

one kind, termed vivisection, which involves slighter or more severe

surgical operations, an obstinate campaign has been conducted in gen-

eral society, and here and there not without some success. It is surely

an ill-placed sensibility. For what should all the suffering that the

investigator inflicts upon the animal world, and which he takes pains

humanely to reduce to a minimum by chloroform and morphine, sig-

nify in comparison with the infinitely greater and more numerous ben-

efits suffering humanity enjoys from the medicinal art, which the

animal experiment and the knowledge gained by it brings to greater
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effectiveness^ Or what should the victims of science, so trifling in

number, signify in compurison with the numberless and much more

grievous sufferings which in the unalterable order of nature one animal

often inflicts upon another, it may be in bestial cruelty, or in com-

parison with the pain Avhich the human race endures from accidents

and diseases of all kinds, or which men inflict upon one another in

nmi'dci-ous wars?

People ought rather to be thankful that by experiments upon

animals physiology has in the nineteenth century most successfully

increased the the treasure of our knowlcMlge. The section and excita-

tion of the spinal roots brought us Hell's theorem. In the same way
the physiology of the most various peripheral nerves was brought into

existence, including that most importiuit of all this series of doctrines,

that of the action oi the vagus nerves. Johannes Miiller established the

law of the the specific energy of the nerves of sense. Partial sections

of the spinal cord and the study of the heightened and lowered degen-

eration thereby produced enabled us to get a view of the different

nervous paths of conduction. Acute experimenters even succeeded in

penetrating into the secrets of the functions of the brain b}'^ localized

lesions, by removal or other destruction of particular parts of the

brain, and in discovering in the spinal marrow a special center of

breathing and vascular control, in particular places of the cortex, here

a center of language, there a seeing tract, a hearing tract, or a feeling

tract, etc.

Experiments upon animals have put many other departments of

physiology within reach of the scientific understanding. The cele-

brated Harvey's doctrine w^as refined to a mechanics of the circulation

of the blood when the velocity of the current, as well as its pressure

in different parts of the system of tubes, had been accurately measured

b}- ingenious devices. The study of the physiology of digestion and

of metabolism was well begun Ity making fistulas into the stomach

and intestines or by otherwise ol)taining juices of the different glands,

and these, once obtained, were made the subjects of further experi-

ments to discover their functions in the process of digestion.

A still greater blessing for mankind has come from experiments

upon animals in two other directions, which in the nineteenth century

have been systematicall}^ prosecuted and which are intimately con-

nected with practical medicine, but do not require vivisection. One
direction is that of the study of the effects of chemical bodies upon the

organism into which they are absorbed. The investigator ought first

to ascertain by numerous sj^stematically conducted experiments upon
animals what effects in every part of the system chloroform and ether,

morphine, cocaine, antipyrine, or powerful poisons such as atropin,

belladonna, strychnine, curare, and numerous other chemicals which

chemical manufacturers are throwing in constantly increasing profu-
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sion upon the market, produce in stronger and in weaker doses before
he studies their application as medicines for this or that diseased con-
dition of man.

Our materia medica has been greatly enriched in this way during
the last half century, and the increase goes on yearly. T will liere
call to mind the new processes of cure first tested"upon animals which
are acquisitions of the latest dates: Koch\s tul)erculin, the diphtheria
serum of Behring and Ehrlich, and the other different kinds of serum
that have been proposed against lockjaw. th(> plague, and many dis-
eases of animals, as well as Pasteur's peculiar nicthod of treatment of
hydrophobia.

In the second direction I mentioned I have in mind the study of
that great host of maladies evoked by the invasion into the animal
system of alien parasitic organisms as excitants of disease. Experi-
ments upon animals have alone rendered possible that great triumphal
march which the biological research of our century has traveled over,

discovery treading on the heels of discovery. In order to acquaint
themselves with the essence of the trichina disease, Leuckart and
Virchow caused trichinous meat to be consumed by man}^ animals

selected for experiment, and in that way gained a knowledge of the

history of development of the trichina and the mode in which, by its

introduction into the body of the infected animal, it produces the

different stages of the process of disease. Davaine and Koch cleared

up the nature of anthrax by inoculating a healthy, susceptible animal

with a tiny drop of blood from an animal suffering from anthrax, and

in this simple way infected it so as to establish the development of

the anthrax bacillus in all stages. The investigator pursues the same

method in all cases, with erysipelas and septicemia, typhus, cholera,

the plague, tuberculosis, malaria, and, in a word, all the infectioas

diseases which are produced by the lowest fungi, bacteria, sporozoa,

and other kinds of parasites.

But the modern physiologist contemplates with yet greater pride

than that which the results of those animal experiments awaken, the

extraordinarj^ success which his science has achieved in our century in

two other great fields, those of biochemistry and biophysics.

Under the rule of the vitalistic doctrine the scientific doctrine rife

at the beginning of our century was that the organic sul)stances of

which the bodies of plants and' animals arc built could only be pro-

duced by the peculiar vital forces of these organisms, so that destiny

refused to the chemist the power of imitating any such substances by

his insuflicient methods.

One brilliant discovery by Wohler at length shattered the vitalistic

error, for he succeeded in producing artificially in his laboratory one

of the peculiar products of the vital process of animals, namely, urea.

Soon, in the rapid progress upon Avhich organic chemistry now entered,
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the like was aeconiplishi^d in many other cases, until now the auda-

cious hope can be cherished that some da}^ chemistry may peihaps

even pei-form the synthesis of albumen, the most complex of all

organic substances. Chemistry has, however, progi-essed furthei" in the

analysis than in the synthesis of these organic l)odies from whi('h the

cells, tissues, and juices of plants and animals are built, having ana-

lytically investigated the carbohydrates, fats, alVjuminous bodies, and

their numberless derivatives and products of decomposition. Thus

has a i)liysi()l()gical chemistry gradually been developed—a science rich

in results, from which still more weighty disclosures are awaited in the

future.

The chemical processes upon th(^ normal course of which life depends

were iiatui-ally in great measure opened up to us l)v the increased

knowledge of organic su))stan<'es. PHiiger's invention of the mercu-

rial gas pump and other important apparatus and the improvement of

chemico-physiological methods generally imparted a powerful upward
impulse to the physiology of respiration, of the formation of l)lood,

of assimilation and secretion: while extensive and laborious experi-

mental investigations l)y Claude Bernard, Pettenkofer and Voit, Lud-

wig, PHiiger. IleidcMihain, and many others successfully elucidatinl the

digestion of all)uniinous bodies, fats, and carl)ohydrates and the func-

tions performed ])y the salivary glands, stomach, ii\-er, and panci-eas.

Sinndtaneoiisly with trium])hantly raising its head in the chemical

direction, physiologv did tlu' same thing in the physical direction. In

its contest with vitalism, which held to the assumption of special vital

forces as needed for the explanation of life, thus erecting a rigid party

wall between the inorganic world and the empire of life, the highest

principle of physiology came to be that organisms are subject to the

universal laws of nature. Its guiding star was the law of the con-

servation of force, which was established by Robert Ma3'er and Helm-

holtz; while the highest goal of its research was the introduction of

physico-mathematical methods into physiology, by which it should

become possible, by the methods of weighing, measuring, and count-

ing, to penetrate the essence of the vital process and to render exact

account of the diiierent modes of energy which are distinguished as

mechanical, chemical, thermic, and electric.

Then broke the dawn of that glorious day when ph^'siolog}" was
enriched by apparatus of the most varied description and instruments

invented with great ingenuity. B3' means of the cymograph and the

myograph it succeeded in exhibiting to the eye upon the smoked plate

and in measuring with the greatest exactitude the minutest features of

motions of living organs, of the wall of the heart and those of the

blood vessels, as well as the motions of the muscles. Galvanometer,

rheostat, and slide-induction apparatus, tangent galvanometer, became

common in the armamentarium of every physiological institute in

order that the electrical phenomena of muscular action and the
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velocity of nervous transmission might be investigated. The ophthal-
moscope of Helmholtz and the laiyjig-oscope of Czemiak (Mia))Ied the
investigator to aid practical medicine by giant strides into the view of
the interior of two important organs.

The improvement of the instrumental equipment of physiology has
continued without cessation to the end of the century. Every new
ac(iuisition of physics is immediately made available to physiology
and medicine. Thus the physician is already, inmiediately after ROnt-
gen\s epoch-making discovery, in condition to ])ring into clear view
upon the photograj^ihic plate, by suitable application of the so-called

X-rays, parts hidden in the depths of the human body and absolutely

invisible to the eye, such as single sections of the skeleton.

So pioneer investigations of physiologists trained in physics—

a

Helmholtz and a Du Bois-Reymond, a Fechner, Weber, Ludwig,
Briicke, and Pfliiger—as upon another occasion I have in a few Avords

summarily remarked, have in our century '"created a special physics

of the nerves and muscles, a physics of the organs of sense, a

mechanics of the skeleton and organs of locomotion, a mechanics of

respiration and circulation."

"The eye was explained as a camera obscura arranged according to

the laws of optics; the ear as a physical apparatus arranged to bring

the nerves to the perception of acoustic vibrations by means of suit-

able organic structures, vibrating membranes and rods, which, like

the wires of a pianoforte, are tuned to the different notes. The larjnix

became«a reed pipe, adapted to the production of tones in vibrations,

the lungs serving as the bellows. The laws of filtration and osmosis

were adduced for the explanation of absorption and secretion. By a

composition of intricate apparatus called a calorimeter the physiologist

now determined the amount of heat reckoned in calories produced in

the course of a day by an animal body, and undertook the difficult task

of striking a balance sheet of the animal transformation of energy, the

animal body being debtor to nutriment of different kinds in so many

calories of energy, while upon the credit side were suiuiiicd up the

amounts of energy which the body had given in the form of iicat pro-

duced or mechanical work, and which are alisorbcd in the processes of

metal )olisjn."

In the face of the great triumi^hs which physiological science cele-

brated by the introduction of chemical and physical nietliods. the

majority of investigators became accustomed to the view, to which

they were led, too, by the brilliant exposition of it by Du Bois-Rey-

mond, that physiology, imagined as complete, is nothing else than bio-

physics and biochemistry, and that it has no just pretension to rank as

a true science, except so far as it is an application of chemistry and

physics, d3mamics and mathematics.

From the extreme of a '-shallow vitalism," a^ Du Bois-Reymond

called it, physiologists mostly went to the opposite extreme of a deso-
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late mechanism, and believed in the explanation of life as a purely

chemo-ph3'sical process.

The iirst consequence was that physiologists in the regular line of

the profession, with few exceptions, cultivated, l)v preference, only

such fields as were adapted to chemo-physical methods of research,

and left others, such as the physiology of development and gener-

ation, altogether untilled. But anatomists, zoologists, and botanists

only insisted upon them so much the more. They penetrated deeper

into the vital phenomena of the cell, of ])rotoi)lasni. and of the

nucleus. They discovered the wonderfully^ complicated process of

the division of the mideus, the spindle with its ray figures, and

the centrosomes, the chrt)mosomes, and their longitudinal segmen-

tation, and finally they solved the old controversy which had once

divided physiologists into the two camps of the animalculists and the

ovists, for now the secret process of f«'rtilization was hap})ily settled

in all its phases by simple microscopical observation. The penetration

of a spermatozoon into an ogg cell, the coalescence of the egg nucleus

and the sperm luicleus were successfully and directly observed. They
deepened the comprehension of the entire process by the discovery

that egg and sperm cells nuist l)e prepared, in some sort, for the fruc-

tification, by the reduction or expulsion of half the matter of their

nucleus, and finally, supported by these and other facts, they ventured

to lay the foundation for the problem of heredity by the hypothesis

that in the matter of the nucleus the vehicles of inherited characters

are found.

So l)y the side of the chemo-physical school of j^hysiology an anatomo-

biological bias gained strength. This endeavored to deepen our inspec-

tion of life by microscopical research. But the anatomo-biological

bias, the more it enforces itself (sich geltung verschafft) by its investi-

gation of the organization of the substratum of life, will the more lead

to the insight that the mechanical standpoint in biology is just as one-

sided as the vitalistic. Truly one of the chief champions of the mech-

anistic doctrine—Du Bois-Reymond—has himself applied the critical

probe to it and, in principle, has recognized its insufficiency. In his

address upon the limits of the knowledge of nature he has set up two

insoluble interrogation marks, which later, in his seven world riddles,

he has increased to seven, and, really, 1 do not know why he should

have restricted himself to so modest a number. Du Bois-Reymond

characterizes the impossibility on the one hand of conceiving the

essence of matter and force, and on the other hand of explaining even

the lowest degree of consciousness mechanically, as a trite truth, and

saA'S that it is an old experience, which no discover}^ of natural science

has in the least modified, that one equally fails whether one adopts the

theory of atomism, of dj^namism, or the opinion of plenum.

Du Bois-Re^^mond, it is true, has not himself drawn the conclusion

which necessaril}' follows from this. But the conclusion which in the
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biology of the new century will victoriously break its way is that
the mechanistic dogma that life, with all its complex phenomena, is

nothing- at all but a chemo-physical problem is as groundless as vital-

ism; groundless, at least, so long as one does not understand by physics
and chemistry sciences of quite other nature than those which in their

purport and their scope from the point of view of their historical

development now present themselves. For, as I remarked upon
another occasion, "If the problem of the chemist is to investigate the

numberless combinations of different kinds of atoms to form molecules,

he can, in strictness, not touch upon the problem of life, for this

begins where his inquiry ends. Over the structure of the chemical

molecule rises the structure of the living su])stance as a broader and
higher kind of organization. Over the structure of the cell rises again

the structure of plants and animals, which exhibit the yet more com-
plicated, elaborate combinations of millions and milliards of cells coor-

dinated and differentiated in the most extremely various wa3^s."

What has chemical science, as it now is, to do with this entireh^ new
world of organizations of matter, upon Avhich the first manifestations

of life depend ? If the chemist wishes to set himself to the task of

investigating these, the first thing he has to do is to become a biologist,

and especially a morphologist. But then his methods and his aim must

be very different from what they are, and far more comprehensive.

As for physics, it stands in precisely the same relation to biology

that chemistry does. At present the physiological [physical^] school

commonly argues with Du Bois-Reymond thus: In the living being, in

the cell, no other forces are efficient than those which the atoms of the

cell—carbon, hydrogen, oxygen, nitrogen, phosphorus, etc.—have dis-

played outside of the cell. "A particle of iron is and remains the very

same sort of thing whether it flies through the solar system (Weltkreis)

in the meteorite or dashes along upon the rim of the locomotive wheel

or trickles in a blood cell through the temples of a bard. As little as

in the mechanism of the human hand is there in the last case anything

added to the properties of the particle or anything subtracted from

them. Those properties are eternal. They are inalienable, untrans-

ferable." "But if the atoms have developed no new forces, every-

thing of the physico-chemical kind will happen in the cell precisely as

it would in a test tube."

That is the way the argument runs for the standpoint of '• every-

thing in the world is chemistry and physics." But our reply is that

the word "atom" is merely a fiction useful for science in its present

condition; that we know nothing of the sum of the properties and

forces in an "atom in itself," and still less how from the properties

and forces of different kinds of atoms we are to pass to the properties

and forces of their compounds. That from the properties of carbon,

combined with those of oxygen, hydrogen, nitrogen, etc.. in certam

proportions, albumen must result, is a fact as inconceivable m its
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essence as that from different albuniinous ])odies with special oroani-

zation will come a living cell.

We therefore prefer, in the question which is occupying us, to leave

out both the concept of an atom and also the extraordinarily diificult

cx)ncept of a force of which so nuich misuse is made, and to i-onfine

ourselves to that by which alone a force can be known; that is to say,

to its effects. But in reference to these I think and may assert the

same thing as in reference to the organization of matter.

Just as by the joining togethi'r of atoms to make molecules, of the

molccidrs to make the higher material units of th(» living cells, of liv-

ing cells to make })lants and animals, ever new, more numerous, and

higher forms of organizations are created, so it is with the effects

which proceed from them. With ever^^ one of the endless stages and

forms of oi'ganization new modes of action are produced; and when
the in\'estigator (-(jmes to plants and animals he has to do with an

entirely new world of unconmioiily manifold effects, which do not

occur in lifeless nature and which can not occur there, since the re(}ui-

site organization is wanting. I will instance only the preservation of

the species by growth and rej)roduction. metabolism, the different

kinds of irritability, phototaxis, ehemotaxis, geotropism, etc., con-

sciousiu^ss, faculties of sense and thought, and, linally, all the different

effects which single parts of cells exert upon each other, cell upon

cell, organ upon organ, animals and pliints uj)on one another.

Is it the business of the physicist to concei'n himself with effects of

every kind which proceed from all the possible bodies in the world?

Certainly not. As the chemist concerns himself oidy with the sim-

plest organization of matter, the chemical, but not with biological com-

l)inations, so the physicist, as a man of the science as it has historically

grown to be, concei'ns himself only with a certain class of effects,

w^hich may be called the elementary ones—a class of effects, in itself

considered, extraordinarily large, yet, in comparison with all the modes

of action in the world, very small. Should the physicist not choose to

impose this limitation upon himself, he would be obliged to unite in

one person the labor of the ph}' siologist and psychologist, the sociolo-

gist and historian, and whatever other study there may be.

Finally, let it be remarked that the current opinion that the investi-

gation of life is nothing but a chemo-ph^'sical problem, and that

everything in the world is physics and chemistry, is commonh' con-

nected with a gross overvaluation of chemo-ph3'sical science. It seems

to be forgotten that this science, like everything human, is but a work
of detail (ein Stiickwerk), and at every point jostles against limits of

natural knowledge which, for the time being, seem to be insuperable,

and that chemistr}^ and physics in this regard have no advantage over

biology.

Nageli well said, in 1877, in his address before the Munich congress

upon the "Limits of the knowledge of the natural sciences," that
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''Nature in her .simpler inorganic phenomena presented the .same dif-

iicultie.s for research as in the question of the occurrence of sensation
and consciousness from material causes/'

The simpler is by no means alwaj-s the best known, and, indeed, the
ordinary course of science is that from the study of the more complex
we come to be acquainted with the simpler. In chemistry, analysis,

for the most part, precedes synthesis. We have learned what a won-
derful sort of element carbon is by having found analytically that it is

the base of the carbohydrates, fats, albumens, and now develops in

them properties which certainly nobody would have suspected in

advance of the carbon in a piece of anthracite. What part the albu-

minous bodies play in the vital process we know, not by the chemical

study of albumen, which can teach us nothing at all about it, but by
the study of vegetable and animal cells. Thus science is built not

merely from below upward, but quite as much, or even more, from
above downward; there penetrating from the simple to the more com-
pound, here from the compound to the simpler.

We have referred above to this s^dlogism: '"If the atoms develop

no other forces in the cell than what they have outside of it, then every-

thing of a chemo-physical kind that happens in the cell takes place as

it would in a test tube." In the same way and with equal justice we
can contrapose this syllogism and so get something like the following:

Man feels, remembers, and is conscious; he thinks and builds a world

of thought. Since, now, man consists of cells, cells of molecules of

albumen, and these, again, of atoms; since every higher stage of oi-gan-

ization is naturally developed from the stage next below it, and since the

conservation of energy allows no room for Thought to be introduced

at any step of the process, it follows that the cell, the molecide, and

the atom must feel, remember, be conscious, and think, each after its

kind.

Indeed, just such views have already been put forth: and according

to them, upon the most important questions, not only of the doctrine

of cells but of chemistry and physics, the psychologist would lia\e to

be consulted for information.

But by such general reasonings, whether of the progressive or the

regressive variety, which leave the solid eai-th of natural science to

float, as it were, in the air, the man of science can reach no useful

result. He ought to avoid them ])oth.

The physicist and chemist refuse to recognize atoms that feel, have

memory, or think, because they perceive no sign of such properties

and their methods can not detect them. With the same justice the

biologist must enter a protest against his science being regarded from

the restricted standpoint of the chemist and physicist, since its prob-

lems and methods for the most part are quite of another sort (ganz

anders geartete). and are at any rate much more comprehensive and

are not near to being exhausted by physics and chemistry.
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The man of science, in order to make his researches successful, must

limit them to a small part of the innueasurable world problem, quite

in contrast with the philosopher. Is it, then, any part of his task to set

forth a general conception of the world (die Welt begreiflich erschei-

nen zu lassen) according to a formula ? Is not the best notion for him

to entertain that the world is capable of being investigated, ])ut that

for us, children of the present, the empire of the uninvestigated and

of the obscure is a thousandfold greater than the empire of the inves-

tigated, of that which has already entered into our science and into

human recognition?

The man of science, guided by such considerations, will l)e conscious

that the explanation of the world as a mechanism of jostling atoms

rests upon nothing but a fiction, which may ))e useful for exhibiting

many relations, but yet does not correspond to the truth. So that

world, deprived of properties, supposed l)y Laplace, who saw in the

world process nothing but effects of atoms whirling past one another,

together with a single groat sum in arithmetic to be done by knowing

the Avorld rule, will seem to the man of science to ])e, in comparison

with the real world, which speaks to him Avith its infinite properties

through all his senses, as a nugatory shadow pictui'e, comparal^le

with those shades in the under world that, like fog, eluded the arm

of Ulysses when he tried to seize them.

The scientific man who listens to reason will assent to the proposi-

tions in which Carl Ernst von Baer brieflv, pertinently, and beautifully

described the essence of science: " Science," said he, "is, in its source,

eternal; in its operation, not limited l)y time and space; in its scope,

immeasureable; in its problem, endless; in its goal, unattainable."

This last is particularly true of biology, the science of life. Its

problem is of the most difficult. Its field extends in all directions,

having the closest relations to all sorts of other sciences. In one direc-

tion, supported by chemistr}^ and physics, it becomes biochemistry and

biophysics. In a contrary direction it forms a connection with the

psychical sciences, which relate to mere human nature, with psychol-

ogy and sociology, with ethics and religion. By it the material and

spiritual worlds are placed in connection. And so biology, in the newly

dawning century, if its cultivators, free from dogmatic fetters of every

kind, shall continue to convert the empire of the uninvestigated into

the empire of human knowledge, will be summoned to cooperate, in an

eminent way, in the inward civilization of the human race, elevating

it to a higher stage, not only of intellectual insight, but also of social

and moral conduct. It will so help to bring on the time when the won-

derful progress which the nineteenth century has brought in the chemo-

phj^sical field b}' the expert master}^ over the forces of nature shall

first bring to coming generations its full blessing.
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Man}?- have been the attempts to recall the life of the pa.st and set

before us the living semblance of the animals that long- ago walked on

the face of the earth; and, while some of these reconstructions, such as

those that disport themselves through the columns of the Sunday
papers, have been literally creatures of the imagination, others, like

those prepared under the direction of Professor Osborn, have been the

result of long and careful studies of scientific men. The attitude of

the public toward such restorations is varied; a few there be who
accept them with implicit faith in their fidelity to nature, while others

have as little confidence in the most careful reconstructions as in those

made to order for the sensational newspaper or to fit the description

of some weird stor}^ in a popular magazine. BetAveen these extremes

there is a golden mean. While we can not be certain that the best-made

models or drawings correctly represent the animals as they were, we

may be sure that they rest on a solid foundation of fact and do give a

fairly good idea of the creatures for which they were intended. At

the worst, they are infinitely better and vastly more correct than many

of the older pictures of then little-known animals based on imperfect

specimens, poor sketches, or highly colored descriptions of those who

had actually seen the animals they were supposed to represent. They

are even better and more true to nature than many figures drawn from

stufl'ed specimens to be found in text-books, or even scientific works

of the earlier part of the nineteenth century and, for aught the writer

knows, Richardson's figure of the pocket gopher with his pockets

turned inside out may still be doing duty.

It is but natural that we should desire to know how these strange

and mighty animals, upon which man never gazed, looked in life, and

this desire is ample justification for their restoration; and as material

has accumulated and our knowledge of extinct animals has increased,

it has become more and more possible to depict them with some degree

of accuracy.^
47V)
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The oft-asked question, How long ago did these animals live? is one
difficult to answer, the more that the discrepancy between the various

estimates that have been made as to the age of the earth or of various

portions of its crust are so great that they seem little more than mere
guesses. The shortest estimate, that by Professor Newcomb, is ten

million years; the longest, six billion. But, following the more con-

servative figures, we ma}^ say that the Dinosaurs (terrible lizards) lived

from fifteen million to six million vearsago, while since the beginning

of the Eocene, when the mammals began to gain the ascendency, some-

where between three million and four million five hundred thousand

3^ears have elapsed.

Cuvier was probably the first to make a restoration of an}^ extinct

animal that was more than a mere guess, as he was tiie first to place

such a restoration on the firm basis of scientific fact and deduction.

These restorations of Cuvier's. figured on plate 147 of the celebrated

"Ossemens Fossiles," were of several species of hoofed quadrupeds

whose remains were found in the quarries of Montmartre and to which
Cuvier had !q)plied the names of Anoplotherium (weaponless beast)^

and Pal;et)thcriuni (ancient beast). Since their publication they have

been, with occasional slight modifications, copied far and wide, and

to-dav even no well-considered text-))0()k of palaeontology is quite

complete without them, although, curiously enough, while the figures

are duly ascribed to Cuvier, no one seems to think it worth while to

give the exact reference to the time and place of their publication.'^

The deductions made by Cuvier from the bones of the Anoplother-

ium may serve as a good example of the manner in which the external

appearance of an animal may be inferred from its internal structure.

From the length of the tail and appearance of the bones of the feet he

supposed the animal to have been more or less aquatic in habit; and,

judging from its habit of swimming and diving, he went on to reason

that ''Anoplotherium would have the hair smooth like that of the

otter; perhaps its skin was even half naked. It is not likeh' that it

had long ears, which would be inconvenient in its aquatic life." But,

^Literally, the weaponless beast, having neither claws, horns, nor large canines;

and the ancient beast. Scientific men are often taken to task because so many ani-

mals have no common, or jiopular, names, the public forgetting that such can only

be applied to animals that are well or commonly known. The scientific name of

an animal is simply a tag or label attached to it by which it may be known, not

merely where English is spoken, but the world over, and that they are no more
difficult to understand or pronounce than so-called popular names is shown by the

fact that many of them, such as elephant, boa constrictor, rhinoceros, etc., have been

adopted as common names. Scientific names, it may be said, usually contain a ref-

erence to some character possessed by the animal to which they are applied.

^This reference is as follows: Kecherches sur les Ossemens Fossiles ou Ton retablit

les caracteres de plusieurs animaux dont les revolutions du globe ont detruit les

especes. Par Georges Cuvier. Atlas, Tome Premier, Planche 147. The reproduc-

tion herewith given is from the fourth edition, published in 1836.
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comments Mr. Hutchinson, was it really aquatic ? And this but hints

at the uncertainty attending the work of restoration, for some pecu-

liarities of structure may point more than one way or be subject to

more than one interpretation.

Thus the short-limbed, heavy-bodied carnivore Oxytena from our

western country was at first considered to have had habits like those

of an otter, while on a later review it has been thought to have been

as arboreal in its mode of life as a raccoon. And while, as a general

rule, aquatic animals or those of sluggish movements have solid bones,

yet the extinct toothed diver Hesperornis has hollow leg bones and so

does the huge Dinosaur Triceratops.

Cuvier's restorations were founded on his famous law of correlation.

Fig. l.-Cuvier's Restorations of Mammals from the Paris Basin. Reduced about one-half.

AnopMheriam commune. Anoplotherium gracite.

PalmotMHum minm. Palxotheriam magnum.

or the harmony to be found between various portions of the skeleton,

between these and their investing muscles, and between the entire ani-

mal and its mode of life. For example, the retractile claws of a cat

would not be found associated with the teeth of a ruminant, but with

teeth fitted for devouring flesh and, conversely, teeth adapted tor

cropping grass and chewing the cud would be found in company with

hoofs, while beasts that chew the cud and have cloven feet are the

only ones that have horns on the frontal bones, so that a horned car-

nivore would be out of the question.
_

These great generalizations are, in the main, true, but Cuvier was

dealing mostly with animals of a limited region, the Pans basin, and
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with types not strikingly different in structure from those that live

to-day. Had he come upon some of the forms which have subsequently

come to light he might well have been puzzled, for since the time of

Cuvier animals have been discovered in which claws like those of a

carnivore are combined with teeth fitted for a vegetable diet. Such a

one is the animal called Agriochoerus (plant eater), from the Miocene

of the^West. and so strikingly at variance are the parts of the skeleton

that. ha\'ing been found at ditferent times, the foreclaws were supposed

to be those of a carnivorous mammal and described under the name of

Me><onyii' (middle claw), the hind foot dubbed Artlanyx (straight claw),

under the supposition that the beast was related to the sloths, while

the skull with its herbivorous teeth bore the name of AgriochoeTus.

Not until the discoveiy of a fairly complete specimen in which the

various parts were associated was this snarl of names disentangled.

Still the occurrence of such forms are not precisely the exceptions that

prove the rule, but cx})ressions of the fact that the more recent ani-

mals ari' the more highly specialized or adapted for special modes of

life, be they devourers of flesh or feeders upon herbs. So as we go

back in the past we And the lines now shai'])ly drawn between groups

of animals fading out, forms appearing unlike an}^ now living, and

animals becoming more generalized, as it is termed, more like one

another in internal structure, less fitted for some particular mode of

life or kind of food, although some of these strange forms survived

until a comparatively late date. Consequently it is more difficult to

recognize the entire form and relations of the early animals from

their scattered bones than it is those of the later arrivals upon the

earth, and thus it has happened that some of the attempts at recon-

structing the earlier and stranger forms have, in the light of more

complete knowledge, been found to be very far from the truth.

In the Dinosaurs (terrible lizards), those great and ancient reptiles

that have been the l)asis of many and careful restorations, we have a

group of animals with which Cuvier was practicallj' unacquainted and

which in many ways differ from an}' other animals with which we are

familiar. How ditferent they are may be inferred from the fact that no

less an authority than Owen mistook the bones of the hip for those of

the shoulder of one of these creatures and so described and figured

them. And this is not to be held to his discredit, for at the time

almost nothing was known of the Dinosaurs, and while there is a pop-

ular belief that it is quite possible to reconstruct an entire animal from

one tooth or a single bone this is, unluckily, veiy^ far from the truth.

True, much may often be done with a bone or a tooth, but this is in

cases where these fragments are unmistakably like those of creatures

which we do know and with whose more or less complete structure we
are well acquainted.

Probably the earliest restorations to be given to the general public

(those of Cuvier having been published in a scientific work of limited
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circulation) were those b}^ Sir Henry Delabeche, shown on the frontis-

piece to the second series of Buckland\s Curiosities of Natural History,
depicting- a number of extinct animals, including Ichthyosaurs (fish

lizard) and Plesiosaurs (a reptile). This was the first attempt at restor-

ing these marine reptiles and it is to be noted that they are drawn
with round, pointed tails. A little later Owen, noticing that in every
skeleton of Ichthyosaur the terminal portion of the backbone was
bent at an angle to the rest of the vertebral column, inferred that the

tail was high and compressed, somewhat like that of a newt, and that

the bend was caused by the sagging over of the tail as decomposition

set in. So the next lot of restorations, including those made by Water-
house Hawkins for the Crystal Palace, showed these creatures with

flattened tails.

Years passed on and the famous deposits at Holzmaden, Wurtem-
berg, yielded up some beautifully preserved examples of Ichthyosaurs,

which definitelv settled the question of the shape of the tail, for; pic-

tured on the rock by the hand of Nature was a deep, forked, vertical

tail, not unlike that of some sharks in appearance, but with this strik-

ing structural difterence that while in the tail of sharks the backbone

is continued along the upper edge of the tail, in the fish-lizards the

bone runs along the lower edge; the bend in the vertebral column was

not a break at all. but a perfectly natural flexure. More than this,

the specimens showed the presence, hitherto unsuspected, of a high

back fin of whose existence there is no more trace in the skeleton than

there is in modern whales of the presence of a similar fin. Behind

the well-defined fin was a series of markings apparently indii-ating an

irregular crest like that borne by the European Triton during the

breeding season, and thus was Ichthyosaurus depicted in the next series

of restorations. But if the first pictures had shown too little, these,

on the other hand, showed too much, for subsequent study made it

evident that the irregular markings following the back fin were acci-

dental and formed no part of the reptile, and so the fourth and last

stage of the Ichthyosaur represents an animal clearly built for speed,

with a powerful, vertical tail, four paddles and a high back fin. The

Ichthyosaurus companion in the Liassic Sea, the Plesiosaur, has also

passed through various stages of reconstruction, first appearing with

a long neck thrown into graceful, swan-like curves, the long-accepted

version; next that of Dames, with a comparatively inflexible neck,

while somewhere between the two lies the truth. For it may be taken

for granted that any creature with a long, slender neck is capable of

bending this about in search of food, even though it may not be pos-

sible for him to throw it into a series of graceful sigmoid curves.

When, in 1852, the New Crystal Palace was erected at Sydenham,

England, it was resolved to hnxe as one of the features of the sur-

rounding grounds a group of restorations of extinct animals, and Mr.
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B. Waterhouse Hawkins was placed in charge of the undertaking. As
it was not intended that these figures should l)e approac^hed closeh'^

they were built on a gigantic scale and located on a small wooded islet

where they formed conspicuous features in the hmdscape. The size

of the figures ma}' })e inferred from the materials used in constructing

the Iguanodon, for these comprised four iron colunms 9 feet long and

7 inches in diameter, 600 bricks, 1,550 tiles, 38 l)arrels of cemcMit, and

90 ])arrels of broken stone, besides bar and hoop iron. But little

was known of the Dinosaurs at that time, and this dearth of informa-

tion. c(>u])led with the fact that ]\Ir. Hawkins was not deeply versed in

comparative anatomy, resulted in the making of some I'ather singular

animals. Megalosaurus (great lizard) and Iguanodon (Iguana-toothed)

were represented as huge lizards, walking on four massive lim])s, the

former with a head between that of a crocodile and a monitor, the

Fig. 2.—Specimen of Ichthyos«iur found at Holzmuden, showing the impression of the

(lorsal and caudal fins and restoration based on this specimen. After Fraas.

latter with one ver}' obviously patterned after that of an iguana, and

with the spike-like claw of the thumb placed on the tip of the nose.

Still we should not be too severe on Mr. Hawkins for, as we have seen,

Owen himself mistook the hip bones for the shoulder blade, and the

very boldness of the attempt and the scale on which it was carried out

deserve commendation. Granting even that these restorations were

very largely erroneous, the}' were the first to be brought conspicuously

before the public and served a good purpose in creating popular inter-

est in the stud}- of paleontology.

The most recent restorations are those prepared by Mr. Charles R.

Knight under the direction of Prof. Henry F. Osborn for the Ameri-

can Museum of Natural History, New York, and a few made by Mr.



Smithsonian Report, 1900,—Lucas.
Plate I.





Smithsonian Report, 1900.—Lucas. Plate II.

WATERHOUSE HAWKINS'S WORKROOM AT THE CRYSTAL PALACE.

Reduced from a picture in The Illustrated London News.
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Tylosaurus.

Drawn l.y J. M. Gleeson. By permission of tin
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Knight and Mr. Gleeson for illustrative purposes for the S. S. McClure
Company, two of which are, ])y the courtesy of the publishers, included

in this article. As an artist Mr. Knight has devoted himself to the

representation of animals, and these have all been prepared with the

greatest care and after a careful consideration of the skeletons of the

various animals represented and of their form and habits as deduced
from the skeleton. Hence the}' may be looked upon as giving as accurate

an idea as we can now form of the appearance of these extinct animals.

They well illustrate the importance of combining artistic ability with

anatomical knowledge and an acquaintance with the external appear-

ance of animals, as may be seen I)y comparing the plates of Tylosaurus

(ram lizard) and Cferatosaurus (nose-horned lizard), drawn by Mr. Glee-

son, with the plate of Cretaceous reptiles drawn under the direction of

Professor Cope. The marine reptile on the right of this plate is a

Mosasaur, the animal standing on the sand bank in the foreground is

Lajlaps, a Dinosaur related to if not identical with Ceratosaurus.

Professor Cope, who supervised the drawing of this plate, had anatom-

ical knowledge, but the artist who drew the figures neither understood

the animals he was endeavoring to represent nor had a good knowledge

of living animals.

Before passing to the restoration of the exterior of animals it may

be weir to say something of the manner in which the skeleton of an

extinct animal may be restored and the meaning of its various parts

interpreted; for the adjustment of the muscles is dependent on the

structure of the skeleton, and putting on the muscles means blocking

out the form, details of external appearance being supplied by the skin

and its accessories of hair, scales, or horns, things which luay or may

not have a direct relation to the underlying bones. For example, there

is nothing in the skeleton of the Indian rhinoceros to indicate that its

skin is put on in great folds, nor, so far as we can see, is there any

reason why they should be present in this species and lacking in all his

relations with which we are acquainted. Neither is there any internal

reason why the trunks of the African and Indian elephants should be

so different from one another as they are.

Let us suppose that we are dealing with one of the great reptiles

known as Triceratops (three-horn face),^ whose remains are among the

treasures of the National Museum, for the reconstruction of this big beast

may well illustrate not only the methods of the paleontologist, but also

the troubles bv which he is beset. Moreover this is not a purely imag-

inarv case, but one that is very real, for the skeleton of this animal,

which was reproduced in papier-mache for the Buffalo Exposition, was

restored in exactly the manner indicated. And then, m order to give

as vivid an idea o/the animal as possible, a small modd^onhe creature

iJn allusion to the preserKJe'^f'thrtwo large horns above the eyes and the third

smaller horn on the nose.
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was made bv Mr. Knight, as well as a painting showing Triceratops as

nearly as he might l)e supposed to look amid his natural surroundmgs,

perhaps six million or more years ago.

We have a goodl}' number of bones, though by no means an entire

skeleton, and yet we wish to complete the skeleton and incidentally to

form .some idea of the creature's habits. Now, we can interpret the

past only by a knowledge of the present, and it is b}^ carefully' studying

the skeletons of the animals of to-day that we can learn to read the

meaning of the symbols of bone left by the animals of a million yester-

days. Thus we tind that certain characters distinguish the bone of a

mammal from that of a bird, a reptile, or a fish, and these in turn from

one another, and this constitutes the A, B, C of comparative anatomy.

And, in a like manner, the bones of the various divisions of these main

groups have to a greater or l(\ss extent their own distinguishing char

acteristics. so that by first comparing the bones of extinct animals with

those of creatures that are now living we are enabled to recognize their

nearest existing relative, and then by comparing them with one another

we learn the relations they bore in the ancient world, liut it must be

boine in mind that some of the early l)easts were so very ditierent from

those of to-day that until ])r('tty much their entire structure was known
there was nothing with wliich to compare odd bones. Had but a single

incomplete specimen of Tiiceratops come to light we should be very

nuu-li in the dark concei'ning him. and although remains of some thirty

individuals have been discovered, these have been so imperfect that we
are very far from liaving all the information we need. A great part

of the head, with its formidable looking horns, is present, and although

the nose is gone we know from other specimens that it, too, was armed

with a knob or horn, and that the skull ended in a beak something like

that of a snapping turtle, though formed by a separate and extra bone.

Similarly the end of the lower jaw is lacking, ])ut we may be pretty

certain that it ended in a beak to match that of the skull. The large

leg bones of our specimen are mostly represented, for these being

among the more solid parts of the skeleton are more frequently pre-

served than any others, and though some are from one side and some
from another this matters not. If the hind legs were disproportion-

ateh' long it would indicate that our animal often or habitually Avalked

erect, but as there is only difference enough between the fore and hind

limbs to enaV)le Triceratops to browse comfortabh' from the ground, we
would naturally place him on all fours, even were the skull not so large

as to make the creature too top-heav}^ for any other mode of locomo-

tion. Were the limbs very small in comparison with the other bones,

it would obviousl}' mean that their owner passed his life in the water,

for a skeleton is the solution of a problem in mechanics—given a cer-

tain amount of weight to support, and there must be limbs of a given

size if this weight is to be carried on drv land. If the animal is buoj' ed
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up by Avater tb'- legs are not needed for locomotion, and ma}^ be very
small.

Something, too, may be gathered from the structure of the leg bones,

for solid bones mean either a sluggish animal or a creature of more
or less aquatic habits, while hollow bones emphatically declare a land

animal, and an active one at that, and this in the case of the Dinosaurs
hints at predatory habits, the ability to catch and eat their defenseless

and more sluggish In-ethren. A claw, or better yet, a tooth, may con-

firm or refute this hint, for a blunt claw could not be used in tearing-

prey limb from limb, nor would a double-edged tooth, made for rend-

ing flesh, serve for champing grass.

But few bones of the feet, and especially the fore feet, are present,

these smaller parts of the skeleton having been washed away before

the ponderous frame was buried in the sand, and the best that can be

done is to follow the law of probabilities and put three toes on the

hind foot and five on the- fore, two of these last devoid of claws.

The single blunt round claw among our bones shows, like the teeth,

that Triceratops was herbivorous; it also pointed a little downward,

and this tells that in the living animal the sole of the foot was a

thick, soft pad, somewhat as it is in the elephant and rhinoceros, and

that the toes were not entirel}^ free from one another. There are less

than a dozen vertebra, and still fewer ribs, besides half a barrelful of

pieces, from which to reconstruct a backbone 20 feet long. That the

ribs are part from one side and part from another matters no more

than it did in the case of the leg bones, but the backbone presents

a more difiicult problem, since the pieces are not like so many check-

ers, all made after one pattern, but each has an individuality of its

own. The total number of vertebrae must be guessed at (perhaps it

would sound better to say estimated, but it really means the same),

and knowing that some sections are from the front part of the ver-

tebral column and some from the back, fill in the gaps as best we

may. The ribs offer a little aid in this task, giving certain details

of the vertebra?, while those in turn tell something about the adjoin-

ing parts of the ribs. We finish our Triceratops with a tail of mod-

erate length, as indicated by the rapid taper of the few vertebra?

available, and from these we gather, too, that in life the tail was

round and not flattened, and that it neither served for swimming nor

for a balancing pole.

So much for the manner in which, piece by piece, the framework

of an animal is put together, and what the various parts may tell

of the life and habits of some creature that long ago passed out of

existence.

The basis of all reconstruction is, of course, the skeleton, and smce.

as said above, we can read the past only by the aid of the present, it

is absolutely essential to have a knowledge of the anatomy of creatures
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living to-day in order to properly interpret the bones of those that

lived a million years ago; not only that, it is equally essential to

have more than a casual acquaintance with their external appearance,

for, while there is nothing in the bones to tell how an animal is or

was covered, there are certain general i-ules for telling what the prol)-

al)ilities ai'e.

A l)ir(l. for example, would certainly be clothed in feathers, for

these ai'c the exdusixc ])r()perty of hii'ds; no other creature possesses

feathei's. no bird is w itliout tiieni, although they may be so modified that

at first sight theii- identity might be called in (juestion. Reptiles and

mannnals may go (piite naked or cover themselves with a defensive

armor of bony plates or horny scales, but under the blaze of the

tropical sun or in the chill waters of arctic seas birds wear feathers

and feathers oidy. (loing a little further, we might l)e pretty sure

that the feathers of a waterfowl would b(> thick and close; those of

strictly terrestrial birds, such as the ostrich and otlicn- flightless forms,

lax and long. These as general propositions. Of course in special

cases one might easily come to grief, as in dealing with birds like

penguins, which are particularly adapted for an aquatic life and have

the feathers highly modified. These birds depend upon their fat and

not on their feathers for warmth, and thes(> have become a sort of

cross between scales and hairs. Hair and fur belong to mammals
only, although these crtnitures show nuich variety in their outer cover-

ing. The thoroughly marine whales have discarded furs and adopted

a smooth and slippery skin,' well adapted to movement through the

water, relying for warmth on a thick undershirt of blubber. The

earless seals, that pass much of their time on the ice, have just enough

hair to keep them from absolute contact with it, warmth again being

provided for by l)lubber. The fur seals, which for several months in

the year dwell largely on land, have a coat of fur and hair, although

warmth is mostly furnished, or rather kept in, by fat.

No reptile, therefore, would be covered with feathers; neither, judg-

ing from those we know to-day. would they be clad in fur or hair; but

such coverings being barred out, there remain a great variety of plates

and scales to choose from. Folds and frills, crests and dewlaps, like

beauty, are but skin deep, and, being thus superficial, ordinarily leave

no trace of their former presence, and in respect to them the recon-

structor must trust to his imagination with the law of probabilities as

a checkrein to his fancy. This law would tell us that such ornaments

1 The reader is warned that this is a mere figure of speech, for, of course, the proc-

ess of adaptation to surroundings is passive, not active, although tliere is a most

unfortunate tendency among writers on evolution, and particularly on mimicry, to

speak of it as active. The writer believes that no animal in the first stages of

mimicry consciously mimics or endeavors to resemble another animal or any part of

its surroundings, but a habit at first accidental may in time become more or less

conscious.
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must not be so placed as to be in the way, and that while there would
be a possibility—one might even sa}' probability—of the great, short-
headed, iguana-like Dinosaurs having dewlaps, that there would be no
great likelihood of them possessing ruffs, such as that of the Austra-
lian ChUmydosaurus (mantled lizard), to flap about their ears; even
Stegosaurus, with his bizarre array of great plates and spines, kept
them on his back, out of the way. Such festal ornamentation would,
however, more likely be found in small, active creatures, the larger

beasts contenting themselves with plates and folds.

Spines and plates usually leave some trace of their existence, for

they consist of a superstructure of skin or horn built on a foundation

of bone, and, while even horn decomposes too quicklv to '"petrify,"

the bone will become fossilized and changed into enduring stone.

But, while this affords a pretty sure guide to the general shape of the

investing horn, it does not give all the details, and there may have

been ridges and furrows and sculpturing that we know not of.

Knowing, then, what the proliabilities are, we have some guide to the

character of the covering that should be placed on an animal, and if

we may not be sure as to what should be done we ma}^ be pretty cer-

tain what should not.

For example, to depict a Dinosaur with smooth, rubbery hide, walk-

ing about on dry land, would be to violate the probabilities, for only

such exclusively aquatic creatures as the whales among mammals and

the salamanders among batrachians are clothed in smooth, shiny

skin. There might, however, be reason to suspect that a creature

largely aquatic in its habits did occasionally venture on land; as, for

instance, when vertebrae that seem illy adapted for carrying the weight

of a land animal are found in company with huge limb bones and

massive feet, we may feel reasonably certain that their owner passed

at least a portion of his time on terra tirma.

So much for the probabilities as to the covering of animals known to

us only by their fossil remains, but it is often possible to go beyond

this and to state certainly hoAV they were clad; for while the chances

are small that any trace of the covering of an extinct animal, other than

bony plates, will be preserved, nature does now and then seeni to have

relented, and occasionally some animal settled to rest where it was so

quickly and quietly covered with tine mud that the impression of small

scales, feathers, or even smooth skin was preserved. Curiously enough,

there seems to be no record of the imprint of hair having been found.

Then, too, it is to be remembered that while the chances were very

much against such preservation, in the thousands or millions of tmies

creatures died the millionth chance might come uppermost.

The imprints of ichthyosaurs have already been mentioned, and

these are probably due to the slow carbonization of animal matter,

leaving a dark silhouette of the animal printed on the smooth rock.
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Impressions of feathers were known long before the discovery of

Archteopteryx; a few have been found in the (jreen River and Floris-

sant shales of AVyoniing-, and a Hesperonis in the collection of the State

University of Kansas shows traces of the existence of long, soft feathers

on the tibia, and very clear imprints of the scales and reticulated skin

that covered the tarsus. From the chalk of Kansas, too, came the

example of Tylosaur, showing that the back of this animal was deco-

rated with tiie crest shown in Mr. Kniuht's restoration, one not unlike

that of the modern iguana. From the Laramie sandstone of Montana
Mr. Hatcher and Mr. Hutler have obtained the impressions of por-

tions of the skin of the groat Dinosaur Thespesius. which show that

the covering of this animal consisted largely, if not entirely, of small,

irregularly hexagonal iiorny scutes, slightly thickened in the center.

The ([uarries of lithographic stone at Solenhofen have yielded a few
specimens of Hying reptiles—pterodactyles—which not only verify the

correctness of the inference that these creatures possessed membranous
wings like the bats, but they show the exact shape-^and it was some-

times very curious —of this meml)rane.

And each and all of these wonderfully preserved specimens serve

both to clunk and guide the restorer in his task of clothing the animal

as it was in life.

And all this help is needed, for it is an ea.sy matter to make a wide-

sweeping deduction. a])])arently resting on a good ]»asis of fact, and

yet erroneous. Remains of the mannnoth and woolly rhinoceros found

in Siberia and northern Europe were thought to indicate that at the

period when these animals lived the climate was mild—a very natural

inference, since the elephants and rhinoceroses we now know are all

inhabitants of tropical climes. But the discovery of more or less com-

plete specimens makes it evident that the climate was not particularly

mild; the animals were simply adapted to it. Instead of ))eing naked,

like their modern relatives, the}' were dressed for the climate in a

woolly covering. We think of the tiger as prowling through the jun-

gles of India, but he ranges .so far noi'th that in some localities this

beast preys upon reindeer, which are among the most northern of large

mammals, and there the tiger is clad in fairly thick fur.

When we come to coloring a reconstructed animal we haveabsolutel}'

no guide, unless we assume that the larger a creature the more soberl}'

will it be colored. The great land animals of to-dav, the elephant and

rhinoceros, to say nothing of the aquatic hippopotamus, are very dully

colored, and while this somber coloration is to-day a protection, ren-

dering these animals less easily seen b}' man than they otherwise would

be, yet at the time this color was developing man was not, nor enemies

sufficienth' formidable to menace the race of elephantine creatures,

for whei'e mere size furnishes sufficient protection one would hardly

expect to find protective coloration as well, unless indeed a creature



THE RESTORATION OF EXTINCT ANIMALS. 491

preyed upon others, when it might be advantageous to enable a preda-
tory animal to steal upon its prey.

Color often exists, or is supposed to, as a sexual character, to ren-
der the male of a species attractive to or readily recognizable by the
female; but in the case of large animals mere size is quite enough to

render it conspicuous, and possibly this may be one of the factors in

the dull coloration of large animals.

So while a green and yellow Triceratops would undoubtedly have
been a conspicuous feature in the Cretaceous landscape, from what we
know of existing animals it seems but to curb our fancy and, so far as

large dinosaurs are concerned, employ the colors of a Rembrandt
rather than those of a sign painter.

Aids, or at least hints, to the coloration of extinct animals are to be

found in the coloration of the young of various living species, for as

the changes undergone by the embryo are in a measure an epitome of

the changes undergone by a species during its evolution, so the brief

color phases or markings of the young are considered to represent the

ordinary coloring of distant ancestors. Young thrushes are spotted,

3'oung ostriches and grebes are irregularly striped, young lions are

spotted, and in restoring the early horse, or Hyracothere. Professor

Osborn had the animal represented as faintly striped, for the reason

that zebras, the wild horses of to-dav.are striped, and because the ass,

which is a primitive t3'pe of horse, is also striped over the shoulders,

these being hints that the earlier horse-like forms were also striped.

Applying the principles just laid down to the model and drawing of

Triceratops, it was decided to show him in a fairly thick and smooth

skin, for from what we actually know of the covering of large dino-

saurs, as shown by Thespesius, the horny scutes of which it is com-

posed are so small that they would not show at all in a small model or

picture. A few dermal plates have been found in the Triceratops })eds,

but these are not definitely known to have belonged to that animal;

in fact, there is good reason to believe that they are from another

species;^ and so the presence of a row of horny scutes down the center

of the back was merely hinted at, while the knee and elbow were

given callosities such as might properly have belonged there.

The sides of the neck were depicted with folds or ridges of skin

suggested by those found in the iguana, horned toad, and other lizards,

but for reasons given these were not shown as rising into long, deco-

rative points, since such would be more likely to occur in small reptiles

than in large. And because of his size and the blackish or dull green

color of large reptiles, the color of Triceratops was made a dull green-

ish gray, lightened beneath into a yellowish hue.

1Among the pitfalls bv which the path 'of the restorer is beset is the fact that the

bones of different species of ani-uals are often found so associated that they seein to

have belonged together, and in the present instance Thespesius is found with Tri-

ceratops.
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The restoration of tlie (.•oimiion or American mastodon {Mastodon

americonus)^ drawn by Mr. J. M. Gleeson, to accompany this article,

may be taken as another example of the methods followed in recon-

structing^ extinct animals.

The mastodon is an elephant, and his general appearance is indicated,

but there are certain details some of which are purely deductive and

some of which have fortunately been proved for us. The skeleton

shows that, taking the skeleton as a whole, the mastodon and African

elephant represent two extremes of elephantine structures, the latter

being the highest or longest legged, the former })eing for its bulk the

lowest, most massive species, known, although low is a comparative

term, for the animal attained a height of 10 feet. Yet when the skull

and teeth arc considered, these two animals have decided points of

resemblance. The skull of the African elephant is flatter than that of

the Indian species; the skull of the mastodon is even more depressed,

and, as this feature^ would have shown plainly in life, it should be

borne in mind in making any restorations. Many mastodon tusks have

been found, and thus we know that they were slightly heavier, more
abruptly tapering than in the mammoth or Indian elephant, and that,

whil(> there was great variety in the curve, in the typical examples

from eastern North America they described nearly a half circle. In

supplying the mastodon with a trunk it is to be borne in mind that

there is a striking diflerence between the trunks of the Asiatic and

African elephants, that of the former wrinkling up when bent, as

though it were equally elastic throughout, while that of the latter

bends, as it were, in sections, suggesting the joints of a telescope. As
the skull and teeth of the mastodon are simpler in structure than

those of the Indian elephant, and in these particulars more like the

corresponding parts of the African elephant, it is a fair inference that

the trunk was similar and that it also lacked the finger-like process

of the Indian species. The northern mammoth was clad in hair and

wool, and, as the mastodon ranged well to the north, it is fair to sup-

pose that the more northern individuals were more or less completely

clad in hair. And this supposition is substantiated by the discovery

noted by Titian Peale of long, coarse, wooly hair, in one of the swamps
of Ulster County, N. Y. Thus the restoration of the mastodon repre-

sents a proportionately lower, more heavily built elephant than those

now living, with recurved tusks and jointed trunk, and clad in fairly

long hair.

Finally, it maj" be gathered from what has been said that, while the

restoration of extinct animals is subject to some uncertainties, and

mistakes of interpretation are liable to occur, these efforts to reproduce

the living forms of past ages are not mere guesswork, but rest upon

a solid foundation of scientific facts and careful deductions.



Smithsonian Report, 1900.—Lucas.

Plate VIII.





LIFE IN THE OCEAN/

By Karl Brandt.

On account of the favorable situation of the University of Kiel on
the .seacoast, a part of the corps of instructors of the universit}- has,

for a long time, but especially since the creation in 1870 of the Kiel

commission for the scientific study of the German seas, directed its

labors principally toward the stud)^ of the phenomena of life in the

ocean.

The field is vast; it not only brings rich harvests to zoologists, bot-

anists, and oceanographers, but also supplies valuable data to the

chemist, the physicist, the physiologist, and hygienist. Our univer-

sity, which originally had rather the character of a provincial institu-

tion of Schleswig-Holstein, has been insensibly metamorphosed into

a special German university for the study of the things of the sea,

while a part of our instructors at the same time teach in the naval

academy. This specialization has been made known abroad by the

fact that the first great German expedition for marine exploration,

called the Plankton expedition, was carried out by members of our

university. To the work of the commission for the scientific study of

the German seas is due also the particular character of the researches

carried on at Kiel during the second half of the century now closing,

that is, since biological study of the ocean has been somewhat

extended. The commission was assigned the task especially of inves-

tigating marine phenomena from the point of view of the exploitation

of their animal resources; its labors mark the first step in a course

having for its principal aim the discovery of the general laws which

govern the phenomena of marine life, and of which the knowledge is

necessary for the best success of the fisheries.

Questions of general biology have thus been brought to the front,

and methods have been invented for penetrating the secrets of the

deep for the profit of mankind. We are still far from our goal. For

to reach it, observations, however numerous, on the behavior of the

organisms that live in the sea, or their mutual relations, and on the

'Translated from Revue Scientifique, 4th series, tome 12, October 21, 1899.
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influence of external conditions, will not suffice; it is requisite besides

to extend the conquests of science to the things of the sea, and to

apply to the special beings that live therein the fundamental principles

and approved methods of animal and vegeta])le physiology which have

been deduced from the terrestrial world. We maj'^ sum up all these

researches as the science of the totality of exchanges of matter in the

ocean, and 1 will indicate here the most important of the investiga-

tions and the facts which must form the basis for the solution of the

problem. 1 shall dwell especially on those points which present a

general interest.

Matter in nature follows a cycle which may be briefly described as

follow^s: The constituents of the air. the water, and the earth are trans-

formed by vegetiition into living substances; animals directlv or indi-

rectly absorbed the organic substances produced by plants, and finally

animals and plants after their death are decomposed by the influence

of certain bacteria into inorganic sulistances which, taken up again by

plants, are transformed anew into organic matter, and so on.

It is the corpuscles of chloi'ophyll which (Miable plants in the pres-

ence of light to form organic substances from carbonic acid, water, and

certain salts. It is on the other hand from the vegetable kingdom

that all animals have to derive all the organic matter that is to form

their bodies and support their life. It follows that in any large terri-

tory the quantity of organisms is regulated by the condition that the

total mass of consuming animals has to remain inferior to the mass of

producing plants. Unless this condition is fulfilled, a part of the ani-

mals must sutter hunger or even perish. For the same reason among
terrestrial animals the mass of carnivores must be inferior to that of

the herbivores.

But the plants can not perform the important function that devolves

upon them—the formation of organic substances—unless the}" find the

inorganic matter which is indispensable to them, and which presents

itself under the form of combinations of at least eleven or twelve known
chemical elements. If but a single one of these nutritive substances

is wanting the plant will not grow. In case of insufficiency the plant

just manages to exist; wdiile if there is superabundance it grows

rank. The growth of plants depends upon the quantity of nutritive

matter the}' get, and there is an indispensable minimum for each species.

The discovery of this fundamental law is due to Liebig, the founder

of agricultural chemistry.

Generally speaking, the production of vegetable substances depends

upon the quantity of nitrogenous inorganic compounds in the soil.

We know that manures rich in nitrogen extraordinarily augment the

vegetable production, although this can not surpass a certain maxi-

mum characteristic of each kind of plant, beyond which all increase

of nitrogenous matter acts as a poison.
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Inorganic nitrogenous compounds appear in three forms in nature—
those of ammonia, nitrates, and nitrites. Since no plant can grow
unless it finds inorganic nitrogenous compounds in its neighborhood,
and since the life of animals depends on that of plants, it follows that
all the life on the globe depends absolutely upon the existence of these
nitrogenous compounds. It is, therefore, of the first importance to
follow closely the cycle of transformations of nitrogen in nature.
We know only three sources of the three kinds of nitrogenous

compounds which interest us. In the first place, all living beings con-
tain nitrogenous substances, notably albumen, and these are in part
eliminated during life as residuary products (urine, etc.), and for the
rest are decomposed by putrefaction after death. The albuminoid sub-
stances are then transformed into ammonia, which in its turn fur-

nishes nitrites and nitrates, so that the nitrogen is brought back to a
form in which it can be used by plants in a new production of albu-

men. All the processes of putrefaction by which animal carcasses and
vegetable remains are transformed into carbonic acid, subterranean

nitrogenized waters, and other inorganic substances, are due exclu-

sively to certain definite bacteria. If these are not present or do not

meet with the conditions of life which they require, putrefaction is

adjourned and with it the utilization of the nitrogenous matter of dead

bodies by living ones.

Nor is the decomposition of albuminoids the only process caused by
bacteria; they are equally necessary for the conversion of ammonia
into nitrous acid, and ultimately into nitric acid, and for the reverse

changes. A sort of bacterium called a nitrifying bacterium, or nitro-

bacterium, existing, it would seem, all over the globe, produces the oxi-

dation necessar}" to transform ammonia first into nitrous and finally into

nitric acid, provided there is enough oxygen at hand. The reverse

process of reduction is due to another kind of bacterium, called a deni-

trifying bacterium, which transforms nitric acid into nitrous acid, and

this again into ammonia, and finally sets nitrogen free. The final prod-

uct of this reduction consists of free nitrogen, which, mingling with

the air, is lost from the cycle of transformation. With one excep-

tion, nitrogen can not be utilized by plants to form albumen unless it

is in a state of combination. Thus, though the greater part of the

organic nitrogen returns to living organisms, a certain portion of it is

lost by the action of the denitrifying bacteria. The quantity of living

organisms would, therefore, be gradually diminished Avere there no

other source of combined nitrogen to make up for the loss.

This compensation is furnished by the free nitrogen of the atmos-

phere, which, under certain conditions, can enter into combination

and become available for plants. Combinations of this kind are

brought about in two ways—by the action of lightning, that is, of

electrical discharges, and by the symbiosis, or mutual parasitism, of

SM lyuo 35
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certain plants with certain sorts of bacteria. It is leguminous plants

alone, and of leouniinous plants onh^ those upon whose nodes certain

bacteria live, that can tix the atmospheric nitrogen and use it to make
all)umen. In the absence of the specific bacteria the leguminous plants

lose this property and behave like other plants, as can he seen by

cultivating them in sterilized soil. In respect to compensation for

losses of nitrogen, the intimate union between leguminous plants and

certain bacteria is prol)a))ly of fur more importance than the fixation

of nitrogen by atmospheric electricity.

As far as we know, the cycle whose essential steps have just been

sketched is performed in the sea as on the land. In water, as on land,

plants alone furnish the food; l)ut, since thev can not produce organic

matter without light. th(\v grow only in the upi)er strata of the ocean,

down to a depth of scmie hundreds of meters. The marine plantsare,

moreover, ecjually subject to t\w law of the minimum. The analysis

of the medium in which they live— that is to sa}'. of the water with

the solid and gaseous substances that it holds in solution— will permit

the formation of conclusions analogous to those that soil analysis

suggests for terrestrial plants. Aloreover^ as well as we can judge

from recent observations, nitrifying and denitrifying bacteria pla}''

important parts both in fresh water and in the ocean.

The three nitrogen compounds of Avhich we have spoken, together

with all their salts, are particiUarly soluble, and, consequently, rains

carry ofi' a part of the compounds of this kind. The water thus

charged with anmionia and nitric acid flows ofi' by the ditches and

brooks to the ponds, lakes, and water courses, and ultimately reaches

the sea. The land is, in that way, continually being robbed of a cer-

tain quantity of nitrogen compounds, to the profit of the sea. The
loss thus sustained by the soil is made up by the formation of new
(juantities of nitrogen compounds, due in small part to the action of

storms, but, probably, chieflv by the intervention of bacteria living in

the nodes of leguminous plants.

One naturally expects to find in the sea an animal and vegetable life

far more intense than on land, for the reason that the sea, in the course

of time, must have been extraordinarily enriched with nitrogenous

substances. Indeed, it seems that the incessant bringing of such sub-

stances ought, after some hundred thousands or millions of years, to

have poisoned the sea and rendered life there quite impossible. Yet,

in point of fact, we neither find that life in thejocean has been cut off,

nor do we meet there an}'^ very extraordinary wealth of living organ-

isms or of nitrogen compounds. On the contrary, the few observa-

tions made enable us to declare that sea water does not contain, so

much combined nitrogen as earth does. This apparent contradiction

mav, in the present imperfect state of our knowledge, be supposed to

be explicable by the action of denitrifying bacteria. From this point
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of view, the differentiation of tlie different kinds of bacteria which take
part in the processes of putrefaction in the sea, the stud}^ of their
modes of action, conditions of existence, and propagation will be of
great interest.

Besides a general knowledge of the cycle of transformations of mat-
ter, we need the knowledge of the composition and transformation of
the plants and animals that we have to study and of the action upon
them of their environment in order to comprehend the phenomena of

nature and to solve the practical questions to w iiich they give rise.

It is needful, also, to at least determine the importance of the com-
monest species.

Practical agriculture has gained great benefit from investigations of

this sort and from results obtained in regard to the relations which
exist between the many factors of the question.

Advantages have also been derived from man}'^ conquests of science

for the utilization of ponds, and it ma}^ be hoped that the same prin-

ciples applied to marine matters will lead to a more complete utili-

zation of the products of the sea. The object of cultivating the soil is

to obtain with the smallest possible expense and least work the greatest

product. Efforts tend to augment the fecundity of the soil by such a

stud}^ of the causes of that fecundit}' as permits the elimination of

harmful influences. In the same way we ought to endeavor to get

from the sea the greatest possible quantity of useful products. For

that purpose, the first thing to be done is to make an exact inventor}^ of

the real product of the ocean, or only of a particular, part of the sea,

compared with what is furnished by cultivated soil. This exact knowl-

edge of the production gives the surest point of departure not only for

a rational exploitation of sea fisheries, but also for a study of the causes

of production and of the transformations of matter in the bosom of

the ocean.

There are exact statistics of agriculture. Thus we know that in

Germany an acre of meadow yields on the average 1.4 short tons of

hay. In order to be able to compare this crop with the product of

the same area planted with cereals, or with that of a pond of the same

size, we must know the chemical composition of the plants in (jues-

tion, so as to be able to compare the different plants, either directly

according to their amount of albumen, of fatty matters, etc., or indi-

rectly according to their nutritive value, determined by special experi-

ments. To ascertain exactly the annual production of flesh per unit

of surface is less easy. The most satisfactory method is still that

of deducing it from the number of young cattle that can be raised

annually upon a suitable area. According to the data collected by

Viebahn an acre of cultivated land in Prussia yields 75 pounds of beef

per annum. For water, as for land, we can, as Hensen has shown,
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try two different ways of ascertainino- the yield. We can weigh the

fish taken from a pond, and thus determine the quantity of useful flesh

produced per acre per year, or we can find the quantity of organic

matter produced in the form of plants in a given body of water in a

year. The values found for the yield in flesh and for the production

of nutritive substances must have a certain ratio which may be ascer-

tained by chemical bacteriological and physical study of the body of

water in question from the point of view of its capacity of yield. The
product of fish in flesh can be directly determined only in ponds that

can be emptied and from which all the fish they contain can be taken.

Susta gives extended instructions for doing this in his interesting work
on feeding carp. The worst ponds give nearly 11 pounds of carp per

year to the acre; but large ponds generally give three or four times as

much, while the yield of the small ones is six times as much. Village

ponds into which flows manure liquor from farms give a yield running

up to twenty times the first number.

The observations made upon the exploitation of ponds furnish some
information concerning the causes of the variations of production.

Those ponds into which flow either the water from manured land or

the drainage of villages are always better stocked and give a better

yield. The introduction of nitrogen compounds has thus here, as in

the case of the soil, the effect of augmenting the yield very remark-

ably. It has also been found that the yield can be much increased by

giving the fish food rich in nitrogen (grains of lupine, etc.). This food

is not in all cases directly assimilated. It seems, on the contrary, that

it is first taken bj^ larv» of gnats, worms, insects, etc., which after-

wards become the prey of the fish, or else that the food, b}^ the inter-

vention of certain bacteria undergo a decomposition having the effect

of rendering them assimilable bj^ the plants of the pond, these plants

being then eaten bj^ small animals which, mixed with microscopic

plants, serve in their turn as food for the carp. In any case, experi-

ence shows that the conditions of production in a small body of water

are by no means unfavorably affected by the presence of manure, but

that on the contrary the}^ may be greatly improved in this wa3^

The simple and sure process of directly ascertaining the production

of fish is, of course, no longer applicable when we come to large lakes

or to the sea, because it is then no longer possible to take out all the

fish. We have, then, to fall back on the best statistics. According to

the catch of the fishermen, Hensen has estimated the annual yield of

the Bay of Hela (meaning, presumably, the Putziger Wiek, in the

Gulf of Dantzig) at 28.2 pounds per acre (31.6 kilos de poisson pour

1 hectare de surface en eau). I have calculated in another way that

in the "Haff," at Stettin (I'anse de Stettin), the catch of fish amounts

to 90 pounds per acre per year (100 kilos par hectare et par an). On
the other hand, Heincke sets down the annual value of the products
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drawn from the German Ocean as from 100,000,000 to 150,000,000
marks, and, according- to British statistics, 11 pounds (5 kilos) of fish

are worth 1 mark (23.82 cents, or 2|- cents per pound). Consequently
the total catch of the German Ocean would be from 1,100,000,000 to

1,650,000,000 pounds, or from 8 to 12 pounds per acre, worth 17i to

26i cents.'

This production is ver}- low, as compared with that of fish ponds.
In the latter the catch may give some idea of the production, but at

sea the fishermen only keep such fish as are profitable and can gener-
ally only take a part of the fish. The real production of the German
Ocean is, therefore, quite unknown. It is true that in a fish pond or

field the greater part of the parasites can be destroyed, while in the

sea we can not prevent the concurrence of creatures which, though
they are not worth catching and transporting (if they are of an}' value

at all), nevertheless draw their food from the general store. Still, I

think it highly improbable that the actual catch in the German Ocean
represents more than a small fraction of the real useful production.

We can onl}^ say that if the fishermen take all that could be taken the

proportionate production of the German Ocean is not a third of that

of the worst class of fish ponds. Besides, the best statistics of fish-

eries give but rough approximations, having rather a relative than an

absolute significance, so that it is quite likely that the catch is much
greater than the statistics show. In the case of the '" Hafen" of Stet-

tin, careful verification showed me that the actual catch was between

two and one-half and three times as great as the statistics showed. It

may be that the statistics of the German Ocean are nearer the truth,

yet it is certain that they do not include all the products of the sea.

For example, the enormous masses of seaweed that are thrown up

upon the shores by storms and are then utilized by farmers are not

taken into account.

It would be desirable that each year all the fish should be taken from

the sea that it can naturally produce, and it would be interesting to

know how much this is, in order that we may take all that can be

taken without inconvenience to future production.

Hensen has proposed to deduce the quantity of fish from the number

of eggs deposited in the spawning season. For the majority of species

of useful fish these eggs do not sink, but float, so that the motion of

the water, whether by currents or by wind, assure their being pretty

uniformly distributed. By making dippings with a fine net it is easy

to ascertain the number of eggs and larvte contained in the vertical

column of liquid of a given base, and by operating in this way over

an important body of water a great many times every day, so as to

correct contingent errors and possible variations, one will certainly

1500,000,000 a 650,000,000 de kilos par hectare, ou 9 a 13.6 kilos, rcpr(5sentant uue

valeur de 1.8 a 2.7 marks.
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succeed in gaining a tolerablj'^ exact idea of the distribution of eggs,

and consequently in acquiring practically important knowledge con-

cerning the situation and extent of the places preferred by the fish

for la^dng their spawn. These experiments will also furnish valuable

data in regard to the quantities of eggs laid by each kind of fish. It is

even possible to pursue quantitative experiments, showing the loss at

each period of the development of the larvae. Knowing the quantity

of eggs which each species of fish can give, we can finally deduce from

the figures furnished b}^ these soundings the quantity of fish really

existing in the waters under study at the spawning season. The com-

parison of the figure so obtained with the statistics of the fisheries will

give the ratio between the fish taken and the annual increase.

This method is the only one hitherto proposed which permits us to

get an exact idea of the situation. It has thus far only been applied

to the fisheries of the Kieler Bucht (la rade de Kiel) in the Baltic and

of the German Ocean. These applications have shown that the method

is correct in principle and reliable in its application. New observa-

tions, however, on fish eggs and their development are yet needed to

give the process an absolutely certain basis. These observations are,

moreover, indispensa))le in order to elucidate a number of important,

practical, and scientific questions. A quantity of isolated experiments,

hitherto of no particular consequence in default of any general prin-

ciples ])y which they might be interpreted, become to-day indispensable

bases of further researches.

The animals which inhabit the sea are developed in proportion to

the ({uantity of their food. Now, since all this food comes directly or

indirectly from plants, it follows that we can just as well estimate the

real production of animal life in the water by means of the annual

yield of vegetation as we can estimate the product of a farm by the

quantity of grass and fodder that it affords. The vegetable produce

of the sea belongs to two forms marlcedly distinct. On the one hand

there are the multicellular shore plants of some size, such as fucus or

wrack, sea lettuce and green seaweed generall}^ (algues vertes), dulse

and other florid seaweed (algues rouges), and kelp (herbe marine). On
the other hand there are unicellular organisms so small that with a

very few exceptions, the}' are not distinguishable by the naked eye.

The large plants are all collected into a narrow band along the shore,

while the njicroscopic plants are not only found on the ])order and

at the bottom of shallow arms of the sea, but constitute an essential

part of the plankton which floats freely in the water. Ideas of the

relative importance of the two classes as food are widely divergent

owing to the insufliciency of observations hitherto made upon the sub-

ject. But if we consider the ocean as a whole, it can hardly be doubted

that the quantity and consequently the direct importance of fucoids,

florids, and algae generally is very feeble as contrasted with that of
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the iinperceptiblo plant.s which multiply iu the free water. The shore
alone is bordered ])y a belt, sometimes quite a meager one, of large
plants which, beyond this belt, hardly grow except in shoal water,
for the deeper we go the more scanty we find this vegetation.

Suppose the land had no vegetation beyond a similar zone idong the

coasts. Is it not evident that it could feed but a xerj small number of

large animals i But to render the parallel perfect it would be neces-

sary to suppose the desert surface of the continent more than twice as

large, for the ocean covers more than two-thirds of the surface of the

globe. The comparison would be rendered still more unfavorable by
the fact that at least on (xerman coasts the living marine plants in

question are eaten only by a relatively small number of small animals.

But it is not necessar}^ to dwell upon the matter, for it is clear that

the food of the animal world of the sea has to be assured under another

form.

The tangles and the bottom of the shallows are covered with plants

extraordinarily small, nearh' comparable to the green algie Avhich

clothe the branches of trees, or to mosses. These small plants of

rapid growth are much more quickly devoured than the great bundles

of fucus (varech) or of laminaria (herbe marine) hard as stone. To
make the parallel good it would be necessary to imagine the whole

body of the continents to be covered with a thick carpet of Nerdure,

for nothing like sandy deserts or mountain solitudes where but a few

animals can maintain a precarious existence are to be found in the

ocean. There is veg(>tation everywhere, and Schiitt has well said that

the sailor who fancies he has pure water under him really sails e\ery-

where, even in the blue ocean, in the midst of a rich vegetation. At

the same time, this vegetation feeds such an extraordinar}^ nunilxM- of

animals that it alwa^'s appears to l)e scanty, l^ecause the vegetable

substances newly produced are devoured as fast as they are produced.

From the point of view of food for animals there is the same diiier-

ence l)etween the two categories of marine plants as in our latitudes

there is between trees and the soft plants of the fields. Like the trees,

the fucus (varech) and the laminaria (les herbes marines) take a great

development tiecause they are little interfered with (genes). They

strike the eyes more, l)ut in reality it is the meadow which provides

food for the herds, meager as it looks. In respect, however, to the con-

ditions under which they are found, the fields of the ocean difler from

the fields of the land. The former grow plants of the size of the

smallest grains of dust distributed through the upper strata of the

sea, and prospering the better for being so regularly distributed. This

regularity is assured by the incessant stirring of the ocean, and if any

irregularity were to occur it would soon disappear, for if the vege-

ta])le organisms are relatively few at any one place they will thereby

be enabled to utilize the light and the food so much the more to their
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advantage, so that their development will become more rapid; and

besides, where there are fewer vegetable organisms animals will be

less attracted, and consequently the destruction of them will be less.

Like the microscopic vegetable organisms the animalcules that live

upon them are in general regularly distributed over the face of the

waters. This is true especially in the open sea, for inshore the wind,

the currents, and the possibility of using a different food often come
in to modify the distribution of the greater animals. These modifica-

tions are still greater at the spawning season, because the fish then

collect together. At this season certain kinds of fishing may become

profitable which at other times has to be given up on account of the

dispersal of its objects.

The regularity of the distribution of the little organisms in sea

water led Hensen to the notion of applying to the determination of

the vegetable production a process analogous to that used for producing

eggs. The method of studying plankton quantitatively which Hensen

invented and perfected for the purpose mentioned is of great impor-

tance for all l)iological investigations on the sea. The fundamental

idea of this method is that it is proper to bring back to a single point

of view all the observations on the influence of the conditions of the

sea and on the mutual relations of marine organisms; on the transfor-

mations of matter and the chemical constitution of marine substances;

on the quality and quantity of vegetable and animal organisms living

in the water. In the first place it is necessary to collect, as far as

possible, all the plants which are found under a definite area of the

svirface of the water. To do this, Hensen proposes the use of nets

with verv narrow meshes, by which a vertical column can be, so to

speak, filtered, and make a statistical statement of the organisms

so lifted. Unfortunatel}^ the finest nets now obtainable allow the

passage of the microscopic vegetations which sometimes appear in

important masses in certain regions. Hence it would be necessary

to invent for those excessively minute organisms special methods of

quantitative analysis. However, Hensen has obtained interesting

results. Each drawing of the net represents the total organisms of

the plankton down to a size of at least 0.048 mm. that at a given time

and place are contained in a vertical column of known dimensions. By
reason of the regularity of distribution of the organisms the results

can, moreover, be extended to considerable areas—hundreds of square

kilometers of open ocean—over which the conditions of life are uni-

form. Near the coast and within currents the conditions are different;

so that it is proper there to take samples at lesser intervals. Further-

more, in order to gain a close acquaintance with the plankton of a

bod}' of water, it is necessary to repeat the experiments at the shortest

intervals of time possible during at least a year.

It is not enough to measure the volume of organisms collected. It is
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necessary to estimate the number of individuals of each sort. Although
this counting involves great expenditure of time, it is quite indispen-
sable to the ascertainment of the production. It is necessar3\ i" tat't,

to separate the producers from the consumers. It is proper, also, to

take into account, at least for the principal species, the rapidit}^ of
increase, the duration of the different stages of development under
the various conditions of life, the mode of alimentation and the needs
of the principal animals. The results of the drafts taken at the begin-
ning of the year may be regarded as a principal sum of money, of which
the interest is spent in the course of the year, the capital remaining at

the end about what it was at the beginning. The comparison of the

quantities of animals of each sort and size in the successive drafts,

together with the knowledge acquired by direct observations of their

alimentary needs, enable us to infer whether the consumption is really

sufficient to absorb the annual vegetable production. This comparison
requires a very large set of drafts, because the rate of augmentation
of the different species depends upon the conditions of life, and con-

sequently varies from one season to another. Finally, the chemical

analysis of the principal plants is necessar}^ if we wish to compare the

productivit}^ of the sea in organic matters with that of the land.

It has been questioned whether it is possible to acquire an exact

notion of the production of a part of the sea by observations of the

plankton alone. But the objections which have been made neglect the

fact that under natural conditions a body of sea alwaj^s produces as

much as possible, and that in a small body, like the Kieler Bucht, for

example, the production in the middle of the water, and even along

the coasts out of the light—a production which is the same for the

whole surface—depends essentially upon the nutritive matters that

the plants find in solution in the water. But in consequence of the

incessant stirring up and mixing of the water, there can be no sensible

difference between the nutritive matters which are presented to the

plants in the open sea and in inshore places. Consequently the atten-

tive observation of the plankton taken up, as has been said, in a par-

ticular place during a whole year, furnishes a sufficiently accurate

scale of comparison for an estimate of the capacity of production of

the whole body considered, whether the production inshore is a little

less or a little more than that of the open sea.

Thus far, the method of the quantitive examination of the plankton

has been applied to the following marine bodies:

First. In shoal water:

(a) During several years: The Kieler Bucht (possibly the Kieler

Hafen is meant).

(h) During all seasons of one year:

In the Arctic zone, the Fjord of Karajak, in Greenland, in latitude

70° N., by Vanhoeffen.
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In the Mediterranean, at the Straits of Messina, l>v Lohmann.
In the Tropics, the Roads of RaUim in New Pomerauia (formerly New

Brittania). in latitude 4 S., b}' Dahl.

(c) During the winter months (1888-89):

In the Bay of Naples, by Schutt.

Second. On the high seas, by a series of drafts during the course

of voyages of exploration:

In the Baltic (from Memel to Gotland): in the northern part of

the German Ocean, from Skagen to the Hebrides; in a great part of

the Atlantic during the Plankton expedition (from the middle of July

to the beginning of November, 1889); in the part of the sea between

the Lofoden Islands and the north of Spitzbergen during the Prince of

Monaco expedition, in July and August, 1898.

I shall here leave out of consideration the numerous results which

these observations have furnished in zoology, zoogeography, and

oceanography, and confine myself to two points. The first is that

shallow seas are richer in plankton than deep seas are, and that among
the latter the Saragasso Sea is particularly poor (in August). The
explanation of this is to be sought in the law of the minimum. In

soundings, the intiuence of the soil and of the land with its contribu-

tions is more sensible, and plants find in a less mass of water a rela-

tively great quantit}" of inorganic substances which, in the depths of

the ocean, are more scattered and are specially deficient in the upper

layers, where alone vegetation is possible. The substances in the

unlighted depths can not be directly used ]\v plants. On the other

hand, as the great currents of the ocean extend along the coasts they

bring to the upper laj^ers of the high seas new food for the plants, so

that these layers may be relativelv more productive than the Saragasso

Sea, whose waters are still and in the middle of which the conditions

of alimentation appear to be altogether unfavorable.

It would be important to ascertain by chemical investigations which

of the substances susceptible of feeding vegetation exists in smallest

amounts. It is probably combined nitrogen. The results mentioned
above, as furnished by fish ponds, lead toward this conclusion. In the

same line are the experiments of Apstein on the lakes of Holstein,

experiments which I have verified, showing that lakes rich in plankton

contain much nitric and nitrous acids, while lakes poor in plankton are

also poor in nitric acid, the c^uantity of plankton and the percentage

of nitrates being sensibly proportional.

The second point to which I wish call attention in the results of

the quantitative stud}^ of plankton—and it is the more striking of the

two—is that tropical seas and the temperate zones are relatively poor
in plankton, while the Arctic Ocean is rich. On land it is just the

reverse. Luxuriant vegetation and superabundance of animal life are
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charartoristic of the Tropics and mightily contrast with the meager
vegfetation and sparse population of the polar solitudes; and one wotdd
expect beforehand to iind the same contrast in marine life. Plants
for example, need light to produce organic matters. Now, tropical
seas are better lighted than glacial seas. High temperatures, too, are
favorable to the development of marine organisms. Finally, the extra-
ordinary variety of forms in tropical seas seems to argue greater
wealth. Without Hensen's methods we should not have suspected
the remarkable fact mentioned.

First of all. we must make sure that the results of the Plankton
Expedition are correct. This expedition only drew its samples during
a part of the year, so that it might be that at other seasons the rela-

tive poverty of the tropical seas would be transformed into great
wealth. In order to ascertain how much there was in this objection,

observations were made on different coasts in very different latitudes

during a whole year, while at the same time as many additional obser-

vations as possible were made in deep Avater. We thus tind at our
disposition numerous observations made in the three oceans at my
solicitation, by the Messrs. Schott, of Hamburg; Captain Bruhn. of

Bremerhaven, and Naval Surgeons Kramer, von Schwab, and Frey-
madl. All these observations lead to the same conclusions: The Arctic

regions are very rich in summer, while the tropical regions are poor
in plankton the whole year round. Conditions specially unfavorable

to production appear in the Mediterranean, as in the Saragossa Sea.

The single comparison of the curves of volume for the four coast sta-

tions where the results have ))een most accurate confirms this conclu-

sion. If we take the arithmetical means of the monthly \alues we
tind that in New Pomerania the mean volume of plankton for the year

is double that at Messina, while for the Kieler Bucht it is ten times

that at Messina.

How shall we explain this remarkable fact, this bizarre contrast

between the production of living substances on land and in the sea i

First of all. we must get it clearl}- in our minds that the development

of plants, and consequently their production, depends not only on the

illumination, but also and in quite as large measure on the quantities

of nutritive substances that are brought to them. If one of the.se

substances, say combined nitrogen, is present only in relatively small

amount, the production will suffer from this want. Penury of nitro-

gen is suggested, not onh^ by the considerations put forth above, but

also in a striking way by the fact that, according to the drafts of

plankton, the quantity of nutritive substance in minimum ought to

depend very much upon living organisms. Even slight differences of

temperature have great importance for the quantity of plankton col-

lected, and these differences of temperature affect chiefly the vital
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activity of the organisms—for example, of the marine bacteria

—

while they are nearly without effect upon the solubilities of the inor-

ganic matters which are adapted to becoming food for the vegetation.

It thus seems that the cause of the richness of cold waters and of the

poverty of warm waters should be sought in the difference of develop-

ment of the bacteria of putrefaction in the largest sense of the term,

and in the influence of these bacteria on the proportion of nitrogenous

compounds in the water.

Among these bacteria, the nitrifying bacteria exercise their function

in arable soil only at a temperature above about 5"^ C. (41° F.). In all

probability there are in the sea other sorts, nitrifiers and denitrifiers,

able to accommodate themselves to other temperatures. Still, in the

present state of our knowledge, we may assume that bacteria cease to

act at the freezing point, or a little below that point. But if denitri-

fying bacteria can not perform their function in cold waters, it follows,

almost necessarily, that polar seas must be richer in nutritive substances

than tropical seas. In a large part of the polar seas the temperature

of the whole liquid mass from surface to bottom remains even in sum-

mer, near 0-^. North of a line extending from eastern Greenland to

Norway-, through Iceland and the Faroe Islands, the temperature at

the bottom is generallv below 0° C. South of this line the tempera-

ture of the deep waters of the Atlantic is certainly not much higher,

because the cold water of the polar seas flows into the deep regions

toward the equator. But at 1,000 meters (547 fathoms) the tempera-

ture is already 4° to 5°, and for depths of less than lOO meters, as well

as along the coasts, it is notablv higher, so that the bacteria here find,

precisely as in the productive laA'ers of tropical seas throughout the

whole year, conditions favorable to their life. In the temperate zones

the destruction of nitrogenous compounds is too limited during the

winter and it is only in summer that it becomes important. Finally,

in the Mediterranean the conditions of life of bacteria are still more
favorable than in the Tropics, because a bar across the Straits of

Gibraltar prevents the cold water from entering. Hence, even at

great depths (of about 4.000 meters), there is alwaj's a temperature

of 1:2^ to 16°, which explains the development of bacteria in the whole

liquid column observed and the consequent striking quantitative pov-

erty in plankton of the Mediterranean Sea.

If we can not dismiss absolutely the idea of a denitrification that

can not be neglected in the ocean, it appears to me highly probable,

according to the observations hitherto made, that this decomposition

of the principal vegetable nutritive substances is preferentially accom-

plished in warm regions.
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By A. Radclyffe Dugmore.^

While book-illustrating has changed continually since printing was
first discovered, the greatest improvement has been made in pictures
of birds and animals. It is largely to the camera that we owe this

great improvement. The accomi^anying illustration of a stormy petrel
is a somewhat grotesque but yet a good example of the earlier work
of the ornithological artist. It is reproduced from The Natural
History of Birds, by Count de Bufi'on. printed in England in 1798.

Until quite recently only drawings were used for illustrations, and
with subjects such as birds ''the personal equation'' played so promi-
nent a part that one felt a certain sense of doubt as to the accuracy

even of fairly good drawings.

For my own part I had never been satisfied with drawings of birds;

and therefore, giving up the pencil, I followed in the footsteps of

those who were experimenting with bird photography. All my earlier

attempts were with mounted specimens, at first without any accesso-

ries. But the photographs seemed hard and unlifelike. Then I tried

placing the mounted bird in natural surroundings, either out of doors

or beneath a skylight. The pictures were fairly satisfactory, but still

there was no disguising the fact that the bird was mounted. The

eyes, and usually the legs, told the stor3\ The pictures were unsym-

pathetic; it was as though one had photographed the wax model of a

friend. The likeness was there, but the life was lacking. And there

was another objection; although to the casual observer the specimen

may appear well mounted, how rarely is shown the characteristic pose

so subtle and delicate in its infinite variety. But few taxidermists are

naturalists, and without endless study of living Inrds how can anyone

expect to know the attitudes assumed by the difierent species ( The

1 Copyright, 1900, by Doubleday, Page & Co. Reprinted, by permission, from The

Worlds Work, November, 1900.

*It is hardly necessary to tell anyone who looks at Mr. Dugmore's picture;^ repro-

duced here that they are all photographed from live birds. Many are wild birds

taken in the woods with "snap shots," by liard work and good luck, a.« explainetl by

the author.
5U<
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human eye itself is scarcely quick enough to take note of these things,

and it is to the camera that we must turn, and use it as eye, notebook,

and pencil. It was the realization of this fact that led me finally to try

the fascinating but difficult task of photographing the living bird.

To begin with, onl}^ nestlings were m}^ models, and I was delighted

with the results—no glass eyes nor dried-up legs to mar the picture,

but expressions as varied as they were beautiful, and positions entirely

different from those seen in mounted specimens. These successes led

me, of course, to attempt photographing the adult bird, and I made

many experiments with tame birds. It was necessary to have a place

arranged so that there might be abundant light; and to avoid same-

ness in the arrangement of the lighting, the contrivance must be

movable. I made a wooden plate form (supported on two light

wooden horses) about 6 feet long, and covered it with mosquito netting-

stretched on a light framework. The background was of wood,

to which could be attached paper or cloth of any desired shade.

The camera could be moved backward or forward and secured with a

tripod screw. Into this portable cage the bird w^as to be put, and as

there was only one perch—usually a stick or small branch of conven-

ient shape and size—I fondly imagined that the bird would sit pretty

nearly where T wished. But I was doomed to disappointment. When
I put the bird in, any place and ever}^ place suited him better than the

perch so carefulh' arranged for his special comfort. When a bird, no

matter how tame he may be, is placed amid new and unusual surround-

ings, he is at first greatly frightened, and therefore quite unmanage-

able. It usually requires some time to prove to him that the new cage

will not harm him. So I found my cage not altogether a success, but

by patience I managed to obtain some very satisfactory photographs.

THE. SPORT OF PHOTOGRAPHING WILD BIRDS.

It was not long before I was led to attempt the task of photographing

the adult bird in its wild state and in its natural surroundings. It was

then I began to appreciate the fascination of the work. Looked at

from an}'^ one of several standpoints, the photographing of wild birds

will be found equally satisfactoiy. As a sport it should take a high

place, for undoubtedly the skill as well as the perseverance and the

instinct of the hunter is a necessary requirement, and a successful shot

with the camera is far more difficult to obtain than a correspondingly

fortunate (on one side only) shot from a gun. Then, too, the accom-

lishment of one's desire leaves behind it no disagreeable taste to mar
one's pleasure. What true sportsman is there (and I speak neither of

pot hunters nor "game hogs") who, hearing the death bleat of a deer,

does not at heart wish his shot had miscarried? Then, as a means of

really becoming acquainted with birds, the camera is without an equal,

for to be even a moderately successful bird photographer, one must
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have an intiinato knowledge of the .subject; and the camera, in teaching
us to know the birds, must of necessity stinuilate our affection for these
useful and defenseless creatures. As a recorder of facts it is of great
scientific value, for it can not lie, and it records in an unmistakable
form every detail presented, whether it be the daily growth of a nest-

ling or the exquisite detail of the bird's nest.

It is, however, to the keen pleasure that may be derived from this

new sport that I would particularly call attention. Not only is there

the delight in overcoming difficulties (and they will be found both
numerous and varied), but there is the pleasure of being placed among
surroundings that are inseparable from this pursuit. A rich harvest

of interesting facts relating to the birds' home life may be gathered by
any observing person who spends much time along the hedge rows or

in the woods.

He who would hunt birds with the camera will rind that without

doubt the breeding season is the time best suited to his purpose, for

then the feathered housekeepers are restricted in their individual range

to a comparatively limited area. Having learned the situation of their

house, he ma}^ rind them at home when he calls engaged in attending

to their various domestic duties. The rirst thing to do after the intro-

duction, i. e., learning their name, is to obtain their confidence, and,

with birds as with people, there must be confidence if we wish friend-

ship. How easil}' one ma}^ gain this confidence depends quite as much
upon the individuality of the bird as upon the species. The fear of

man is inherent in all birds, but by judicious management this fear can

to some extent be allayed.

WINNING THE CONFIDENCE OE AVILl) BIRDS.

A great many instances have come before my notice of the change

in a bird's behavior from extreme fear and distrust to a degree of con-

fidence which, to the inexperienced, seems almost inconceivable. The

power to tame birds or animals is thought to belong peculiarly to cer-

tain persons. This may or may not be true, but from my own obser-

vations I am inclined to believe that tameness is a quality rather of the

natural disposition of the individual, bird, or animal.

With some birds I have spent days in trying to convince them that

I intended no harm, yet they placed not the slightest confidence in me,

and would not even feed their young if I were in sight. Others of

the same species became accustomed to my presence after less than an

hour, showing their confidence by coming to their young while I stood

in plain sight, within a few feet of the nest. It is in the difficulty of

familiarizing the Ifird with ourselves and the camera that we experi-

ence the greatest obstacle to photographing them.

Of the many delightful birds I have had the good fortune to know,

the worm-eating warbler family, whose portraits are shown in the
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accompanjang pictures, have afforded me the greatest pleasure, for

they become absolutely fearless of the camera, and they place a degree

of trust in one that was as unusual as it was delightful. Being anxious

to secure photographs of the young, I paid frequent visits to the nest,

and what a wonderfully concealed nest it was, tucked awaj^ in a small

depression and hidden by the roots of an oak sapling. It would for-

ever have remained undiscovered b}" me had I not b}' lucky chance

obser^'ed one of the parent birds visiting it.

Onh' at first did the owners object to ni}" intruding, and by various

methods did they try to coax me away from their home. First one

and then the other would feign broken wings, and, half rolling, half

scrambling, they would make their way down the steep hillside in the

hope of luring me away. Then, finding that I was not to be taken in

even b}' such an artful device, they endeavored to accomplish their

olijcct by scolding at me. In less than two hours they quieted down
and simply looked on in silence. The next time I visited the nest the}^

made no objection, and I imagined they recognized me and realized

that I meant no harm either to themselves or to their young, for these

had hatched since mj' last visit. Day by daj^ I came to watch the little

fellows, and they grew rapidly, as all young birds do. Finally they

wei'o ready to make their first venture into the great world that, should

no accident befall them, was to be their feeding ground for many years

to come.

SOME EXCITING EXPERIENCES.

As I looked into the nest the family of fledglings scrambled out as

though they had been scattered b}' some invisible hand, so nearly

simultaneous was their action, and in less time than it takes to tell it

each little mite of down and rust-colored feathers was hidden among
the dead, crackling leaves with which the ground was strewn. Though

I had tried my best to watch where each bird concealed itself, it was

some time before I collected them all preparatory to photographing

them. Of course the parents were greatly excited—birds always are

when their young first leave the nest—and when they saw the entire

brood captured bj^ one whom they had considered a friend, they seemed

to regret having placed so much confidence in me. But only for a

very short time did their doubts continue. As soon as I placed the

youngsters on a suitable perch they both ceased to utter that lisping

note of anxious protestation, and to show that they no longer feared

me they hopped about on the camera while I was arranging it.

When 3^oung birds (before the}^ can fly) are placed on a perch they

invariably fall ofi" almost as fast as they are put on, and there is usually

a bad one in the lot who positively refuses to sit an3^where he may be

placed. Not only does he fall ofl', but if possil^le he grabs one or two

of his small companions, and down they go together. These young

warblers were no exception, and off' they went, one after another.
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The had one proved to be very bad indeed, and he is .shown in onlv
two of the many photographs I made of the family.

While these pictures were being taken, one of the parent birds
stayed near by to watch over her youngsters, while the other went off

in search of food, for which they called contiiuially, and though I was
not more than 3 or -i feet distant, she fed them without troubling her-

self at all about my presence. Once she even perched on my hat and
used the camera as a half-way house, resting on it each time she went
back and forth to supply the tiedglings with food. Unfortunately the

light was not very good for instantaneous photograph}^, but such an

opportunity for securing pictures of this comparatively rare l)ird was
not to be missed, so I made many exposures on her and her young,

with fair results.

From a photographic stand point they are, of course, faulty, hut the

su])ject is sufficiently interesting to warrant one's overlooking these

shortcomings. The light had grown so weak by the time I had made
about fifteen exposures that I was forced to abandon any further

attempts with the camera for that day. Sitting down on the ground,

I placed the 3"oung warblers on my lap to examine them carefully.

Imagine my surprise when both the parent birds came on my knee,

first without and then with food for the j^oungsters. It was quite a

novel sensation, and one that was more than enjoyable. It was posi-

tively thrilling.

Knowing from past experience how skeptical people are when told

of anything that they themselves have not seen, I made up my mind

then and there to pay my warbler friends another visit early the fol-

lowing day, and photograph the old one on my hand. The day was

fine, and I was fortunate enough to find one of the young ones, who

could now ffy a little, perched on the low branch of a small bush. One

of the old birds was hunting busily for insects. Seeing me pick up her

baby, she ffew toward me, but did not object in the least to my taking

temporary possession of it. So I felt sure that she recognized her

friend of the previous day. A few moments sufficed to arrange the

camera in a place where the light was bright, and when all was ready

to my satisfaction, I took the little fellow, who had been quietly sleep-

ing in the warm sunlight, and set him on my finger.

Soon he called lustily for food, and it was strange to see how (piickly

his parent heard and understood. In a minute or two she came hur-

rving along, carrving in her beak a daddy-long-legs, and, after paus-

ing on the camera to see that all was right, she ffew on my hand, and

calmly fed her hungry little one. AVith my disengaged hand I

pressed the bulb, and a picture was secured.

The daddy-long-legs served only to whet the appetite of my small

friend, who cried out eagerly for more. Again the industrious pro-

vider went off in search of other and larger insects. She was away

SM 1900 36
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for yoiiic time but what whe brought back fully compensated for the

lout];- wait—of perhaps four minutes. It was nothing more nor less

than a huge brown grasshopper, nearly as long as the small bird him-

self. Again was the camera used as a halting place and again did she

fly on my hand. Hungry though the little fellow may have been, he

was unable to swallow so large a mouthful, and he dropped the grass-

hopper into my partly closed hand. Unfortunately I hiid just pressed

the Ijulb and Avas therefore imable to take a photograph of the inter-

esting proceeding that followed.

Quite naturally the mother liird was anxious that so bountiful a sup-

pl\^ of food should not be wasted, and she stood on my thumb and,

bending down, so that her head was inside my hand, extricated the

prize. Then she proceeded to break it into pieces of suitable size, and

with th(;sc she fed her quivering and impatient little ofl'spring. Dur-

ing the morning I secured a few more photographs of these interesting

birds, and then returning the youngster to the bush whence I had

taken him, I left the pair in possession of their hillside estate.

SOME INTERESTING DISAPrOINTMENTS.

I then went to pay a visit to an ovenbird whose l^eautiful dome-

shaped nest was hidden among the dead leaves in the woods near by.

She was at home when 1 called, so I decided to photograph her. Unfor-

tunately the roof of the arched nest cut off the light so that under

existing circumstances a good picture could scarcely be hoped for. A
small looking-glass, however, served to alter things, b}'^ throwing the

sunlight into the nest, so that only a very short exposure was necessary.

]My mind was fully made up to make the further acquaintance of

this little thrush-like warbler after the arrival of her brood, for it is

then that one can really know a })ird. The day arrived, and the four

little trembling pink l)odies had taken the place of the speckled eggs.

They were too small to photograph then, so I left them for two days

and then made one photograph, thinking that later on, as they grew

stronger, I should be able to photograph them at diflerent stages of

their growth. But this was not to be. As 1 approached the domed

nursery I was greeted by the pitiful complaining note of the pair of

ovenbirds. That was not the way in which they usually greeted me.

I feared the worst, and my fears were realized. In place of the nest

there was only a tangled and shattered heap of weed stems and dry

leaves—the materials that but a few hours before had constituted a

beautiful example of bird architecture. In the soft earth, within 30

inches of the ruins, was the print of a cat's foot Sick at heart, I left

the scene of misery and desolation, vowing an awful vengeance against

cats in general.



Smithsonian Report, 1900.—Due'n-'O'e.
Plate V.





Smithsonian Report, 19CD.—Du^more.
Plate VI.

Copyright, 1900, by A. B. Vugmore.

A DISREPUTABLE PaIR.

Screech owls, photographed from life.

Copyright, litUO, by A. tt. Dugn

Screech Owls.
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Plate VIII.

Copyright. lUOO, Oy j. K. Dugmore.

Bringing Home Provisions.

Female Indigo bird, on stalk of Queen's lace
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Plate IX.

Cupyriyht, lUlJO, by A. K. Duffmorc.

The same Indigo Bird (see Plate Vim and One of
HER Children, on Stalk of Black Cohosh.
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Plate X.

Copyright, 191X1, by A. R. Dugmore.

Scolding the Intruder.

A wild, worm-eating warbler, talien as slie •i)rotests against tlie autlior"s proximity to lior young.
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PHOTO(4RAPHING NESTS AND NESTLINGS.

To photog-raph the nest containing eggs is usually a coniparativel3'
easy matter, as a long exposure may be given. The best results are
obtained when a gray day is chosen, as the light is softer and more
diffused, so that all the details, both of nest and eggs, are clearly shown,
A very different task is the photographing of the young- in the nest,
and the resulting pictures are seldom what one hopes for. The rea-

sons for this are obvious. The young are never quiet even when
asleep, owing- to their rapid respiration. This precludes a time expo-
sure, and this in turn prevents the use of anything but a large dia-

phragiu; therefore, as the distance from the near edge of the nest to

the bird farthest away is several inches, only a small part can l)e in

focus, while the rest is a blurred mass. If the light is sufficiently

l)right, the ))est results may ])e obtained when the nestlings raise their

heads for food, as each bird is then more clearly defined, instead of

being part of a shapeless, heaving mass. This applies more particu-

larly to the photographing of small birds, as the camera, with a lens

of ordinary focal length, has to be placed very near the nest, with the

consequent lack of depth of focus that is unfortunately inseparuhle

from such conditions.

To photograph the parent bird sitting is difficult or easy, according

to the disposition of the bird, which varies not onh* with the different

species, but with individuals of the same species. Usually the brown

thrasher, the wood thrush, or the catbird, will sit close, and allow the

camera to be placed within a few feet of them while they an* on the

nest; l)ut I have seen exceptions, which go to prove that success

depends largely upon the peculiar disposition of the ))ird itself. Peo-

ple think as a rule that, because a bird builds its nest in the immediate

vicinity of a house, it is necessarilv tamer than one that chooses the

quiet seclusion of the woods. This has not been my experience, for

the tamest birds I have ever known were those that nested in i)laces

comparatively remote fi"om human hal)itation.

When the ffedglings leave their nest, the l)ird photographer should

be on hand, for then it is that he can obtain the best pictures, as the

youngsters may he put on any perch that best suits his fancy, and a

place where there is sufficient light may be chosen. For the lienefit

of those who might wish to try their hand at this fascinating branch of

photography 1 give the following suggestions:

SPECIFIC DIRECTIONS.

Select a branch or briar of suital)le shape and size—and young birds

prefer a fairly thick perch. This should be arranged so that it will

not be swayed by the wind, lest the branch move and the birds he out
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of focus. Bright sunlight is necessary, as the exposure must not

exceed one-fiftieth of a second. With such a short exposure the shad-

ows are likely to be lacking- in detail, so it is advisable to place l^eneath

the birds a white cloth, and this should be tilted to such an angle that

the reflected light shall strike those parts of the birds that are in

shadow. If the natural background is not strongly sunlit, it will be

an advantage to use a white or light-gray cloth as an artificial back-

ground, but it should be placed at a reasonable distance from the birds;

from 4 to 8 feet will answer. Now place th(^ little fellows on the perch

and arrange the camera, remembering— if you wish to photograph the

parent bird with her young—to leave sufficient space between the

young birds and the edge of the plate, so that no matter on which side

the old one comes to feed them the camera will be in readiness. All

that remains to be done is to attach a long rubber tube to the shutter.

Then sit down in an inconspicuous place and wait patiently until the

old birds have full}" convinced themselves that no harm is intended.

Then they will venture near the camera and feed their hungry ycung.

An}' one who uses the camera as a means of studying bird life will

undoubtedly be surprised to find how marked is the individuality of

birds. Not by casual observation does one discover this, but in the

intimacy with the birds that one acquires when one watches for hours

at a time the ])ird upon whose nest or young one may happen to have

the instrument focused.

A camera, to be rigid and sufficiently durable to stand several sea-

sons of field work, must be fairly heavy, though not of necessity

large. A sufficient size for most work is 5 by 7 inches, while some

even prefer one as small as 4 by 5. This latter is correct in size and

proportion for those who wish to have lantern slides made from their

negatives, and is certainly far l)otter adapted to all whose enthusiasm

is limited, and who do not wish to overburden themselves.

For my own part I use the 5 by 7 almost exclusively, and frequently

I wish it were larger, particularly when the subject to l)e photographed

is the parent bird feeding her young after they have left the nest.

Place four or five fledglings on a branch, leaving sufficient space on

either side to allow the old bird to stand, and reduce all this interest-

ing material down to a 5-inch space, and you will realize the advantage

of even the extra '2 inches allowed by the 5 by 7, How many times

has it happened to me to have the father or mother bird perch just out-

side the limits of my 5 by 7 plate, and assume some attitude that I was

most anxious to catch; and again how often has the plate through its

limited size cut oft' part of the adult bird. In such cases I long formy
larger camera which, on account of its weight, has been left behind.
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PIIOTOGRAPHlNf} WILD ANIMALS.

Turning- now from pictures of birds to pictures of animals, wo find

that, owing to tlie difficulty of obtaining good photographs, drawings
are still used almost exclusive^. The field for camera work here is

enormous, but unfortunateh^ the difficulties are so numerous and over-

whelming that good results are obtainable only after ahiiost endless

labor, and l)ut few can give the necessary time. Of course this refers

to animals in their wild state, ])ut there is another field that has been
as yet only lightly touched, and that is photographing animals that are

in captivity. This is a task that is comparatively easy; ])ut if really

good pictures are desired, it will not l)e found quite as simple as one

might believe.

The three essential things to he. considered are: First, th(> pose of the

animal. This is extremely important, as a position should be chosen

that is characteristic of the species. Secondly, the arrangement of the

surroundings. A bad foreground will surely ruin a picture; so, also,

will the introduction of a fence or any similar oliject in the back-

ground, and the greatest attention should be given to the composition

as a Avhole. Thirdly, the light. This is important, for it will make or

mar the picture. When a very short exposure is given, the fewer

shadows there are the l^etter will be the result; but in cases where an

ample exposure is possible, the light may be arranged entirely with

regard to the pictorial effect. It will ))e readily seen that the mere

snapshot has no more place here than it has in live-bird photography.

A good picture, whether made with a camera or the pencil, is the result

of study and careful arrangement, and only in very rare cases is it the

result of chance. The several photographs of prairie dogs here shown

were made in the National Zoological Park (Washington), ])ut, so far

as the backgrounds and surroundings are concerned, they might well

have been taken on the great prairies of the West.

Up to the present time my experience in photographing wild animals

in their native haunts has been very limited. The animal to which I

have devoted the greatest time is the Canadian porcupine. For nearly

two weeks I stayed in the Adirondacks where they are abundant, and

during that time 1 made photogi-aphs of these prickly fellows in nearly

every possible position -on the ground, in trees, and in the water.

The accompanying photograph of the woodchucks is a fairly lucky

shot. Unfortunately the animals' feet are nearly hidden by the light

white sand excavated from the l)urrows; but one must overlook such

small defects in pictures that are so difficult to obtain. This photo-

graph was taken while I was looking for porcupines in the Adiron-

dacks.

The picture of Mrs. Mouse (white footed) and Iht lanuly is another

of the lucky shots, so few and far between.
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Ci-'i'!j fight, rjUJ, hy A. li. Dutjmore.

Cedar Bird eating Wild Cherries.

This gourmand, of course a wild bird, was can,i;ht just as lio had picked a

luscious cherry, and was about to toss it in the air preiiaralory to

swallowing it.
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Hesitation. Ready to disappear.

Photographed at the National Zoological I'ark, Wa.-Iiiugtoii.
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A Wild Porcupine.

Photographed in the Adiroiulacks.
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Copyright, 1900, hy A. 11. Vvgmore.

The Author photographing a wild Biro on his Hand.

This worm-eatiiitc warbler wa.s a wild bird which Mr. Dugmore in a iVw days got so

used ti) his jireseiue that she would bring her young food while on his hand. At
the proper inonieiit the bulb of the rubber t\ibe running to the camera was pressed
with the left liand.
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THE OUTLAW; A CHARACTER STUDY OF A BEAVER
WHO WAS CAST OUT BY HIS COMPANIONS.^

By a. Radclyffe Dugmore.

[Mr. Dugmore's extraordinary photographs of wild birds and animals in their

daily occupations have already attracted much attention. He seems to have a

peculiar faculty, like Thoreau, of making friends of all sorts of wild creatures; in

two days in the woods, for instance, he will get such a wild bird as a worm-eating

warbler so accustomed to him that she will feed her young on his hand, having her

picture taken at the same moment ! This story is the first of a series which will give

'character studies" of different animals with whom he has become acquainted,

along with reproductions of the author's surprisingly lifelike and interesting photo-

graphs. It is the most intimate and illuminating sort of natural history. The pic-

tures reproduced herewith are particularly notable, as they are perhaps the first good

photographs of beaver ever secured, the nocturnal habits and shyness of these ani-

mals making them peculiarly difficult subjects for the animal photographer.—Every-

body's JNIagazine.]

It would be difficult to imagine a more pathetic sig-ht than that of

this poor old beaver, living in a land of many animals and yet so

entirely alone; within sight of his comrades, yet not among them;

unable to join in their games and their work, living his lonely life

like a prisoner, within sight and sound of his fellow-beings, but sepa-

rated ])y a Ijarrier as strange as it was secure. This was the animal

that appeared after I had been watching for an hour or two in the

beaver inclosure at the Washington National Zoo. T4iere was a

movement in front of the large Inirrow opening on the water, and a

head peeped cautiously out, to see that all was safe for the owner's

regular evening exercise. The sun had long since disappeared behind

the hill, and everything had the quiet hush of evening. The deep

roaring of the lions and tigers, and the more distant ])arking of the

seals, alone disturbed the silence, when the beaver believing himself

to be alone, plunged noiselessly into the water, dived beneath the log

that lay partly submerged but a few feet from the entrance of the

burrow, and reappeared in the middle of the small pond.

Almost like a short piece of driftwood he lay, his dark, head-like

eyes gazing intently at me, where I stood in the shadow of a small

1 Copyright, 1900, by Doubleday, Page & Co. Reprinted, by permission, from

Everybody's Magazine, March, 1901.
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tree. Observing- no inovcinent, and not ])eing' of a suspicious nature,

he soon swam ashore, and immediately walked, moving for all the

world like a large, smoothly coated Canadian porcupine, straight to

the corner of the fence that separated him from his relatives. Once
there, he stood on his hind legs and tail, and with front feet resting on
the horizontal bar, he gazed with a longing, wistful expression at the

lodge in which the other heavers lived. Never surely was loneliness

shown more eloquently than by this animal as he stood there, the very

picture of solitude. For ten minutes he remained thus, motionless

except when, as though no longer able to endure his misery, he would
bite the hard, cold bars of iron, as he had bitten them every evening

during three long weary months. Did he imagine that, perhaps, some

day he would find the bars had softened and would yield to his chisel-

edged teeth—teeth that, were he in his native wilds, would work
their way through anything save the stones or the cruel metal of the

steel trap?

Wishing to examine more closely this interesting animal, I

approached quietly, hoping not to disturl) him; ])ut he felt uncer-

tain of my intentions, and before I had lessened the distance between

us by more than a few steps, he dropped on all fours, and after

regarding me curiously for a minute or two, turned and made for the

water. Once there he felt more secure. Usually at the least sign of

danger he would slap the water loudly with his large, flat tail as a

warning to his friends, and then instantly disappear from view and

retreat to the privacy of his gloomy burrow. This time, as the dan-

ger did not appear to be imminent, he contented himself with diving

silently, coming to the surface at the farther side of the pond, from

which place he watched me.

Soon, however, his curiosity got the better of his natural timidit)^

and he swam Ijack toward his regular landing place, which was as

clearly defined as an otter\s slide. He swam slowl3% stopping

repeatedl}" as though in doubt of his visitor's intentions. Suddenly,

and with no apparent reason, he concluded there was no cause for fear,

and immediately came forward, landing within 2 feet of where I stood.

Once on shore, he again doubted the wisdom of his course and hesi-

tated, not quite liking to pass so near a human being. Sitting half

erect on his hind legs, with his small forepaws held close beneath his

chin, he carefully watched me, while his nose moved slowly, as though

he were trying to scent an enemy.

A few minutes sufficed for this examination, by which we estab-

lished a certain degree of mutual confidence at once pleasing and use-

ful, for I hoped on the following day to take a few photographs of

this newly acquired friend, and of course it is highly desirable that

one should be on a footing of trust with one's model, especially when

the latter has the retiring disposition of the beaver. It was rapidly



Smithsonian Report, 1900.—Outlaw Beaver. Plate I.

Cdpi/rifilit. WOO. bji Doiiblnku/, Paged- Co.

The Outlaw.
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The BEAVER'S Lodge.

Ciipurhjlit. I'MU, 1)1/ A. /.'. Dminiiin.

" The Lodge is outwardly a Mass of loose Sticks.'
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becoming- dark—too dark, indeed, for nie to distinouish much more
than the general form of the animal; so I left him to his thoughts,
intending to visit him again before the next setting of the sun.
When the beavers were brought to the Zoo, they were given for

their new home an inclosure of perhaps 2 acres. This was part of a
very small but well-wooded valley, through which ran a stream of
insignificant size. It was so small that the beavers were unable to
swim in it, so they immediately commenced building a dam. To do
this, the trees, which up to this time were unprotected, were felled by
these industrious little woodcutters and engineers and the ])ranches cut
into convenient lengths so that they could be pushed or cirried to the
scene of their operations. These branches formed the main part of
the dam, while mud and roots dredged from the bottom of the stream
were used to fill in the holes, and render the entire struc-ture water-
tight. The upper part was carefully covered Avith mud which was
carried there in the animals' hands. To realize fully how much Avork

this required one nuist see for himself this dam, which contains prob-

ably more than 30 tons of material.^ It was soon found necessary to

protect the trees still remaining uncut (no tree of ordinary size is safe

from the beaver's teeth, stumps of trees 2 feet in diameter being fre-

quently found cut down by them), and these were covered near their

])ases Avith heavy wire netting. But the beavers, nothing daunted, suc-

ceeded in cutting into the wood in spite of this precaution; so the net-

ting, supported l)}^ iron rods, was finally placed at a distance of several

inches from the tree trunk. In this way the trees were saved, but the

beavers still needed l)uilding material, as the dam was not yet large

enough to make their pond as they wished it. More branches were

therefore supplied, and cartful after cartful was used up before the

main dam and the three auxiliary dams were completed. It was late

summer by this time, and there was still a house to be built, and that,

too, with as little delay as possible. With the arrival of cold weather

all building operations must cease, as the mud becomes frozen and too

hard to work. The house, or lodge, as it is more properly named, is

outwardly a great mass of loose sticks, some of which from their size

might be called logs, filled in with earth and roots and plastered over

with mud. In the center there is less mud, the sticks and twigs form-

ing a partly closed flue, which serves as a ventilator. Inside the house

all is darkness: the walls are rough, but the floor, which is raised a

few inches above the level of the water, is firm and smooth, of fine

twigs beaten into the earth. I'he entrances—for there arc usually two

or more—are several feet beneath the surface of the water. What

impresses one on seeing the lodge and dams l)uilt ])y the beavei's in

the Zoo is the fact that in no way do they diflVr from those found in the

most remote parts of Canada.

' This is but a rough guess, and is probably far short of the actual amount.
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^^'itll thourrivul of sprint- it wust'oinid that the Ix^uvorsliiuliiu'ivusod

ill nuin])ers, vorv imu'h to the delight of all coiu'in'ned; Imt the follow-

iiio- year, whoii thov \voro all full-grown, the rules and regulations of

beaverdoni were jnit in fore(\ It was decided that there was one

beaver too many, and aeeording to tluMr laws he must either betnke

himself to some other locality or subnut to an untimely death. Now,
the victim chosen whether by ballot or l)v what other means, Avho

shall sayi'—was our old friend, and as it was impossible for him to

leave the colony of his own accord, death woidd have ])een his lot had

he not been saved by the keej>er. For a short time he was kept in a

cage, until a suitable place could be mad(> n^ady. and the })lace selected

was the inclosure in which I found him leading his lonely life,

Reinga solitary l)achelor, he had not as yet gone in for regular house-

keeping. Perhaps he thinks it scarcely worth while building a house

until he has a mate. As it is. he has made a burrow in the bank with

the entrance at the level of the water. In this he spends his days, sel-

dom coming out at all before sunset, and freiiuently nnich later. On
leaving his underground house he invariably goes directly to the fence

cornel", where he stands watching his former companions for as nuich

as half an hour at a time. They, on the contrary, seldom i)ay the least

attention to him.

On the oci-asion of my setond visit T l)rought my camera, though I

was told how little thance there Avas of being able to secure i)hoto-

graphs of him. and certainly the conditions were far from being

favorable. It was nearly .") o'clock (November 1) before he made hi.-^

a])pearance. and then, as on the previous day. after emerging from his

undergrounil home, he lay. log-like, on the wat(>r. taking in tlu> situa-

tion before venturing ashore.

After satisfying himself that all was well he landed, and walking

past the t-amera (which had l)een placed in position on tiie chance of

his following his usual routine) took his plac(^ at the fence corner.

There he stood erect as on the previous day, watching vainly for his

old playmates, who had not yet made their appearance. From their

lodge came the sound of nuitHed voices. Evidently they were holding

an animated conversation in beaver language. It is a strange-sound-

ing tongUi> like a mixture of subdued children's voices and the crying

of a very young pupjiv. Whether or not our ])eaver understood the

drift of their discussion would be dithcult to say, l)ut certain it is that

he seemed to be very much interested by it all.

While he stood there, showing no sign of movement. I was aide to

make several exposures. })ringing the camera nearer each time. When
within about 5 feet he turned around to examine the queer one-eA^ed

machine that approached so quietly on its three legs. Evidently he

was puzzled, without being frightened, for after a few seconds' delib-
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He discovered a nice Green Stick on which some of the Bark still remained."
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eriitioii he decided to satisfy his curiosity by coiiiino- straio-ht for the
cainci-a, slowly at first and hesitating- slightly at each step.^ Each leg
of the tripod was carefully scrutinized and found to be harmless; so^
resting his hands on one of the tripod legs, he raised himself and took
a good look at the camera itself. His nose must have discovered some
new odor, for he sniti'ed at it, tirst on one side, then on the other.

Presently bis attention was attracted to the rubber ball belonging to
the shutter. This was swinging at the end of the tube, and he thought
that, perhaps, it was something new in the way of food. In another
moment the bulb would have been rendered useless, as it would have
been ([uickly punctured with his sharp teeth. At this critical moment
1 had to interfere, very much to the old chap's disgust.

Wishing- to make friends with this strange animal, I sat down near

the camera. At once he came so close that I could put my hand on
his soft, furry back, wondering- at the same time what would happen
if he should take it into his head to use his teeth, for with their extra-

ordiiiar}' strength and sharpness the amputation of a linger or two
would have been the work of but an instant. There was, however, no

need of fear, as he was a very well-meaning old fellow, and contented

himself with walking slowly round me, stopping- occasionally to sit on

his hind legs and take a general surve}' of the curious being who went

about with such a queer three-legged companion.

Satisfied that he might safely leave me for a short while, he went to

his corner, and after looking for a few minutes at his neighbors, who
were swimming about in their pond, he walked down his path to the

water's edge and in his own peculiar, noiseless way plunged in. Very

soon he discovered a nice green stick upon which some of the bark still

remained. This he brought into shallow water, and, holding it with

his two front paws (hands they should perhaps be called), proceeded

to make a meal ofi" the laark. This may seem a very unsatisfactory

sort of supper, yet he enjoyed it. But a few minutes were required

to strip the stick, after Avhich, as he had no house to build, it served

no further use and was left in the water, while the animal swam roimd

the pond, making a tour of investigation, which resulted in his finding

nothing more that was suited to his taste. So coming ashore, near

where I stood, he commenced his evening toilet.

This was an interesting sight to watch. To ))egin with, instead of

sitting with his large, fiat, ril)l)ed tail protruding behijid him. he tucked

it forward between his hind legs and sat upon it. Then with his hand

he carefully combed his long hair, using both hands at the same time.

There were many places, however, that could not be reached in this

way, for his arms are very short and his body ^'ery large; so he combed

these otherwise inaccessible places with his hind feet, using first one

and then the other. The entire operation was performed with the
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utmost deliberation and rare, and occupied more than a ({uart(>r of an

hour, so that ])v the time it was completed (hiylijiht had ahnost van-

ished. My presence did not appear to disturb him in the k^ast, though

I sat on the ground within 3 feet of him, that I might the better note

his various attitudes, for it is not often one has an opportunity of

watching a beaver at such close range.

He had just completed his toilet when the night watchman, whose

duty it is to feed the nocturnal animals, arrived with a basket of stale

bread and fresh vegetal)les. These he threw into the inclosure, the

vegetal)les on the bank, and the bread into the water. Mr. Beaver

well und(U'stood the meaning of these splashes, and as soon as the

keeper had disajjpeared he plunged into the water, utterly regardless

of his newl}' dried jacket, over which he had taken so nnich trouble,

and seizing one of the half loaves of bread in his hands, swam to a

shallow part of the pond to eat it. He tirst held the loaf in his hands,

nuich after the manner in which a scjuirnd holds a nut; but the soaked

bread fell apart, so he made a bowl of his hands and lapped the wet

crinn))s out of it. In this way not a particle was lost.

Piece after piece of bread was eaten in this manner, when he came
ashore and made short w'ork of the carrots and potatoes. It was quite

dark by this time, and as it was impossible to see anything more, I

was obliged to leave him, with the hope that in the near future I might

continue the acquaintance so pleasantly ])egun. B}^ that time, let us

hope, he will no longer })e solitary. l)ut will have taken to himself a

mate whose disposition will be as good as his own; then a house will

be built, and the two will live as well-regulated and happy beavers

—

and human beiuirs—should.

-r(cri>j<—



A notablp: advance in color photography.'

'It is now possible for a newspaper correspondent in China to

take snap shots in his ordinary camera, fitted with a newlj^ perfected
screen; to send the negative to New York, and there have the picture

reproduced in all its original colors, the printer having no previous
knowledge of the colors themselves."

This is the somewhat startling claim made by two Americ-an invent-

ors, Mr. C. L. A. Brasseur and Mr. Sel)astian P. Sampolo. A sample

of their work showing the progressive steps of the method will be found

as a special insert in this issue of The World's Work. It opens up a

whole new world of possibilities in the field of illustration, the modern
development of which has been one of the seven wonders of our time,

though we who are in the midst of it all hardly realize the fact. In

an hour to-day anj^one with eyes can learn more about the externals

of China and the Chinese, for instance, than would have been possible

b}^ any conceivable means short of a visit to that country twenty-five

years ago. The causes are improved photographs and the consequent

extension of illustration in newspapers, magazines, and books.

But so far as color is concerned we are almost as badly off as our

forefathers. The camera is not only ineflicient, but often an astound-

ing liar in its reports of the colors upon which it looks; and the suc-

cessful accomplishment of what Messrs. Brasseur and Sampolo

believe they have done would soon work most revolutionary changes

in the matter of making pictures.

Every reader of current magazines and books is familiar with the

results of what is known as "three-color Avork."

With all its present shortcomings, this process may fairly be credited

with having done more than any other influence to give us satisfactory

colored pictures at a reasonable price. Truth of form it achieves

absolutely, photographically; and its defects are due to the mechanical

difiicuH-' f applying an absolutely correct theory.

d-color work has limitations that have greatly hampered its

devfci-., ..lent. Roughly speaking, the process consists in making three

differr-nt half-tone negatives through as many colored screens—that' is

to say, the object or painting is placed before the camera as if an

ordinary black and white half-tone (the usual sort of magazine illus-

tration nowadays) were to be made; but between the lens and the half-

tone screen is placed a piece of glass of a peculiar yellowish color;

^Reprinted, by permission, from The World's Work, December, 1900.
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and then from this negative a printed ])lock is made by the usual

method. A second negative is made through a screen of red glass, and

a third through a lilue screen, plates being similarly ol^tained from

each. By printing the phite made through the blue glass in j^ellow

ink, that made through the yellow screen in a reddish ink on top of

it, and the third in a blue ink on top of these all the original colors are

produced.

Such at least is the theor}^ and when proper pigments and exact

registration are employed the rcsidts are l)C3'ond criticism.^

As can be seen, this method is most cuni))ersome and the picture or

object to be reproduced must ])e taken to the engraver's gallery. The
exposure for the blue plate alone reipiires from live to thirty mimites

(a year or two ago it was frequently over an hour), and the other colors
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of an old theory by ruling glass screens with infinite fineness and accu-
racy and in breaking up the original negative into three, from which
plates can be made to print on ordinary paper.

All makes of ruled polychrome screens can be used to obtain the nec-
essary negatives for the Sampolo-Brasseur process. The best are those
ruled in lines in groups of threes, one line being in a reddish orange
color, one in a yellowish green, and the other in a blue-violet color.
These colors may vary somewhat, as the dry plates of different makers
are not equally sensitive to the various colors of the spectrum. In
case of a serious departure from these colors, corresponding changes
nnist be made in the printing inks used.

The screens made by Mr. Brasseur have 581 lines per inch, with no
mistakes in any inch of more than one fifty-thousandth of that space.
Having obtained the necessary negative, a positive on glass is made.
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Fig. 3.—Black and

white screen placed
over positive and show-
ing only one of the pos-

itives.

Fig. 4.—First step in

making negative. Only
one-third of the plate

is covered, and prints

from this could not be

properly superposed.

Fig. 5.—Completed neg-

ative of one of the im-

ages. Entire surface is

now occupied by image
which on original only

occupied one-third.

This positive is apparently no different from ordinary positives, but if

it ])e examined under a microscope it Avill be found to consist of three

interwoven images, corresponding with the three sets of lines of the

taking screen. (See Fig. 1.)

Suitable printing plates must now be made from each one of these

interwoven images. This is done ])y placing a black and white screen

(fig. 2) over the positive in such a way as to hide two of the images

and leave only the third one visible, say the yellow. (Fig. 3.) A half-

tone negative is made of this (see fig. 4), and during the exposure the

most important step occurs; the negative plate (see fig. 4) is moved

continuously until the image which occupied the one-third of the plate

occupies the entire surface. (See Fig. 5.)

This is essential, as to obtain the proper colors the prints must be

superposed and not juxtaposed, as they were in the original positive.

The screen (fig. 3) is now shifted the width of one line, covering up

the image ol which a printing plate has been made and exposing a new

gM 1900 3T
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image, say the red one. A plate is made of this one and the operation

is repeated for the third image—the blue one.

Not only does this new method give an infinitely extended range to

color photography, but the black and white prints are far superior to

ordinary ones, as the color values are reproduced with absolute fidelity.

In an ordinary photograph of the American flag, for instance, the blue

would come almost white and the red black—a falsification of values

entirely corrected by the Sampolo-Brasseur method.
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THE BREEDING OF THE ARCTIC FOX.'

By Henry de Varigny.

The taxononiic position of the arctic fox has been the subject of

a j(ood deal of di.scu.s.sion, which perhaps is not yet closed. It appears,

however, that, for the naturalists, at least—the furriers thinking

differently—there is no doubt about the matter; the arctic fox, being

a perfectly characterized species, Vuljjts l/u/ojji/s^ the isatis of F.

Cuvier and Gnielin. On this point authorities agree, such as St.

George ^livart, in his monograph on the ((inhhv^ and our distinguished

collaborator, Truessart, in his Catalogus Mammalium.
The arctic fox inhabits the Arctic zone, Spitzbergen, Greenland,

northern Siberia, Nova Zembla, and the northern part of Noi-th

America; in short, the extreme northern parts of both the Old World

and the new.

The species is curious in several respects. Of all the canidm it is

probably the only one which, in certain regions at any rate, performs

regular migrations, as Richardson's observations show that it does.

The arctic fox is said to live in societies or communities of twenty or

thirty families, in groups inhabiting the same number of holes or bur-

rows in one neighborhood. In winter they go south, driven away by

the cold and by the consequent scarcity of food, keeping usually near

the coast. According to Parry, they begin to quit Melville Peninsula

in November. In January very few remain behind. The southern

limit of their migration varies. Along the coast they advance farther

than they do in the interior, sometimes reaching north as far a.s the

parallel of 65^, and they have been seen as far south as 59°, exception-

ally even at SS'^. Like other foxes, they are carnivorous. But what

game can they find in winter? The birds of passage are gone. Not

one is left. Yet the arctic fox does not hibernate. He retains all his

activity throughout the long polar night, and to sustain this activity

he must get food. Mr. Alfred Newton, who observed these foxes in

Spitzbergen in 1863, asked himself whether they did not perchance

lay up provisions during the fine season. But if so, where would these

'Translated from Revue Scientifique, 4th Herien, vol. U, September 22, 1900.
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hidden stores be. which nobody had ever seen i One da}' Mr. New-

ton came across a heap of shells of fresh-water mussels, 3fi/a truncata^

in the moraine of a glacier^ and it occurred to him that it might be

the IjdJtX'enmoddlng of some fox, the leavings of his winter meals.

He thought that foxes might very likely store up in sunnner some

provisions, mussels for instance, which they would use in winter.

This hypothesis has been amply confirmed, at least in certain

respects. It is evident that if the arctic fox made sufficient pro-

visions, he would not have to migrate in winter. But, on the other

hand, it is certain that he gathers enough to last him for some time.

H. W. Feildeii put this l^eyond doubt in 1875, during the Narcs expe-

dition. Having shot a fox, he noticed that little lemmings came out

of their holes all about, and began nibbling loaves and blades of grass.

But there were also quantities of dead lemmings, and these had died

violent deaths, namely, from a fox's bite in the skull. Looking

nearer, adds FeildiMi. he was surprised to rind numerous accuinu-

lations of dead lenunings; in a c-orner, a little way oft' under a

rock, he found a pile of more than oo of them. Caches of 20

to 30 carcasses eai-h were lunnerous; and th(> giound was pierced

with man}' holes, each containing several carcasses of lenunings

covered with a little earth. One hole he found to be stufted with

the greater i)art of a hare. Here is an interesting case of reciprocal

action. For where the caches of lemmings were numerous the ground

wa^, of course, richer in fertilizing matter, so that the vegetation was

more abundant, and this relative exuberance of vegetation, of course,

attracted mon* lemmings. Thus, the behavior of the foxes favored

the multiplication of lemmings about their burrows; and they could

not have contrived anything more ingenious if they had acted delib-

erately.

The arctic fox is not astute. In this respect he is markedly inferior

to his cousin of the temperate zone. He can ))e caught in the same

trap where he had been made prisoner only a few hours before. He
does not fear man, with whom, it is true, he has but an imperfect

acquaintance, which partially explains his freedom from timidity. On
seeing a man, he retires to a little distance, stops, and scrutinizes the

newcomer long before he finally takes his leave. He is easily domes-

ticated, is not rancorous nor malicious, and is gentle and confiding.

He is free from the odor of the fox. He is most cleanly, extremely

careful of his person, and will not foul his lair.

Captain Lyon, who, in the eighteenth century, during two winters

passed on Melville Peninsula, observed the arctic fox at close quarters,

relates that when this fox is given anything to eat, his first impulse is to

hide it as soon as he can, no matter how hungry he may be, even if he

\s alone and has no companions in captivity of whose probity he might
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be disposed to entertain some doubt. In such cases he makes great
use of snow; for nothing is easier than to heap it up over the hidden
store, and then to press it down hard with his nose. A captive fox
often used an ingenious stratagem when he had no snow at his com-
mand. He would take the whole of his chain into his mouth, and then
carefully wind it up on the ground so as to hide his meat. When he
went awav, satisfied with having accomplished his object, he would, of
course, unwind his chain, and expose the meat. Thereupon, he would
go at it again, as before, with the utmost patience, recommencing five

or six times in succession, until, at last, tired of this business, he would
make up his mind to swallow his prey without having rendered it

more appetizing by keeping it underground.

The Eskimos take the arctic fox in ingenious traps which, according

to Captain Parry, consist of a sort of little round hut of stone, closed

everywhere except on top, where there is a square orifice. This ori-

fice is closed by whalebone fixed only at one end, and passing across

the aperture. A little snow put on the whalebone makes the place

look like solid ground; but when the fox, attracted b}- bait so placed

that to get it he has to pass over the whalebone, puts his weight upon

it, it gives way, and down he goes, too deep to get out, while the whale-

bone springs back into place, all ready for another fox; and two are

often caught.

The arctic fox, like many other animals, has a fur which varies

much, both in abundance and in color, at difi'erent seasons. This fur,

which covers even the plantar side of his paws, especially in winter

(thus at once protecting them against the polar cold and facilitating

locomotion over ice), is white in winter and in summer has a grayish-

brown color, giving a slightly bluish effect. This transformation of

the hair does not appear with other members of the dog family. Nor

does it invariably take place; for there are arctic foxes that remain

"blue" all the year round, while others never cease to be white. This

led F. Cuvier to distinguish two species, the one changing color and

the other remaining white. But, in fact, the two sorts of individuals

belong to the same species; indeed, young of the two kinds may occur

in the same litter, according to Schreber. On the other hand, it seems

that in Iceland all the foxes retain their blue livery all the year round,

never donning the white.

Even in his winter costume the arctic fox is never completely white,

the nose and the end of the tail generally remaining black. Moreover,

many foxes become rather gray than white during the dark season.

Many are only relatively blue. This coloration presents numerous

differences of [chromatic] intensity.

Seeing that the pelt of an arctic fox will sell for $20 or more, pro-

vided it be '• blue," and for nothing at all if it be white, it is not to be

wondered at that some ingenious spirits have been led to practice the
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breeding of these animals. The narrative of the Harriman expedition,

recently returned from Alaska, informs us that the Alaska Commercial

Company is doing- this in several islands of the region it exploits, and

in particular in the neighborhood of Kadiak, where the experiment has

succeeded to perfection and where the company has established

"blue-fox farms,'- which are in a flourishing condition.

These farms are, in fact, -is simple as possilile. The breeding simply

consists in feeding the foxes during the winter, in protecting them

from their natural enemies, and in only capturing and killing them

under prescribed conditions. In order to be able to protect its wards,

the company places them w here they can not get away. It captures a

number of them on the mainland and puts some couples on certain

islands where there were none l)efore and whence they can not escape.

It provides for their needs by establishing stations on these islands

where special emplo3'ees go to carry the animals food, consisting

mainly of fish, fresh or dried, or else put up in oil. No salt fish is

given to them, because it is ])elieved that that woidd mar the ])eauty

of the fur. This food is left every da}' of the year in certain places,

which tlie foxes get to know, so that they resort there.

Very ingeniously, the conipan}' causes the food to be always placed

in traps, which, however, are not set too close. The animals thus acquire

the habit of entering trai)s and do so without distrust. Thus, when

it is desired to capture any, the traps are set and do their work with

certainty. Food is given to the foxes all the year round, as nuich as

they seem to need, judging by the haste with which the}' eat what they

get. The}' get most in May, June, and Jul}', because it is then that

they litter, and the females consequently need a great deal of food.

When the fur is in fine condition the foxes are trapped in the manner

above explained. The females are spared in order to favor nudtipli-

cation, being set at liberty after having been marked with scissors in

the caudal brush. Those males whose fur is suitable are killed; a

few of the very finest are, however, set free to improve the breed.

It is to be remarked that the foxes do not live exclusively on the

food furnished them. They eat, besides, what they find, which varies

their fare, for they prowl about the shore and pick up any dead fish

which the sea may throw up; they follow the bears and eat what they

leave, and they hunt the rodents, so that in some of the farm islands

mice have been quite exterminated. The best parts of the fish are not

given to the foxes. They are fed on salmon mainly—the heads, and,

in short, whatever is not dried or preserved for man.

It seems that not all the foxes are equally sensible of good and bad

treatment from men. In most of the islands there are individuals who
will not come to take the food that man distributes, but, avoiding the

traps, live entirely on what they can find for themselves.

The foxes on the farms are numerous enough to be remarked as one
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goes about. Besides, they are curious and not timid. On an island
of Prince William Straits there is a farm where 50 or 60 adults are
fed on salmon and halibut. It is useless to offer them cod; they will
not touch it. They are there accustomed to seek their food in a little

house, which acts as a trap during the short period when their fur is

the finest—that is to say, from December 20 to about January 10.

The arctic fox is abundant in the Pribylov Islands, or, rather, it

was formerly so, and at present efforts are making to restore the
abundance. On the island of St. George an American Government
agent, Mr. Judge, has devoted several years to this question and has
ascertained interesting facts. It is a rocky island, heaved up into a
chaos, where birds flock in great numbers to breed, and is particularly

suitable to the fox, if only his subsistence is insured for the winters,

for otherwise he will not remain, but will embark on the first ice

sheet which in spring comes near enough, and that will be the last

of him, whether he reaches some distant shore or not. In summer he
will remain quietly, for, in the first place, he can not do otherwise,

and then birds are plenty, and eggs too, as well as young seals whose
mothers have been killed and who have been left to starve. The
pelagic hunting of the fur seal has been rather advantageous to the

foxes because of the number of small seals which have perished and

furnished food. There are some 2,000 foxes on the island of St.

George. They fed upon lemmings {Leiimius nigrljpeH) until the latter

became well-nigh extinct. In winter they get their living on the

shore, and, curiously enough, live largely on sea urchins, of a species

of Strongyloccntrotus^ w^hich are found on the rocks that are left

uncovered at low tide. Thej^ also eat grass in winter, and worms,

which the}^ scratch out of the sand. The}' also swallow sea squirts and

carcasses of fish. But, on the whole, their living is precarious at that

season.

Attempts have been made, perhaps not persevering enough, to intro-

duce rodents allied to the rabbit. The acclimatization of the spermo-

phile found at Unalaska has also been proposed. Preserved food has

been tried, such as linseed-meal biscuits. The foxes did not like it,

though they take it eagerly when it is flavored with seal oil. Mr. Judge

gave the foxes carcasses of seals, and these not being enough, he

finally used entire bodies, salted or frozen, digging "silos," where the

provisions were stored till they were needed. The foxes appreciated

this kindness only too much, for one day 60 or 70 of them got into the

silo, tore up and pulled out the seals, and feasted so that several of

them died of surfeit. Since the foxes do not like salt meat, the seals are

soaked in fresh water before being given to them. The seals are given

to the foxes when the tune of their capture approaches by every even-

ing leaving some bodies, not more than ten, at the place where the

traps are to be placed. At the proper time the traps are set. The
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females are set free, after having- been marked, and some of them have

been taken so often that their brushes have been quite spoiled. White

females are, however, always killed in order to get rid of any tendency

to the production of a breed that should turn white in winter and to

establish a stable blue breed. The traps are large enough to take 40

foxes at once in each.

The practical problem of fox farms involves a psj^chological pro))-

lem. In order to oljtain the best results it is desirable that the foxes

should practice polygamy. Now, they are naturalh^ monogamous, but

endeavors are made to induce them to become polygamous by reduc-

ing the number of males. The success of these efforts is still doubt-

ful, but there are some encouraging indications. For example, the

destruction of many males has had no appreciable effect upon the

births. It may be noted that the collection of all the foxes into one

place to feed makes promiscuous gatherings, which, it is hoped, may
affect their moral nature.

According to the observations at St. George Island, the foxes have

no predilection for any particular spot. They go about and only

remain in one neighborhood as long as they are satisfied with the food.

It is therefore eas}- to make them all come regularly to one place, and

this is done. Their food is left near the village, and for the most part

they remain thereabouts. It is eas}' to get sight both of the adults

and the young, ])oth of which are very curious about man and nmch
given to observ^ing him and his ways.

On this island, as elsewhere, it is stated that the arctic fox is much
less astute than his P^uropean cousin. He allows himself to be taken

in the same trap several times in succession, sometimes at intervals

of ten minutes. Yet it will not fail to l)e remarked that neither this

circumstance nor the fox's not avoiding places Avhere man may be

scented can seriously be regarded as a mark of low intelligence, see-

ing that the foxes who are so often trapped and let go again are

thereb}' taught to regard the ambush as a joke. His experience

assures him there is nothing to be feared. Those who are killed never

return to tell the tale; and the arrangements are such that the others

have no reason to suspect that an}" tragedy has taken place, for they

are killed on a boat offshore, so that no blood may be spilled on the

ground. Perhaps this is needless caution, for foxes are not ver}' sus-

ceptible to extreme concern about deaths in their tribe, and they

even resort to cannibalism whenever hunger presses them to it. So

that the smell of blood or sight of remains of their kindred could

hardly be very terrible to them ; nor are their intellects so penetrating

that they would be likely to draw inferences in regard to their own
possible fate.

Observations at St. George Island show that the fur is in its perfec-

tion when the animal is in its first and second year.
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The experience of farming- is thus far encouraging. If success

crowns the efforts that are making to break down the deplorable

monogam}' of the foxes, all will go well.

Some figures relative to the captures made in the season of 1898-99

may here be given. The " season," be it remembered, lasts but a few
da3^s, during which the animals' fur is in the exact state desired by
the furriers and the public. During that season, then, 334 blue male

foxes were taken and killed, 34 blue males were killed otherwise, 18

white foxes of both sexes were taken and killed, 110 blue males and

389 blue females were taken and set free.
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B}^ Dr. Friedkich Delitzsch.

The traveler starting overland from the port of Alexandretta, in

northern Syria, beholds beyond the high pass of Beilan the widel}^

extended plain of Antioch, a view surprising in novelty and charm.

As far as the eye can reach the plain is strewn with mounds of vary-

ing height, often grass covered, their artificial origin easily discern-

ible. These mysterious elevations, called by the Arabs "Tell," by the

Turks "Tepe," accompany the traveler to Aleppo and even farther to

the l)anks of the Euphrates and Tigris, and they constantly increase in

height, extent, and number, from Mosul down the stream and through

Babylonia, crossing into the Elamite plain and to Susa. Thej^ are the

marks of the civilization of pre-Christian millenniums. The large and

small cities of the oldest empires of western Asia, of the Hittite states

of northern Syria, of the Assyrian, Babylonian, and Elamite empires,

with their palaces and temples, walls and gates, terraces and towers, lie

buried beneath them. From these mounds of ruins of the Euphrates

and Tigris region, weather beaten, grave, and silent, rising from the

lonely and lifeless desert, French, English, and American explorers

have plucked unfading laurels. They have awakened to new life,

after the sleep of thousands of years, the buried glor}^ of millenniums

gone, and from innumerable monuments of sculpture and writing liv-

ing knowledge reaches us of Babylon, Nineveh, and of those earlier

peoples whose civilization continues, in not a small measure, to be pre-

served in our own. The mounds of ruins in the fairyland of "The
Thousand and One Nights" have become for France, England, and

America mounds of treasure-trove, from whose darkness they bring

to light treasures of human art and science that are the greatest orna-

ment and pride and the never-resting ambition of the great national

museums.

^Translation of Ex Oriente Lux. Ein Wort zur Forderung der Deutscheu Orient-

Gesellschaft von Dr. Friedrich Delitzsch, ord. Professor an der Universitiit zu Bres-

lau. Leipzig: F. C. Hinrichs'sche Buchhandlung, 1898. pp. 16, 8vo. Dr. Delitzsch

has also contributed other articles in this series of publications.
535



536 DISCOVERIES IN MESOPOTAMIA.

It was in the 3'ear 1820 that Chiudius .James Rich, an ollicer of the Eng-

lish East India Company at Bagdad, undertook, for the recovery of his

health, a trip into the Kurdish ISIountains, and on his way back he

spent a few daj's at Mosul, the well-known commercial town on the

right bank of the Tigris. There the large mounds on the other side

of the river attracted his attention. They resembled those which he

had seen near Hilla on the Euphrates and which he correctly took for

the remains of ancient Babylon. As the southern of the two largest

mounds still has the official name of Nunia, and is crowned with a

mosque dedicated to the prophet Jonah, the hypothesis suggested itself

that there, opposite Mosul, lay the ruins of Nineveh, the ancient cap-

ital of Assyria. Rich examined the mounds. He also heard of a large

stone slab, engraved with representations of human figures and animals,

which had been found some time before, but had l)een ])roken by the

Turks because of religious prejudice. He was not, however, in a posi-

tion to continue his investigations.

Now it happen(>d that in 1S42 Emil Botta, son of the well-known

Italian historian, was appointed French consul at Mosul, and was

encouraged by the famous orientalist, Julius von Mold—the second of

the four ])rothers Mohl, who are a lasting honor to thcMr native city

Stuttgart—to follow up the path entered upon by Rich and to begin

excavations in the mounds near Mosul. But neither on the southern

mound, Nel)i Yunus, nor on the northern, Kuy unjik, were his endeavors

rewarded with success. In March, 1843, a peasant of Khorsabad, a

village situated four hours north of Mosul, told him that in the mound
on which his village was built inscribed stones and similar ol)j(H'ts had

been found in great number. Botta thereupon began, on the 20th of

March, to dig in Khorsabad, and after but thrcM* days a room was

opened, and a few days later another, the inner walls covered with

alabaster slabs, on which were represented in bas-relief the campaigns

and hunts, the gods and priests of a king. Full of joy, Botta, on the

2d of May, sent to Mohl a letter, with drawings of the inscriptions

and sculptures. The drawings caused a lively sensation, and the French

Government immediately made an appropriation for further excava-

tions. Botta had discovered, as we now know, the palace of Sargon,

the conqueror of Samaria. In May, 1844, the inhabitants of the vil-

lage were removed, with the permission of the Sublime Porte, and

thereupon the excavations continued on a larger scale. New rooms

were continually freed from the debris, new sculptures, still exhibiting

traces of color, together with long-lined inscriptions, were continually

brought to light, and the drawings of the French painter, Eugene

Flandin. which were later published at the cost of the State, served to

raise still higher the general interest in Assyrian art and civilization,

which was believed irrevocably lost, and now, as if by magic, raised to

new life. Botta's successor, Victor Place, found, in 1852, the walls
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and gates of the city of Sargon, with gigantic winged bulls, and com-
pleted the excavation of the palace, penetrating to the cellar, where the
wine jars, with a reddish sediment in the bottom, were still standing
in long rows. An Assyrian king, concerning whom until then only
a simple brief notice in the Old Testament (Isaiah XX, 1) gave infor-
mation, suddenly rose before our eyes as a live, tangible personage,
and we now know as much about his wars and victories, his buildings
and hunts, about the conditions of the civilization of the Assyrian
Empire and the contemporaneous history of the neighboring states, as
we know about any epoch of ancient Greece or Rome.

It may be readily imagined that the glorious achievements accom-
plished by French pluck, energy, and perseverance, which turned the
eyes of the whole civilized world to the Assyrian collections in the
Louvre, would not long leave the English idle spectators. Sir Austen
Henry Layard, afterwards minister of Great Britain in Madrid and
am])assador to Constantinople, had already visited those regions

in 1840, and had shown the most lively interest in the work of

Botta. It was not long before the English ambassador at Constan-

tinople, Sir Stratford Canning, succeeded in securing for LaA'ard

the firman permitting excavations and the necessary funds. Layard
immediateh' began excavations on a grand scale, receiving the cordial

aid of the native population, for not only was Layard an adept in

winning the love and gratitude of the natives everywhere, but he had

also in Hormuzd Rassam the most ideal companion, who, fully familiar

with the Arabic character, could, as Layard acknowledged, secure the

good will of the most savage with whom he came in contact.

On November 28, 1845, Layard commenced his labors in Nimrud,

situated a few kilometers south of Nineveh, and the first four months

of 1846 l)rought to light the entire northwest palace of Shalmaneser I

(1300 B. C), the palace of Assurnazirpal, of the Biblical Tiglathpileser

and Esarhaddon, and, especially with the palace of Assurnazirpal, a

large number of sculptures and inscriptions of various kinds. Not

less successful were the excavations at Nineveh, which Layard carried

on after 1849 at the expense of the British Museum. Like the Ba))y-

lonians, their masters, the Assyrian kings built their temples and pal-

aces upon raised artificial terraces, from whose airy heights they Jiot

only enjoyed a purer and cooler atmosphere but escaped the fever, the

inundations, and the mosquito swarms of the river flats. King Sen-

nacherib erected such an elevated terrace of bricks, and his grandson,

Assurbanipal, the Greek Sardanapalus, extended it. Both of tiiese

rulers built there magnificent palaces, surrounded by large parks,

rivulets, and ponds, on whose isles water birds nested. And all this

splendor and glory, covered by the mighty mound of ruins of Kuyun-

jik, were uncovered by the two English explorers. In the southwest

corner of the mound Layard laid open the palace of Sennacherib,
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the largest Ass^a-ian palace thus far known, with ycventy-one rooms,

galleries, and halls, the walls on every side covered with artistic bas-

relief, depicting the edifices, the campaigns, and the domestic life of

the king in a most vivid manner. There we see how the large terrace

was filled up, how the gigantic bulls that guard the entrance to the

hall were set in place by means of pulleys, rollers, and ropes, and a

contingent of thousands of workmen, partly slaves in chains, whom
the king superintended from his chariot, while pitiless taskmasters

with raised sticks relentlessly urged on the work (PI. IX). In another

room the sculptures show servants carrying bunches of ripe dates and

flat wicker baskets with pomegranates, apples, and grapes, grasping

at the same time small green twigs to keep ofl* the flies. They are

followed by others with hares, partridges, and dried locusts fastened

on stiivcs. Farther on come servants, two a])reast, carrying on their

shoulders low tables loaded with baskets of cakes and fruits, while in

the rear follow a long line of servants with flower-decorated vases. All

these representations are distinguished by vividness and tmthfulness.

Splendid and admirable as were the finds in the so-called southwest

palace of Sonnachei'ib, they were to ])o greatly surpassed l)y the treas-

ures which were brought to light from the so-called north palace of

Sardanapalus, discovered by Rassam in 185-1. There, too, one state

chamber after another was freed from debris; the long Babylonian

gallery, the smaller Arabic room, so named because their wall I'cliefs

represent the great deeds of the king and his armies in Bal)ylonia,

Arabia, etc. After two and a half thousands of years of darkness

the light of the sun again })urst in the halls decorated with sculptures

and in the courts artistically plastered with mosaics, exactly as when

they were deserted in the year 607 B. C'., when the Median hordes,

intoxicated with the blood of foes and the triumph of victory, raged

there, burning and plundering. Light fell anew into the royal harem,

conjuring up before our eyes most vividly scenes with which an artist

of the seventh pre-Christian century decorated its walls with realistic

truthfulness. We behold in an arbor the king comfortably stret(;hed

upon a divan holding a full goblet i)i his liand, and near him, likewise

with a goblet, the queen on a high chair, attired in rich vestments.

Eunuchs fan the royal couple, while at a distance there is music. Not

far from these apartments the beautiful lions' room was found, its

sculptured walls perpetuating the king's adventures in the chase. Like

most of the Assyrian kings Sardanapalus was a bold, passionate hun-

ter, and the lions' chase was his favorite sport. The lions were con-

fined in cages in a special park and on the day of the hunt were set

free. Here we see the king, now on foot, now in the chariot, taking

up the battle with the lion. Now the king calmly meets the attacking

animal, and, with a sure hand, thrusts the deadly spear into its body.
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There the furioiLs beasts fasten their teeth in the chariot spokes or writhe
wounded upon the ground. Especially to be noted is a relief of a dying
lioness, whose perfectly realistic character has made it famous in the
history of art. On the floor of the lion apartment and of the adjoin-
ing rooms lay in thick layers fragments of the royal library, a collec-
tion of tablet l)ooks and documents once arranged in the upper rooms,
but which at the collapse fell through, crushed into thousands of large
and small pieces. Baked clay tablets of all sizes, inscribed on both
sides with fine Assyrian cuneiform characters, which, after being freed
from dirt and dust can be as distinctly read as if they were but yes-
terday impressed into the soft clay, constituted this unique royal library.
As if presaging the approaching collapse of the Assyrian Empire,

Sardanapalus ordered that the most important books and documents
from all the libraries in Babylonia should be collected, copied, some
even in duplicate, and incorporated in his own library. Thus through
the library of Sardanapalus there came to us a great part of the older,

and indeed of the most ancient, works of Babylonian literature, and,
as might be expected, only the most important works were consid-

ered worthy of admission into the royal library. It contained histor-

ical works with information as to the relations, now peaceful, more
often warlike, of Assyria with its mother country. Babylonia; chro-

nological lists accurately fixing the reigns of all those ancient kings,

Shalmaneser, Tiglathpileser, Sardanapalus, and for a long period

recording the most important event of each year; penitential psalms

and hj'uins of praise, epics and myths that reveal the religious thought

as well as the poetical endowment of the Babj^lonian people; large

grammatico-lexicographical works that for many decades to come will

be an inexhaustible mine for Semitic philologj^; astronomical, astro-

logical, and magical tablets, the original works from which the wise

men of the East^the Babylonian Magi—drew their learning which

they afterwards spread over Greece and Rome; in addition a multi-

tude of letters addressed to the great king of Assyria from the kings

of Elam, from the generals abroad in hostile lands, from the court

astronomers who report to the king the happenings in the starry

heavens, eclipses of the sun and moon, from the Magi, who, on the

basis of the flight of birds, or the entrails of sacrificial animals, advise

the royal majest}^ what to do and what to leave undone; letters from the

royal physicians, petitions and entreaties from captives; besides copies

of the letters and proclamations of the king himself. Four royal-

octavo volumes, with 1,952 pages, are required for the catalogue of the

thousands of clay tablets and prisms or fragments thus far transferred

from Nineveh to the British Museum. And what a mass of knowledge

and multitude of new points of view for religious and profane his-

tory, for linguistics and geography, for archeology in all its branches.
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has not the study of those ancient books revealed I Let us but recall

that niemora))le autuuin of 1872, when George Smith, one of the offi-

cers of the Eg}'pto-Assyrian collection of the British Museum, while

looking over the cuneiform fragments of the mythological seriiss, read

in one of them with growing surprise: ''The ship stood still on the

Mount Nizir. 1 took out a dove and sent it out; the dove flew hither

and thither, l)ut as it found no resting place it turned and came back.

I took out a swallow and sent it out. The swallow flew liith(>r and

thither, ])ut as there Avas no resting place it cauK^ ])ack. I took out a

raven and s«>nt it out; the raven flew away and perceived the decrease

of tiie wat(>r * * * and did not return to the ship." Smith had

found the oi-igiiial of the Babylonian-Biblical ai-couiit of the deluge.

He rt'])()i"ted his find at the meeting of the I^ondon Society for Biblical

Arciueology on December 3, IST2. The discovery created tlie pro-

foundest sensation in England, and far hcyoiul her borders. In press

and ])ulpit it was ccleljrated and connneiited upon. Babel, it was said,

coiitirms the Bible. " \\'here men are silent, the stones cry out." The
proprietors of the Daily Telegraph, almost innuediately after that

lecture, hastened to give George Smith a thousand guineas for further

explorations in Nineveh. On January 20, 1ST3, George Smith set out

on his journey. In 1874 he was again sent—this time by the trustees

of the British Museum—to Nineveh, constantly making discoveries,

and in isTG undertook a third expedition to the East, which was to

be for him "a way without return." His last stay in Babylonia and

Assyria—full of exertions and trials, where, at the time, pest and

cholera were raging—exhausted the strength of the indefatigable

explorer. Accompanied by the English consul to Aleppo, he died

there on August 19, 1876, covered with glory, fallen like a hero on

the field of honor.

The traveler setting out from Bagdad in the direction of the little

town of Hilla, traversing the plain which is spread out between the

twin rivers Euphrates and Tigris where they are nearest one another,

will, after passing many other moimds of ruins, arrive at a large one

covering 2 English miles, named Abu Habba. Wall and castle are

still clearly recognizable. ))ut the highest point of this site of ruins is

on the southwest side on the bank of a former arm of the Euphi-ates.

-When Kassam excavated here in 1881 he struck almost at once the

walls of a building. The inclosure of a large quadrangular structure,

1,500 feet long on the southwest side, was laid bare, and further

trenches and shafts showed that the edifices were grouped around a

central court, and consisted of a line of long narrow rooms with

exceptionally thick brick walls. In the interior of this structure a

pair of interesting rooms was discovered and freed from the debris.

At the excavating of a shaft that ran along a wall in the middle of

the mound a doorway was reached which led to a large gallery 100
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feet loiio- tind jihout ?>h feet wide. On it .stood the reninants of u lar<rc

saeritieal altai-. mude of bricks and measuring 30 feet square. P>ehind
the altar, in the wall of this room, a door opened leading to a smaller
room, and Kassam, as a result of experience gained in the Assyrian
mound of Balawat. at once surmised that the temple archives had' been
here jjreserved. But though at Balawat the corner-stone documents
of the builder of the temple were found in a stone chest, nothing
similar was here discovered. On the other hand, the asphalt pavement
attracted Kassam's attention, and he therefoi'c^ sunk a shaft in the tioor,

when, behold, scarcely had he broken through the cement laver when
a clay chest appeared containing a beautiful artistically inscribed

alabaster tablet, in six columns, decorated at the top with a carefully

executed l)as-relief. In this holy of holies a god with a long-tlowing

beard, in his hand a ring and short staff, was seated upon a throne

decorated with cheru])im. A king followed by two priests approaches

the god in adoi-ation, while two other men are raising the sun disk

with ropes upon the roof of the holy of holies. Certainly a valuable

and admirable tind in itself, but much more so because this document

also revealed the name of the building and of the city Avhich was thus

rediscovered. "Image of the sun god, the great lord, who dwells in

the temple El)a))l)ara in the city of Sippar." Thus reads the explanatory

legend of the ])as-relief. One of the oldest Babylonian cities has been

found—Sippar, in which Noah-Xisuthros, by the command of the god

Kroiios. was ordered to bury the documents of antediluvian times; the

sun temple, which since its foundation in the fourth millennium until

long after the time of the last Chaldean king, Nabonaid (538 B. C),

was the center of worship for Babylonia and the object of concern of

all Babylonian kings, was rediscovered. This sun temple in the course

of thousands of years, through revenues and donations, came in posses-

sion of untold riches in mone}' and land.

The forty to iifty thousand inscribed tablets that since 1881 have

been flowing from Abu Habba as from an inexhaustible source into the

occidental museums, above all into the British Museum, give an insight

not only into the cult of the sun god and the deities worshiped l)eside

him, into the division, oljligations, and prerogatives of the several

priest classes, Init also into the system of the temph; revenues and

their application. From the temple archives of the sun god is

derived a great mass of tablets, which, after the fashion of conuner-

cial bookkeeping, record the temple revenues in money and other

commodities, the expenses in salaries, wages, etc., and the investment

and emplovment of the temple property in loans, real estate, rents,

etc. If to these l)e added the numerous so-called contract tablets from

Babylonia, Tell Sifr. and other places, with their vaded contents,

purchase and sale of slaves, marriage documents, acts of lawsuits

testaments, and the letters of the time of Hammurabi or Amraphel

SM 1!*00 38
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(Genesis, xiv) Avhieh were recently found, we derive a mass of the most

important information on the eommercial and judicial life as well as

the economic conditions in the Babylonian State for a period of nearly

two thousand years from the tirst Babylonian dynasty (2250 B. C.)

until lont^ after the time of the Acha'menian kings. The excavations

at S'ppar, Babylon, and elsewhere carried us back to the time of

Ilannuuiabi. that o-reatest king of the first Baltylonian dynasty, Avho

unit(>(l the north and the south in one great Babylonian State, with

Babylon iis the capital. But the soil of Balnlonia. inexhaustible in sur-

prises, was soon to afford us an outlook into a nuich higher antiquity

of the Babylonian people and to carry us to still more remote ages

in the history of humanity. From the same archives to which the

al)ove-mentioned >()tive taldet belonged, which was deposited by King

Neltobaladan {SS2 B. C.) i" the sun tem})le at Si})par, came also, among
other things, a remarkable clay cylinder of the last Chaldean king,

Nabonaid. In it th(^ king relates that he has decided to reestablish

the sun temple upon its oldest foundation; for. in consequence of the

repeated rebuildings in the course of many centuries, the temple was

obviously d(>tached from its original foundation site, from its oldest

"temen:"' and that he has succeeded, after contimious and la))orious

digging into the d(>pths o[" the earth, in tinding the ''temen" of the

Hrst builder of the temple Nai'am-Sin, son of Sargon I, a^temen"
which for thirty-two hundred years had not been seen by the eye of

man. This established tlu' year HTaO before our era as the date of the

reign of Naram-Sin and al)out 3S(K) as that of Sargon I. and opened a

vista into the past of the human race on Babylonian soil which lies

fifteen hundred years beyond the time of Hammurabi-Amraphel, or,

to speak with the Old Testament, beyond the time of Abi-aham, a

vista never anticipated and at first hardly credil)le. And still, little

as was the inclination to accept so remote a date, there was as Uttle

reason to doubt it, and, in fact, the progress of the excavations was

soon to prove it more and more indubitable.

The French consul at Bassora, Ernest de Sarzec, who has ))een direct-

ing the French excavations on the south Balnlonian site of the ruins

of Tell Loh (Telloh) since 1875, had not long l)egun his work when he

found those nine diorite statues, which represented partly in standing

position, partly seated, the old priest kings (patesi) of the city of

Lagash, named Ur-Bau and (judea (PI. X). These statues, although

the heads of all are missing, are valuable examples of the old Baby
Ionian art of sculpture, and this value is considerably increased by the

inscriptions which, on the breast, back, etc., are incised with the most

consummate artistic skill and neatness, exciting the admiration of our

modern stonecutters. While the archaism of the writing leads us back

to a time long before Hammurabi, the language in which they are com-

posed shows that those ancient priest kings belonged neither to the
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Semitic nor to the Indo-Germanic stratum of the Babylonian popu-
lation, l)ut to the so-called Smnerian people, who spoke an agglutinative
language, and who, though through the early centuries settled in Baby-
lonia contemporaneously with the Semites, and in lively intercourse
with them, nuist still be considered as the older native population from
whom the Semites received the art of writing and other achievements
of civilization. And since that first great discovery of De Sarzec, the
finds of Telloh hive steadily carried Babylonian history to earlier

periods, as is evinced by indisputable art, historical and paleographical

criteria. They carried it back to the time when the two Semitic kings

of Agade, Sargani-shar-ali and Naram-Sin—and these, as is recognized

with ever-increasing certainty, are Nabonaid's Sargon and Naram-Sin
(38(><) and 3750 B. C, respectively)—exercised sovereignty over Lagash,

and the priest king of this city, Lagal-Ushumgal, was their vassal.

Na3% even from an earlier time—the close of the fifth milleninum

—

there rises before our eyes a whole line of hoary Sumerian patesis of

Lagash—Ur-Nina, Akurgal, Eannadu, Enannatum, Entemena. And
we know^ not only their names but most of their heroisn] against

domestic and foreign foes, and of their efforts for the general welfare

of their city and its inhabitants.

As the orioin of the cuneiform writing is more and more cleared un

thi-ough the inscriptions of some of these most ancient rulers—above

ail, that of Eannadu—so one ray of light after another brightens the

darkness spread over the earliest history of the great Babylonian

cities—Agade, Babel, Kish, and Lagash, Erek,and the "city of bows."

Nay, on some periods, especially the times of Sargon I and his son,

Naram-Sin, a Hood of light is shed. For much as it may be deplored

that the archives, consisting of some 30,000 tablets, cylinders, and

large inscribed pebbles, found in 1894 in a cellar-shaped room at

Telloh, were scattered everywhere by the thievish Arabs, the docu-

ments themselves are not lost to science, whether they came to the

nuiseums of Constantinople, Paris, Berlin, Philadelphia, or elsewhere,

and they re\eal to us in a surprising and at the same time in detailed

manner the commercial, agricultural, and economic conditions, as well

as the civic and religious life of the times of Sargon I and Naram-Sin.

P^ven pierced lumps of clay were found with the names of Sargon or

Naram-Sin stamped upon them, inscribed with the names of the

addressee, the place of destination, and evidently attached to bales of

merchandise, to be forwarded from Agade to Lagash.

One of the oldest sanctuaries upon earth is the temple of the lord of

the universe, Bel, in the middle Babylonian city of Nippur. The ruins

of this city, now called Nuffar, and especially the gigantic remains of

this temple, were the goal of the three expeditions from Philadelphia,

which, from 1886 up to the present time, under the direction of John

P. Peters, Hermann V. Hilprecht, and J. H. Haynes, have excavated
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and constantly niado discoveries of the j^reatest inipoit to science on

that vast site of ruins. Two temple archives rewarded the lal)ors of

the American explorers within a few years. True, those of Sarj^on I

lay in ruins; enemies, probably the Elamites. {)lundered and destroyed

them. But if only the vases of the })re-Sar»i()nic kino" of Krek, Lu^al

Zagfjfisi, son of a patesi of the "city of bows," which were pieced

to<»'ether from thousands of fraiinients. had been found they would

be an ample rewai'd on account of the historical and paleo*;raj)hical

information that they furnish. The records of the Kossean kings

were intact. They contained all the votive gifts that the kings of the

so-called third Bai)ylonian dynasty had jjresented to the god Bel.

Down to l.sy6 there were cleared from the ruins of Nutfar, succes-

sively, 2,000, S.ooo. and 21.0»to clay tablets and fragments, inscribed

and stamped bricks, stone and clay vases. They were of the pre-

Sargoidc period, as well as of all the later periods of Babylonian his-

tory, from Sargon I and Xaram-Sin. and even from Tr-Cxurand Dungi,

the two ancient kings of the city of Ur, down to Darius II and Arta-

xerxes Mnemon. They end)raced syllabaries, chronological lists, let-

ters, astronondcal and religious texts, tjix lists, |)lans of real estate,

contracts, besides images of divinities and toys of terra cotta, weap-

ons and inn)lements of stone and metal, ornaments of gold, silver,

copper, and bronze, carved precious stones and weights. It was esti-

mated that the inscribed monuments found up to iSi^O would till 12

volumes of two to three parts each if published. What specially

distinguishes the excavations of the Americans is the systematic clear-

ing up of the single layers of th(> mighty temple edifice and of its super-

structure.

The colossal iuins of the tower of the temple of Bel, now called

Bint-el-Amir, rises 2'.t meters above the plain and 1.5 meters above

the mass of debris which surrounds it. The inunense platform, about

2.40 meters thick, constructed of sun-dried bricks, together with

the three-story temple t<^wer erei-ted upon it, })robal)ly a work of

King rr-Cxur, was laid l)are and the ascent to the single stages in the

southeast of the ruin was found. Close undei- this platform another

pavement was discovered, consisting of two hn'ers of baked liricks

of about 50 centimeters square and 8 centimeters thick. Most of

them were stamped, some with the name of Sargani-shar-ali, the others

with that of Naram-Sin. Both kinds were interniingled in both

brick layers, so that the identity of Sargani-shar-ali with the Sargon

of Nabonaid (3800 B. C.) was made sure. Ur-Gur had, it appears,

razed the buildings of his predecessors and elevated the platform of

his temple tower over the pavement of Naram-Sin. J. II. Haynes,

however, who since 1894 has been alone at the ruins of the temple of

Bel, superintending the excavations, was not content with these chrono-

logically important revelations, but sunk shafts in several places under
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Naram-Sin\s platform and searched the entire earth stratum, which was
about 11.25 meters deep, down to the underground water, for remains of
human civilization. This great sacritice of time, labor, and persever-
ance was to be rewarded in away that could not have been anticipated.
For. in one place, not far below Naram-Sin^s platform, was found an
altar of sun-dried bricks, the top of which was surrounded by a rim of
asphalt and covered with a layer of white ashes 6.5 centimeters thick
and the remains of burnt sacrificial animals; still farther below there
was unearthed a large, beautifully decorated terra-cotta vase in perfect
condition, an excellent example of old Babjdonian ceramic art. And
in another part of these underground excavations the oldest archi-

tectural arch of a drainage canal, and still farther down, in the deepest
hiyers, or, what amounts to the same, back in many centuries beyond
the tifth millennium, everywhere interesting and valuable remains of
human civilization came to light, fragments of vessels of copper,
bronze, and clay, a mass of earthenware, so beautifully lacquered in

red and black that one might consider them of Greek origin, or at least

influenced ])y Greek art, had they not been found 8 meters deep under
Naram-Sin's pavement.

We could go on a long time in this way were we to enumerate
all the achievements which foreign explorers, supported by the ener-

getic interest of their governments and aided by the liberality of

their countrymen, have accomplished and are still accomplishing on

the ruined sites of Assyria, Babjdonia, and Elam. We could speak

of Hormuzd Rassam's tinding of Nebuchadnezzar's palace in the

middle mound of Babylon, called Kasr; of two beautiful wells which

reached down to the water level of the Euphrates, and of other traces

of water ]>alances in the extreme northern mound Babil, probably

the site of the hanging gardens of Semiramis. We could describe

the successful expeditions of Jules Oppert, William Bennett Loftus,

Sir Henry Rawlinson, and, above all, tell of the great work of the

Dieulafoys on the ruins of Susa. But we must forego this here, and

will mention in passing that only recently the French Government suc-

ceeded in acquiring for 5,000 francs the right from the Shah of Persia

to excavate for all time in Susa and the surrounding province and to

transfer half of the finds to France, while for the other half it .secured

the first option. The French have been active in Susa since November.

1897, under the direction of De Morgan. De Sarzec and Haynes con-

tinue their labors with undiminished and untiring zeal. Philadelphia,

it is rumored, is equipping a new expedition, and Germany— is she to

continue for another half century to be an idle and admiring onlooker

of the glorious deeds of foreign nations? Shall she longer be content

to play the part of the poet, until it is proclaimed: Too late; the world

is alread3' divided ?



546 DISCOVERIES IN MESOPOTAMIA.

Germany niuy ju.stly ])e proud that one of her sons, the Hannoverian

Georg Fricdric'h Grotet'end (l)orn in 1775 at ^Nliinden), as a young
teacher at the gymnasium of Gottingen in 1802. had the genius to

decipher the cuneifoi'm writing, and thus placed the key in the hand

of science which was to unlock not only the old Persian monunuMits

but also the great Ba])ylonian-Assyrian cuneiform literature, and in

addition to that make possi))le the reading of the Armenian and Elamite

cuneiform script. Germany may also glory in the fact that a scholar

of German blood, Julius von Mohl, gave the lirst impulse to the excava-

tions in Nineveh; she can also note with satisfaction that the enthu-

siastic interest which is l)eing l)i-()ught to the Assyi-iologica! studies,

especially in America, and from which grew the Philadelphia expedi-

tions, was awakened in the (icrman universities. If, then, (lermany

would at last arouse herself and secui'c a share of the pi'iceless art and

wiittcM monuments of the old—nay, oldest—human civilization for

Crerman nuiscums and ( iei'inan science, this gi'cat national and scicntitic

undcitaking may count with certainty upon the symi)athv and self-

sacriticing support of all nww and women wlio ai'c zealous for the glory

of the (rci'inan name and (icrman science. No one can deny that the

excavations in the mounds of Mesopotamia have opened and are con-

tinually opening new and rich sources of highest iiuportance foi- an

entire series of sciences—Old Testament research, ancient history and

geography, the history of art and arclneology, the history of religion

and comparati\-e mythology, Semitic and general philology, coiui)ara-

tive history of jurispi'udence, the history of astronomy and mathe-

matics, and many other sciences. We must refrain froiu entering into

details and can oidy brief!}' refer to a few facts.

For the history of art, particularly the history of sculptuiv and

architecture, and in a measun^ also of painting and some of the indus

tries, such as stonecutting and pottery, a peculiar and highly important

link was recoven^l through the resurrection of Assyro-Pabylonian

antiquity, the more important as the history of the development of the

Bal)vlonian art can be followed up to the fifth pre-Christian millennium.

The image of Naram-Sin found at Diarbekr, the famous vulture stele

of Eannadu, the scul})ture with the representation of Ur-Nina and his

sons, will forever remain milestones in the history of the art of west-

ern Asia, and of human artistic skill in general. And as it is an estal)-

lished fact that "the forms of the column, and some other ornaments of

Greek art which are much in use, are first met in Assyrian sculptures,"

light from the East may also be hoped for to illumine the darkness

in which the origin of the oldest Greek art is in man}' respects still

enveloped.

The light which sprang from oriental ruined mounds has with one

stroke illuminated the sphere of the ancient peoples and States of
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western Asia, so distant in time and space, and restored it to ancient
history. The nebulous forms of Ninus, Semiramis, and the effeminate
Sai-danapahis have been replaced by clear-cut individualities. The old
great culture States—the old Babylonian. Assyrian, and Chaldean
empires, their external political history and internal development in
commerce and industry, law and religion, manners and customs—enter
into our horizon with steadily increasing- completeness and vividness.
At the same time they furnish us the most valuable information on the
history of the neighboring kingdoms, from Elam to Canaan, on the
ethnic movements which during four millenniums took place in the
large quadrangle of lands between the Black and Caspian seas and the
borders of P^gypt-Arabia. And how many chronological and geo-
graphical riddles have not been solved or at least brought nearer to

solution!

Assyriological research which sprung from the ruins of Ba])ylon

and Nineveh has above all shown itself fruitful for the science of the

Old Testament, and for it promises to ])ear still more fruit. For not

only is thc^ Assyrian language most akin to Hebrew^ affording new
information on questions of grammar, lexicography, and phraseology,

but there is scarcely a book of the Old Testament the interpretation of

whose su])ject-matter has not been aided to some extent by the cunei-

form monuments. The narratives and conceptions of the Book of

Genesis of the creation of the world—the serpent as the arch enenw of

the Deity and embodiment of all sin and malice, the ten patriarchs, and

the catastrophe of the Deluge which destroyed primitive humanity, so

well known and familiar to us from childhood—appear in a new light

through the surprising parallels which the Babylonian-Assyrian clay

books furnish. The Old Testament history, especially that of Israel

from Chedorlaomer to Belshazzar and the Achaemenian kings, inter-

linked with the history of Babel and Asshur. continually receives new

light from the latter. The chronology of the kings of Judah and

Israel is, through the chronology of the Assyrian empire, placed on a

more secure basis than was possible before; and since in the annals of

the Assyrian kings mention is made of the kings Ahab and Jehu, Pekah

and Hosea, Ahaz and Hezekiah, the possibility is afforded of comparing

more than one narrative of the historical and prophetical books, as.

for instance, that of Sennacherib's campaign against Jerusalem, with

the records of the opposing side. Hebrew antiquity is connected by

hundreds of threads with that of Avestern Asia, particularly of Baby-

lonia and Assyria. The deeper insight which we now h&ve into the

belief and cult of the gods, especially into the nature of the sacrifices

of the Babylonians, their conception of the winged angelic beings after

the manner of the cherubim and seraphim, their views of life after

death, their bestowing of names, the peculiarities of their psalm poetry
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ill form and iiiiiltcr. their iiiaiiiuMs and ciistoins. llicir system of meas-

ures and weio;hts, etc., directly serv(> the advaneement of OUl Testa

ment theolou'v and arehieoloijy.

The respiendenee of the staiTv sky over the endless expanse of the

Euphrates' land is soinethin<i' wonderful; the stars s])arkie with the

j>"reatest brilliancy, and the movements of the planets, the ehan^ics of

the moon, the \arious meteors, enchant the attention at nit^ht. T'he

Babylonians learned to calculate the course of the stars; their obser-

vations constituted the foundations of the astronomical studies of the

learned Alexandrians. And when we even to-day divide the circle

into 8f)U dej^rees. the day into twelve hours of sixty minutes; when

W(> count seven days of the week and name them aftei' the ])laiiets;

when we dixide the apparent path of the sun according to the

si«>-ns of the zodiac we therein dirt^ctly follow those old Chaldeans,

whose jrrcat scientific accuracy, while it has left traces in some other

thin<»'s, has l)orne iiui)erishable fruit in the science of astronomy, which

originated with them. And just as the first chapters of the history of

astronomy can only be written with the aid of cuneiform works or

notices, we must see in the same sources the history of mathematics,

geometry, metrology. Nay. in many respects our present civilization

is still under the influence of the hoary Babylonian; the week and its

seven days and the names of .so many const(dlations. as well as our old

square measure, the cubit, and our old weight, the })ound. have their

homes in Babylonia. J urisprudence has good reason for the assumption

that the often sti'iking agi'eements betwecMi Koman and P>abylonian law

will clear uj) the origins of Roman law, which, at least i)artly, are still

obscure. Ill the exceedingly rich Babylonian-Assyrian " contract liter-

ature" an abundant as well as a valual)le source was disclosed for the

comparative history of iuris})ru(lence; many other functions of state

institutions receive new and instructi\(^ data of a comi)arative and

historical nature from the results of the excavations. We have in

mind, for instance, the economic development of those ancient culture

states, oi- of the history of war in its manifold branches. Do not the

bas-reli(4"s on the alaliaster slabs and bronzes of the Assyrian palaces

furnish instructixe infoi'uiation as to the progress in the clothing and

arming of the Assyrian army, the developing of the cavaliy. the

techiii((ue of fortification, the defens(> and attack l)y means of iiiacliines

of assault and mines, on scouting and pontoon building^

A new world is opened to human knowledge and inquiry through

the P)abvlonian-Assyrian excavations. But w^hile we zealousl}' collect

books and documents in our libraries and archives as the o])vious con-

dition of scientific progress, we stand idly l)v when the oldest docu-

ments and books and art monuments of humanity, the invalual)le

original material for a large iuiml)er of scientific departments, go
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ubi-oiid, so that Geriiiaii Assyviologists, Old Testament scholars, his-

torians, all who occupy themselves with the archa?ology of western
Asia, with the history of art, etc., are almost entirely dependent upon
foreign ])uhlications aiul foreijw'n nuiseums.

But still another consideration peremptorily demands that a change

of conditions should as soon as possi1)le take place. We German
scholars continue to praise the ever-extended welcome which we
receive from the directors and assistants of the British Museum, the

Louvre, the National Library at Paris. We have to acknowledge the

generosity \vith wdiich the foreign collections are opened to us, the

museum publications presented to us as a gift. But the more often

we enjoy Knglish and French hospitalit}'^ the more urgent becomes

the reminder, noblesse oblige. For more than fifty years (rerman

science has ])een availing itself of the fruits of foreign lal)or and

sacritice. and has lieen making use of achievements possible not only

through enormous expenditures of mone}^ but also l)y continuous

sacrifices of time and comfort, health and life, on the part of tlu^ for-

eign explorers. It is not a small thing to do excavating yonder in

Babylonia, in a climate whose temperature reaches in the shade 39^

Reauuuir (119- F\), among wild, ignorant, and treacherous Arabs, in

the vicinity of widely stretching swamps, full of deadly fever germs,

attacked by day and t)y night by ubiquitous insects. If the explorers

of other nations are constantly ready to endure such sacritices of

health, nay, even life (the cemeteries of Bagdad and Aleppo bear wit-

ness to it), to science, it is certainly high time that Germany, too,

imbued with a similar lofty national and scientific enthusiasm and

readiness of self-sacrifice, put her hand to the raising of those treas-

ures which are most valued by herself. There is certainly no lack of

men who are ready for any sacrifice in the service of the fatherland

and of science. As for the money, all Germany will certainly be able

to do what a few generous citizens of a single American city, Thila-

delphia, have accomplished, they having defrayed the expenses of

three expeditions from 1888 to 1896, amounting to 280,000 mai-ks

($70,000). The self-sacrifice of generous Germans, which from 1S88

to 1S91 rendered possible the successful excavations of the (^(u-man

Orient committee at the mound of ruins in Sendjirli, in northern

Syria will certainlv not be wanting for researches on the r,al)ylonian-

Assyrian ruined sites, which, in all human probability, will be nnuh

more successful, and will put the newly organized (ierman Orient

Societv in a position to energetically carry out from now on uninter-

ruptedly and in a constantly widening compass its eftorts for the si udy

of western Asiatic as well as Egyptian antiquity for the prosp.>r.ty o

German museums and German science and for the glory and honor ot

the German fatherland.
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Assyrian Battle Scene, from Northwest Palace, Nimrud.
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ON ANCIENT DESEMERS OR STEELYARDS.

By Hekrmann Sokeland,

The Anthropological Society of Berlin has occasionally received
descriptions and seen exhibitions of simple weighinji" instruments
which were called, in German, desen, desemer, besemer, or bescn. A
discussion in the Folklore Society of Berlin resulted in decidino- in

favor of the form "•desemer."^

I was thus led to inquire what was known about such balances.

Two ways suggested themselves for prosecuting this inquiry by tes-

timonies and by monuments; that is to say, by reading what is recorded

on the subject in books, and ])y directly comparing German desemers

with more oi- less similar instruments of other peoples and ages which

ai-e to be foiuid among the treasures of the different museums of Berlin.

Though there are many sterling works upon the construction of

e\(.'ry concei\able description of balance, and an extensive literature

of weights and measures, yet I have succeeded in finding nothing

worth mention concerning the development of that which might well

1)0 suspected to have been the first device for weighing— the desemer.

So crude a contrivance could have no interest for the artiticer. Besides,

the simple but imperfect instrument which is called in north Germany

a desemer has become almost unknown to the present generation, and

the consequence has been an increasingly frequent confusion between

the desemer and the Roman steelyard. What we mean by a desemer,

or. as it is called in the Altmark, an Uenzel, is something like a steel-

yard of wood or metal having its counterpoise fixedly attached to it,

while the piece upon which it rests and turns can be shifted. The

Roman balance, or what is usually understood i)y a steelyard, the Ger-

man Pfiinder, has, on the other hand, a fixed fulcrum and movable

•Translated from Verhandlungen der Berliner Gesellschaft fiir Ethnologic, etc.,

Berlin, 1900.

^It has l)een assumed that this word is the same as "besen," the English form of

which is "besom." The "steelyard" is so called because it was fi ret used on the

left.bank of the Thames, at a place where the Hanse merchants sold steel. It seems

quite possible that the original form of the balance used there was the desemer.—Tr.
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fouiiU'rpoi.sc, iiuikiiiji' three essentially separate pieees instead of the

two of the desemer. We are to distinj^uish earefull}', then, between

(1) The desemer, with fixed wei^iit and shiftint;: fulcrum, not neces-

sarily having more than two separate pieces, and

(2) The Roman balance, or common steel3'ard, witii shifting;" weij^ht

and fixed fulcrum, necessarily haxin^" three pieces at least.

Alth()ui;li the desemer is the subject of the present comnuuiication,

yet in order to form some rational conjecture concernin*^ the course

of its evolution, to comprehend the relation between the three kinds

of historical balances (the modern spring- balances, aneroid ))alances,

torsion balances, hi^rizontal l)alances, hydrometer balances, etc., being

left out of account), and to decide whether or not the two-pan balance

can be considered as the first step toward the unecjual-armed l)alances,

it will be necessary to begin by studying the two-])an l)alanc(\

We shall be forced to rely, as I have said, almost exclusively upon

c )inparisons l)etw'een objects in the collections; and before going

further it behooves me to expres.s my grateful thanks to those who

Fi<;s. 1 From Krinim's Ku'.VT>t.

have them in charge foi' the assistance wliicii they have geiuM-ously

extended to me, and without which I should have been uiial)lc to-day to

collect and exhil)it what 1 have to show you.

We shall have to admit both the two-pan balance and tlu^ desemer

in its rudest form as the simi)lest and most primitive weighing appa-

ratus. Indeed, it is probable that l)oth inventions are primeval and

that they were made by ditierent peoples at diti'erent times. The
invention was easy to make. Many occupations had made it clear

that if a ))ar be in any way supported in the middle, both ends must
V)e equally loaded in order to bring it into the horizontal position.

The neck yoke or portage l)ar, so often seen on ancient Egyptian

walls (tigs. 1 and 2), or the plank resting on a narrow support, the

delightfid seesaw of children, called in America a "tilt," in Germanj'

a "wippe," constitutes a readj^-made equal-armed })alance as soon as

anybody thinks of putting it to that use.

Wilkinson, in his Ancient Egyptians, gives a drawing of a goldsmith,
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aftin- the picture found at lieni-Hiissan. It shoAvs two men occupied
in weig-hing gold rings. The tigure of the balance .seenis to represent
about the .simplest possible equal-armed scales. Fig. 4, albeit a sym-
bolical representation from the classical age of Greece, appears to
corroborate the inference from fig. 3 that the primitive equal-armed
balance was supported from below. ^ That arrangement, however, did

-w-X^ZiiTVv'

Fi(i. 3.--Fr(iiii Wilkinson's Ancient Egyptians.

not long ])revail, for soon the beam begins to be suspended fi"om a

central axis. For a time there was no contrivance, such as a tongue,

by which the horizontal position of the beam would be directly and

unmistakably shown. On the great amphora of the Taleides (fig. 5),

dating perhaps from the sixth century before Christ, such a Imlance is

figured. Instead of a tongue there is a

simjde crosspiece sei'ving to limit the

motion of the beam. P^ijuilibrium in

weighing out a predetermined amount

of goods would be shown b}^ the beam

beginning to swing freely, for the lowest

part of the crosspiece is on the side of

the goods pan, so that the weight pan

would be prevented from sinking too

much when it overbalanced the other.

The same object was accomplished by

the P^gyptians more ingeniously (fig. 6).

One arm of the balance passed loosely through a ring which hung

upon a round rod above the beam and parallel to it. This rod was

often in the form of the hind leg of a baboon that crowned the

balance as an image of Thoth, the ordainer of weights and nieasures,

and god of time. Below the ring hung a short plummet. When this

plummet and ring were free the beam did not touch the ring, and the

•
N<... 3 is prevented from upsetting by elbows in the arms, an.l Nn. 4 by n.llii.- ..n

a cylinder.—Tr.

SM iyo(j 39

Fig. 4.—From Baumiistcr's Monuments
of Classical Anti(iuily.
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woiiilit must Im' coii'cct. This riu^^^ ])n'vcn(('(l citlicr |):ui from s'mkiiijr

too far.

N(Mth('r of these iirranj^omeiits allowed the l>eam more than a \cry

limit(Ml i^lay, and from this it may be inferred that they lacked one of

the primt' reijuisites of a f^ood l)alanee. namely, that tln^ e(|uilil»rium

should he stable, ho that when unloaded oi- carryino- eijual load.s the

l)eam should tend to return to the horizontal position, howt'ver far it

mi^lit ha\-e been displaced. A later improvement was to suspend the

l)eam t)y a rin*;- attached to its upper side in the middle, as is seen in

fiL'". 7. from Ko;ypt and H<r- '••• from Ja])an. The same mode of sus-

pension was employed in the (•orrespondinj:^ stiige of development of

the balance in ancient

(Ireece and Home.

Although the ton<i'uc

is wantinii". beiny re-

placed in K«iV])t l)y a

somewhat dirt'erentl}'

constructed plummet,

yet a fairly complete

weighin*^ ap})aratus has

now heen I'eached, since

th(» two ])rime recpii-

sites of small friction

and a position of the

a.xis of rotation some-

what above the line of

junction of the j)oints

of suspension of the

pans are both present.

That t)oth these condi-

tions must be fulfilled

in order that the scales

may work well, the

reader need not be in-

fornuHl. But whether

these important improvements may not have been adopted in the first

instance without any clear anticipation of their advantages is at present

left undecided. The monuments show that they were in fact adopted,

and weighing could be performed very well upon such a balance, \n-o-

vided the weigher were able to judge when the beam was horizontal.

In those days, however, as now, many persons were unable to do that,

and therefore a further improvement was called for. This was soon

supplied by the attachment of a linger or little stick at right angles to

the beam, which, passing across a line of some kind, whether in front

of it or behind it. or both, should point out any departure from the

position of equilibrium. This is what we call the tongue. It is shown

Fig. 5.—From Baumeister's Monuments of Classical Aiiticinitv.
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in rt^rs. 7 ;ind s.' The Egyptian contrivance tailing the place of the
tongue, which was constructed of a pliniib bob and three strings,
answered its purpose as perfectly as the more usual linger rigidly
attached to the beam. Only in the horizontal position all the threads
are equally taut, and the slightest tilting slackens two of them.
The introduction of the tongue was a great advance. In many cases

Fic. (i.—From Wilkinson's Ancient Egyptians.

it showed whether the ))alance maker understood the theory of the

balance. Even if he paid little attention to the friction, yet if he put

the axis of I'otation in the right place he could weigh pretty well with

his balance in spite of all its imperfection, as a balance from Bavaria

bch)nging to the Museum of Costumes shows (fig. 10). It is composed

entir(dv of wood. Even the axis of rotation is made, in the crudest

Fjq. 8.—From Erman's Kjjypt.
Fig. 7.—From Erman's Egypt.

way, of a round stick. Yet it will weigh light objects pretty well,

because the axis of rotation is well placed. With 4 pounds in each pan

I So reads Sr.keland's text, an<l certainly in fi^. 7 the plunil) bob seems to be hung

by two strings, between whicli is a little tongue fixed to the beam. The plummet

thus accomplishes the same purpose as the spirit level on a modern balance of pre-

cision, but more directly and neatly. A third cord to a plummet would be .luite

purposeless and un-Egvptian. The tongue between the two cords nnght be <hs-

pensed with, but the arrangement would be far more sensitive with it— I'r.
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Fin. 9.—From Audsley's Onui
iiHMital Arts of Japiiii. l>>ii

(Ion, 1HK2.

(2 kilos) it iioods fully one-third of an ounce (1<> <ir;uns), or one two-

hundredth, to turn it .sensibly. The re^julations of tiie Prussian stand-

ards office would rc(|uirc it to turn with 80

trrains (2 o'ranis), or one one-thousandth.

The givin<i- of a tongue to the halance nui}'

l»e regarded as niarkino- the substantial coin-

l)lction of the inv(Mition, and further inipi-ove-

nients were confined to details, to diminution

of friction, and the like. These last perfected

the instrument, and w'e may now pass to the

origination and perfecting- of the simplest of

the une<iual-armed weighing- machines, which

is the desemci".

The san)e familiar experiences from which

we drew a conjectural account of tiie first

idea of an eipial-armed

balance suffice for a possible explanation of

the orij^in of the de.senier. In seesawiiijif, as

in using the porter's yoke, it could not but

l)ecome well known that very unecpial loads

could l)e bahmced by shifting the point of sup-

poit. The idea would also be directly sug-

gested b}' the use of levers to lift great loads.

A desemer which should consist simply of a

staff without any special counterpoise and

without any graduation would be made as

soon as it occurred to the person concerned

to apply the otherwise familiar

principle to this new purpose. I

therefore figure the first desemer

as an ordinary stick, with some-

thing fastened to the end of it to

carry the thing to be weighed.

That only a few difierent weights

could be distinguished by so rude

an apparatus is evident. But an

example from Assam (fig. 1 1) shows

that just such simple apj^aratus

was actualh' used.

The stafl' is unloaded, so that,

long as it is, but few discrimina-

tions of w'eights could be made
with it. But the beginning once

made, the inventor had learned how
to weigh with no instrument but a stick and a string. In practice it

would soon be found that the stick \\'as inconveniently long, and if

Fk;. U).—Berlin Musi'uni ul" (icr-

man Costumes.

-Royal Ethnological Mnscum of Berlin

One-eleventh natural size.
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the object were simply to ascertain whether a mass was up to a standard
weight or not, the apparatus could l)e made handier l)y simply thick-

ening the free end of the stick, as shown
by an example (tig. 12) from Bhutan. This

instrument onh' shows whether a thing does

or does not weigh as much as a pound (500

grams). A balance from Assam (tig. 13)

is made in the same way. Although it is

made of nothing but a cocoanut shell, a

stick, and three strings, it is not without a

certain elegance. Such simple apparatus

could be adapted even to the weighing of

gold and silver, as a balance (fig. 14) from

the Himalaj-as shows. It will weigh grams

(93 grains) and 3 grams (46 grains). In spite

of the unsuita})le shape of the stafi', we here

tirst find two ditferent Aveights marked. The

use of such a balance would be sure to sug-

gest the making of an instrument for dis-

criminating a greater range of weights. To

do that, however, the conical shape of the

staff would have to be abandoned because of

the tendency of the suspensory thread to

slip upon it. Yet it would not do to give

up the counterpoising effect of the thickened

staff, so that a knol) at the end of a cylin-

drical stick would force itself upon the

maker, as in the balance of tig. 17, which

comes from Thibet and is said to be a fish

scales. By means of the notches cut upon

it to mark places for the suspensory thread

it will weigh li^ ounces (37i grams), 2|

ounces (75 grams), 12^ ounces (;'550 grams),

I7f ounces (500 grams), 23 ounces (050

grams).

This is a practical instrument, for the

principle of the form and dimensions of a

good desemer is followed; but the hignest

weight that can be ascertained is small.

This fault, however, could easily be rectified

by loading the knob with lead, iron, sand,

or something, as our (lerman desemer (tig.

16) shows. This will weigh up to 30 pounds,

first at intervals of 1 pound and for higher

weights of 2 and 3 pounds. Simple bras pegs, as everybody knows,

running to the end of the staff, shov, the weights with tolerable

Fig. 12.—Royal Ethnological Mu-
seum of Berlin. One-.sixth natu-

ral size.

Fig. 13. -Royal Ethnological Mu-

seum of Berlin.
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Fiii. II.— Kciyiil Kthnidofficiil

Miisciiin of lU-rlin. (Hir-

fiiiirtli imtnnil si/t-.

acc'unu'v. ^\'ith this staj^e of dovelopiiKMit a handy instrunuMit, suffi-

cient for ordinary purposes, was reached. How very simple such

a balance may be is shown by an example (tig. 17) from White Russia,

the pi-operty of Mr. Bartels. It consists of a stick with a natural

knob as counterpoise, and will weij^h u}) to 80 pounds and more in

about twenty distinct quantities.

In many places such simple contrivances are

us«>d «'ven in the shops. But it nuist soon be

found that the state of dryness or moisture of

the wooden knob affects the weight, so that the

scale is dcrang(>d. In order to meet this ditlicultj'^

desemers were made with iioliow counterpoises,

which could l)c tilled with sand or pieces of iron

(tig. IS), and thus the balance could easily be cor-

rected. It is also possible that this arrangement

served the cheat. On the frontiers desiMuers

were in use which, like that of Kg. l!>, had two

scales, for (Tcrman and Russian units.

All the designers so far considered are wooden, ]^ut d(\semers were

iiiso nijide of iron, as one fiom the province of l>ran(ienbui'g (tig. 20)

:iiid (tiie Iroiii Tiliet piove (hg. 21). This German instrument is only

for heavy goods, while the Tibetan runs from 1 oiuice (80 grams)

to 5^ pounds {2h kilos). This balance can only have been used for

weighing gold, since its

tiny pan would not hold

such a weight of other ijia-

terial.

We have now made the

acciuaintance of an entire

series of desemers, and have

seen that they can be used

to weigh fi'om 30 pounds

down to a drachm—))ut not

with any one example. The
Cierman desemers are con-

lined to large weights; the

Thibetan to small ones.

The limitations were not,

however, universal; for

the Romans had desemers,

which, in addition to an

essential advantage which the}' share with those of Tibet, also

embraced a nuich more extended series of weights.

Three Roman balances of this description have been brought to

light, of which onh' two, so far as is known, still exist. The finer of

these two, shown in tig. 22, is supposed to have come from Chinsi

Fig. 1ft.—Royal Ethnologiciil Mii.s(_niin of Berlin,

.si'venth natural .size.
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(Chesiuin). Although of a peculiar form, it is a regular de.semer,

having- the distinctive characteristics of a fixed counterpoise and
nK)val>l(> fulcrum and consisting essentially of two pieces. Shortly

after its purchase it was made the subject of conuniinications to the

Berlin Archeological Society hy Messrs. Robert and Lchniann.' This

bronze instrument is in the form of a pillar whose capital and base

are cut into steps. Springing from the under side of the base is the

Fkj. It).—jrusciini (if (ii'i'inaii Costumes. Two-fifteriitlis natural size.

front half of a panther, finely worked. This is the countei'poisc. At

the liead of the pillar there is an e3'elet from which hang three hooks,

each terminating in a swan's head. Parallel to the pillar and above it

(when the balance is in use) is a straight bridge, fiat in the vertical

plane, which carries a scale of numbers. For every number there is

a notch in the under side of the ])ridge. Instead of the usual suspen-

FlG. 17.—Twn-lifteeutlis uulural size.

sory thread there is a bronze handle, in which a slit or oblong hole

incloses the bridge.^ The lower part of the handles .n tfie form ot a

plate, and the lower edge of the hole in it, which edge is horizontal, .s

sharp enough to enter loosely in the notches in the bridge.

In 1898, AssistantJ3irector Pernice subjected the^balance to an

-
TArchiu^gisd^Anzeiger, 1889, S. 117; 1891, S. 138.
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exact examination and coinnmnicatpd his ivsults to the An'hoolog-ical

Society/ Direct vvcijjcliinus showed Pcrnicc that the tliree hooks must

have carried a pan weighing 14 ounces avoirdupois (400 grams, or

a Roman pound and a (lUarter). for this makes the weights agree

with the numlHM-s engraved al)ove the notches. The k'tter A marks

the zero, and the pan must balance when the tulcium is placed there.

The scale begins with a Roman ounce (O.HfJ ouiu-e av<)irduj)<)is. 27.288

grams: and tiie jxmnd of a i)art of Etruria was, according to Ilultsch,

Fit;. Is.— Miisomii of Gerumii C(»stiinit's. Twd-liflcciilhs iiiitiinil .^izi-.

the .same as the Roman j.ound). Tiien follow 2. .".. I. .'>, ti. 7. S. !», 10, 12

ounces, or 1 Roman pound. Tiie diflerences now begii to be gi-eaier;

for the numbers run 1. 1'. 1:\, U, i;i, 2. 2|. 2i. .S. 8^, 4, 4^, "). C. 7,

s. It. 1(1, 12. 1."). 20, 2.*), 30, 40 pounds.

Tiie .si'cond Roman desemer is now. as Mr. l*ernici> shows, in Pa-

lermo.' Except that it is provided with a bridge, it resembles the iron

desemer of Brandenburg (fig, 2(i). But its scale showed that it gave

Fig. 19.—Museum of Gorman Costumes. Two-fiftceutlis natural size.

weights even more exactly than the Clusimii balance. As before let-

ter A marks the zero, placing the fulcrum at which before weighing,

equili})rium must l)e produced before the goods to l>e weighed are at-

tached. The scale then proceeds from 1 ounce by single ounces to 2

pounds, and then as follows: 2i, 2i, 2f, 8, 3^, 4, 4i, 5, 6, 7, 8, 10, 12,

15 pounds.

The third Roman desemer is known only from a figure in a Paris MS.

^Jahrbuch des Kaiserl. archaolog. Institutes, Vol. XIII, 1898, 2d part.

''A figure of this desemer is to be seen in the Annali for 1889, Tavola 1^.
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It was quite similar to the other two, ])ut weighed more exactly than
tht^ Clusium balance and ran up to 40 pounds. But both this and the
Palermo balance are far inferior in finish. The Clusium balance prob-
ably dates from the third or fourth century before Christ.

Pernice's description of this balance on the archeological and metro-
logical sides is exhaustive. But as a member of the developmental
sei-ies of those balances called desemers, it then appears that a o-reat

technical advance is made over the instruments previously considered.

Fu;. 2().^>r\iscuiu of GiTra;ui Costnnu
natural size.

TuD-liltct'iiths

I refer to the raising- of the bridge above the staff which carries the

load and counterpoise. Nothing like this has been seen in any of the

desemers ])i'eviously examined. Why did the Roman deface his ele-

gant instrument with this uiibeautiful bridged At first sight one might

be inclined to suppose that it was simply to make the num})ers show

betrer. But that hypothesis will not answer. The ])ridge, with the

sciil«\ might just as well have carried the load and counterpoise too.

There must have been some other reason, and a good reason there is.

The two prime requisites of a

good balance are, as is well

known, that the friction shall be

as small as possible and that the

equilibrium shall be stal)le wheth-

er the balance is loaded or not.

The center of gravity nmst, for

that purpose. ])e below the point

of support.'

Now German desemers, as we

know ])y experience, remain still

when in equilibrium without os-

cillating. They can not oscillate,

for the moment the departure

from equilibrium is sufficient to overcome friction they turn, with no

tendency to return, and slide down on one side or the other, because

the point of support is below the center of gravity. If a pound is in

equilibrium on the desemer, and one side or other is pressed down.

1 If it is too' far -teb^Mtt^lance will not be«ensitive enough; tfiat is, its position

of equilibrium will be t«o little changed by a small change of the weight m one j.an

If the renterof gravity is too close below the point of support, the oscillations an.l will,

them the whole operation of weighing will become slow and tedious. In tact, as 1. .ng

as the friction remains the same the excess of weight in one pan required to uvcr.nnu-

-Koyal Ethnological Museum ol' IJrrlin.

One-.sixtl) natural size.
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instead of tending to restore itself (as an oM-illatini*" l>alanee will), it

tends to go farther, so that the side pressed down appears to grow
heavier. Such behavior (calh'd "" upsetting" in English) is a grave

fault, for. in oixler to weigh, it is necessary not only to shift the

fuleruni hack and forth, hut. all the while, to take care that the har

is horizontal.

The Romans perfectly understood this fault. In saying this it is

assumed that the halance of Clusiuni does not represent the Hrst in-

vented form. It must, surelv. ha\'e had its forei'unn(M-s, which d<)ul>t-

-Antiiiiinrium, Berlin. Reproduced from Yearbook of German ImperiMl .Xrclioolotficiil

Institute, Vf)l. XI U, 1«<J«. One-third natural size.

less resembled the (Termaii desemers in respect to the position of their

point of support, and therefore shai'c^l their inconvenience. In order

to use such a l)alance in retail ti'ade it was necessary to have one which

would come hack to the position of equilil)rium. It is one thing to

weigh a given thing or collection of things, which is almost all that our

the friction remains just the same whatever the height of the fulcrum; for though the

weight acts more nearly at right angles to the radius from the center of rotation to

the center of gravity when they are closer together, yet the leverage is smaller in the

same proportion. It is, therefore, generally better to rely upf)n optical means, such as

a very long tongue, to show small departures from eijuilibrium, rather than to Ijriiigtlic

center of gravity so near the axis of rotation tliat the friction can arrest the balance

in any sensil)ly oblique position. But tbe most intolerable fault is to bave the center

of gravity above the axis of rotation, so that there is a tendency to "upset."—Tr.
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(xeniian desemers are used for, and quite another to wei^h out a
desired quantity of any commodity, which is the common problem of
the retailer. If it is desired to weigh a goose, or several tish in a net,

it can be done with a connuon desemer, with the reiiuisite skill. But
to weig-h out 5 pounds of pease with a desemer is a difficult task, indeed,
for none can be taken out or put in while the balance is in action,

because it does not oscillate at all, but simply '' upsets" as soon as the
departure from equilibrium is sufficient to overcome the friction

Now, since it was the custom in ancient Rome to use balances on the

principle of our desemers in shops, as the Clusium balance proves, it

follows that men were directly required to think out improvements
wherel)y the desemers, when loaded, should oscillate. Now the two-

pan balances made l)y the Romans were constructed essentially right.

The position of the axis of rotation was correct, which is the essential

condition for the oscillation of the balance. In order to make their

desemers oscillate, and so luake them practicable for shopkeepers, the

Romans inti'oduced the bridge above the pillar. The lower end of the

bronze handle from which the other piece hangs is quite above the

center of gravity of the latter, so that a fine oscillation and return from

every oblicpie position must have resulted. You can see how the

bridge works l)y simply attaching one made of wire to the common
(icrman desemer, when you see how much l)etter it works and how

well it oscillates. The ancient Romans, doubtless, attached that ugly

bridge to their beautiful balance just to cure it of that quite intoler-

a>>le fault. It looks like an excrescence upon the original design.

If \ou ask why desemers so seldom are furnished with such bridges,

the answer is it is not the only requirement that a balance should oscil-

late; it uuL^t also be sensitive. It has already been remarked that

a good balance ought to have its point of support oidy a little above

the common center of gravity of the beam, the load (placed where

attached), and the counterpoise. The higher the point of support the

more the sensibility is lost.^ For example, this German desemer

leaves the horizontal position with an overload of one-fifth or one-

sixth of an ounce (5 or grams), but, with the ])ridge, it needs a])Out

half an ounce (15 grams) to give a perceptible turning. So it is with

the Clusium balance; it needs a third of an ounce to turn it percepti-

bly, so that it never could have answered for fine weighmg. In point

of sensibility, therefore, this l)alance left much to be desired.

Whether "the Romans ever improved any further upon this type of

balance, or passed directly to the steelyard with the running weight,

or to this latter through the two-pan balance with a rider, sucn as has

been found in Pompeii, remains undecided. The sensibdity of the

Clusium balance certainly might have>een greatly i.K-reased witJiout

' Fig. 17 8hmv^^7d^s^iu«Jr7vh^h inuHt combine nensibiiit y uitl) rapi.l weighing and

which certainly would not upwet, but would osc-illate.—Fr.
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spoiling- tho oscillations. Thus tho sonsihility niiirht easily have boon

made foui' times as great, only douhling the period of oscillation.

The Thibetan desemers show this. That of tig. 15, for example, has

a general resemblance to the (Jerman desemers. except for ha\ing a

pan. But the mode of suspensioi l>y the string is altogether dirt'erent.

Our desemers are balanced on the string, which is stretched straight

bv th(> handle, while the Thibc^tan string forms a sling which closes

ujxni the start". This alone would suttice to raise the axis of rotation

to about the middle of the start: l)ut, in addition, grooves are cut in

the start' of such a form as to i-aise the turning axis still higher. The

result is that the Thil)etan desemers oscillate; and. in fact, their sensi-

bility is ((uite high, considering the simplicity of their construction.

We hav«' seen that they would show distinctly the (>rt'ects of very small

weights. Even our (ierman desemer. hung in the same wa}', will show

a departure fron\ equilibrium of only one-seventh to one-tenth of an

ounce (o or 4 gi'ams). 1 hardly need say that cutting the grooves

in\-olv('s the displacement of the scale. It will now l>c ])laced on the

side of the stati. where it can l»e read oil during the operation of

weighing. It is not necessary, as with our desemers. to turn th«> thing-

over and look on the under side. (The desemer of tig. 17 certjiiidy

would not upset.)

We now come to the puzzling (|uestion, how it can be that the

German desemers are so uuich ruder than those of Thibet. As far as

1 can see there can be no mistake about the fact, though it is so

astounding as to raise doubt at first. 1 have examined about lift}'

desemers. of which thirty were our property and were in actual use at

the time we acquired them. The mode of weighing on strings is the

same in all. and the scale is always on the under side. Indeed, the

wooden handle for the string can not be managed in any other way.

The Russian desemers were used in the sjime way.' Why did not we,

like the Thibetiui mountaineers, discover this simple improvement?

My opinion is that it was because we were not forced to it.

In conclusion, let me call attention to one thing more about tlie

Clusium balance. We have seen that this weighs down to a single

ounce. Now . in the Altmark, the desemer is called '' uenzel." Before

the discovery of the Clusium l)alance no satisfactory explanation of

this name had ever been suggested. No German desemers capable of

weighing to an ounce are known. But perhaps it is now permissible

to infer that in the Altmark, which is very rich in Roman remains,

balances were formerly in use which, like that of Clusium, weighed to

ounces, and that, as the steelyard is called in German a "'pfunder,'"' so

the name of these balances passed over to the ordinary desemers and

has been retained to this day.

'But not that of fig. 17, which must oscillate and haa a string.—Tr.



MUTUAL HELPFULNESS BETWEEN CHINA AND THE
UNITED STATES/

B}^ His Excellency Wu Ting-Fang,

Chinese Minister to the United States.

Trade, which lies at the foundation of international intercourse, nas

an eminently selti.sh origin. It is a constant maneuver on the part of

ni3n to sell dear and buy cheap. Since each party in a commercial

transa-tion seeks only his own advantage, it was for a long time

thought that one of them could gain only at the expense of the other.

Thus the ''mercantile system," which for centuries held Europe spell-

bound, made g'old-getting the end and aim of all commercial activities.

The promotion of iriendly relations with the object of securing an

exchange of benefits was not considered of even secondary importance.

Then came the navigation laws, which had for their avowed purpose

the crippling of all rival shipping by laying a heavy tax upon the

carrying trade of foreigners. Though such measures are no longer

considered advisable in the commercial world, their baleful effects are

still felt in the political thought of the present time.

Nations now enter into friendly relations with each other because

it is believed that both sides are benefited by such relations. Their

transactions can not be one-sided affairs, for the simple reason that it

takes two to make a bargain. If one party is dissatisfied with the

arrangement, the other party will not long have an opportunity to

enjoy its benefits.

Confucius was once asked for a single word which might serve as a

g-uiding principle through life. "Is not reciprocity such a word
T'

answered the great sage. "What you do not want done to youi-selF,

do not do to others." This is the " golden rule" which should govern

the relations of man to man. It is the foundation of society. It lies

at the bottom of every system of morality and every system of law.

If it holds good with respect to individuals, it ought to hold good

with respect" to nations, which are but large aggregations of individ-

uals. Therefore, if permanent relations are to be established between

two nations, reciprocity nuist be the keynote of every arrangement

entered into between them.

1 Reprinted by permission from the North American Review, No. DXXIV, July,

1900.

'
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llaviiim' rccoo-nizcd tliis orcat ])riiK'i})U' of iiitcniiitioiKiI iiitcrcourso,

how shall Avc apply it to tlu> case of China tiiul the Tnited States in

.such a iiiaiuier as to result in mutual helpfulness^ Assuredly, the

Hist thin*;- to do is to take a o-eneral sui-v(\v of the situation and see

what are the present needs of each o«-)untry. Then we shall perceive

clearly how each may help the other to a hij^her plane of material

development and prosperity.

The United States now has its industrial maehinery i)erfectl3'

adjusted to the production of wealth on a scale of unprecedented maj^-

nittide. Of land, the first of the threi^ ajj^^'nts of })roduction eiuimer-

atcd liy economists, the Fiiited States is fortunately l)lessed with an

almost uidimited amount. Its territory stretches from ocean to ocean,

and from the snows ()f the Arctic Circle to the broilino- sun of the

Tropics, ^Vithin these limits are found all the products of soil, forest,

and mine that are useful to man. AN'ith respect to labor, the second

aji'cnt of production, the Tnited States at first naturally suffered the

disadvanta*,^' common to all new countries. But here the j^enius of

the peoi)le came into ])lay to relieve the situation. That necessity,

which is "the mother of invention," substituted the sewing- machine

for women's Hnj^ers, the ^IcC'ormick reaper for farm hands, the cotton

gin for slaves. The etticiency of labor was therein' nmltii)lied, in

many cases, a hundredfold. The inirenious manner in which capital,

the third a^'ent of jiroduction, is put to a ])rotitable use, is e<pially

chai'acteiistic of America. Jt is well known that there is an enoi'mous

amount of capital in this country seekinjj investment. Everyone

who has a little to invest \vishes to olitain as lary^e a return as possi-

})le. Since competition reduces profits. th(> formation of industrial

combinations, commonly called trusts, is foi- the capitalist the logical

solution of the difliculty. These enal)le the vast amount of ca])ital

in this country to secure the best results with the greatest economy.

Whether tlu'v secure " the greatest good to the greatest number" is

another matter.

The (level()])ment of the resources of the United States by the use of

nuuliinery and by the combination of capital has now reached a point

which may l)e termed critical. The j)roductive power of the country

increases so much faster than its capacity for consumption that the

demand of a population of 75,000,000 is no sooner felt than supplied.

There is constant danger of overproduction, with all its attendant con-

sequences. Under these circumstances, it is imperative for the farm-

ers and manufacturers of the United States to seek an outlet for their

products and goods in foreign markets. But whither shall they turn ^

At first sight Europe presents perhaps the most inviting field. Both

blood and association point in this direction. But here the cottons of

Lowell would have to compete with the fabrics of Manchester, The

silk manufactures of Paterson would stand small chance of supplant-
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ino- tlic rinislu'd products of Lyons. The ,sug-ar of Louisiana would
encounter a fonnidahle rival in the beet-sugar of Germany. Eno-land
could prol)a))ly better afford to sell her coal and iron (•heaper'^than
Pennsylvania, and Russia could supply European markets with wheat
and petn^leum as well as could Ohio and Indiana. Competition would
be keen and destructive.

Central and South America have as yet too sparse a population for

the immense territory they cover to meet the conditions of a market
for American goods. Some decades must elapse before American
farmei-s and manufacturers can look to that quarter for relief.

But on the other side of the Pacific lies the vast Empire of China,

which in extent of territory and density of population exceeds the

whole of Europe. To be more particular, the province of Szcchuen

can muster more able-bodied men than the German Empire. The
province of Shantung can boast of as many native-born sons as France.

Scatter all the iidiabitants of Costa Rica or Nicaragua in Canton, and

they would be completely lost in that city's surging throngs. Trans-

port all the people of Chile into China and they would fill only a city

of the first class. Further comparisons are needless. Suffice it to sa}'

that China has her teeming millions to feed and to clothe. Many of

the supplies come from outside. The share furnished b}' the United

States was consideralily larger last year than ever before, and might be

greatly increased. According to the statistics published by the United

States Government, China in 1899 took American goods to the value

of $14:, 4:i\7, 4:2-2, of which amount $9,S4-1:,565 was paid for cotton goods.

All the European countries combined bought only 11,48-1,363 worth of

American cotton manufactures during that same period. The amount

of simihu- purchases made by the Central American States was

$737,259; l)y all the South American countries, $2,713,967. It thus

appears that China is the largest buyer of American cotton goods.

British America comes next in the list with purchases amounting to

12,759,161. Cotton cloth has a wide range of uses in all parts of the

Chinese Empire, and it is almost impossible for the supply to c(iual

the demand.

Up to the year 189S cotton goods and kerosene were the only articles

imported from the United States in large enough quantities to have a

value of over $1,00(),<)()0. But I notice in the statistics published by

the United States Government for the year 1899 that manufactures

of iron and steel have also passed that mark. This is due to the fact

that China has now begun in real earnest the work of buildmg rail-

roads. The demand for construction materials is great. Ihe value

of locomotives imported last year from the United States was ^732,21 2.

Besides the articles mentioned there are many others of Americaii

orioin which do not fiuure in the customs returns as such. These find

theJr way into China through adjacent countries, especially Hongkong.
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At lejist tlireo-foiirtli.s of the imports of Hono-konji', iiotii))ly wheat,

flour, iuul canned goods, arc destined for consumption in the Chinese

mainland.

Such is the present condition of trade ])etween the United States

and China. That trade can be greatl}' extended. Let the products

of American farms, mills, and workshops once catch the Chinese fancy,

and America need look no farther for a market. The present popu-

larity of American kerosene ilhistrates tlie readiness <^f the Chinese to

accept any article that tills a long-felt want. They have recognized

in kerosene a cheap and good illuminant. nuich suixMJor to their own

nut oil, and it has conse({uentIy found its way into distant and outl}'-

iiig parts of the Empire, where the very name of America is unknown.

Stores in the interior now send their agents to the trinity i)orts for it.

In the saujc way foreign-made candles, because cheaper than thos(> of

home make. ari> st'liing easily in China. I would suggest that Amer-
ican farmers and manufactuicrs might tind it to their advantage to

study the wants and lial)its of tlie Chinese and the conditions of trade

in China.

Thus we see that China can give the United States a much-needed

market. What, on the othei- hand, can the United States do for

China? Let us consider China's stock of the three requisites for the

production of wealth land. lal)or, and ca])ital.

The Chinese Em}nre embraces a contimious territory which stretches

over 60 degrees of longitude and 34 degrees of latitude. Nature has

endowed this innuense region with every variety of soil and climate,

but has, however, scattered her bounties over it with an uneven hand.

That portion which comprises the eighteen provinces of China Proper,

extending from the (Jreat AVall to the China Sea, and from the Til)etan

plateau to the l*acitic Ocean, is inore highly favored than the; rest.

AVhenever China is mentioned it is generally this particular por-

tion of the PjHipire that is meant. On this land hundreds of genera-

tions of men have lived and died without exhausting its richness and

fertility. There remains for generations to come untold wealth of

nature lying hidden within the bowels of the earth. Th(», mines of

Yunnan, though they have for centuries supplied the Government
mints with copper for the coining of those pieces of money commonl}'

known as cash, only await the introduction of modern methods of

extraction to yield an annual output as large as that of the famous

Calumet and Hecla mines. The sands of the Yangtze, washed down
from the highlands of Tibet, contained so much gold that that part of

its course as it enters the province of Szechuen is called the River of

Golden Sand. Much more important than these, however, are the

deposits of coal which underlie the surface formation of every

province. All varieties of coal are found, from the softest lignite to

the hardest anthracite, and in such quantities that, according to the
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careful estimate of Baron Richtofen, the famous German traveler and
jreolog-ist, the province of Shansi alone can supply the whole world, at
the present rate of consumption, for three thousand years. In most
cases beds of iron ore lie in close proximity to those of coal and can
hence be easily worked and smelted. In short, the natural resources
of China, both in variety and quantity, are so great that she stands
second to no other nation in potential wealth. To reduce this poten-
tiality to actuality is for her the most important question of the hour.
For this purpose she has an almost unlimited supply of labor at her
command.
Every village can count its thousands of laborers, every city its tens

of thousands. Experience proves that the Chinese as all-round laborers
can easily distance all competitors. They are industrious, intelligent,

and orderly. They can work under conditions that would kill a man
of a less hardy race; in heat that would suit a salamander or in cold

that would please a polar bear, sustaining their energies through long
hours of unremitting toil with only a few bowls of rice.

But have the Chinese sutficient capital to carry on their industrial

operations ? Thej^ are a nation of shopkeepers. What capital they

have is usuall}^ invested in small business ventures. It is their instinct

to avoid large enterprises. Thus the capital in the country, though

undoubtedly large, may be likened to a pile of sand on the beach. It

has great extent, but is so utterly lacking in cohesion that out of it no

lofty structure can be built. Before China can be really on the high

road to prosperity it must find means of fully utilizing every economic

advantage that it has. Modern methods are its greatest need. Here

is America's opportunity.

The Yankee is never seen to better advantage than when experi-

menting with a new idea on a colossal scale. To direct vast or novel

enterprises is a perfectly new experience to the Chinaman. Give him

a junk and he will with ease ride out the fiercest typhoon that ever

lashed the seas. But give him an ocean leviathan of the present day,

with its complicated engines, dynamos, compasses, and other modern

appliances for navigating a ship, and he will be truly "all at sea" in

knowing how to handle it, even in a dead calm.

Of all public works, China has most pressing need of railroads.

Only ten years ago it would have been difiicult to convince one man

in ten of the inunediate necessity for the introduction of railroads into

all the provinces of the Empire. To-day, at least nine out of ever.y ten

believe that railroads ought to be built as fast as possible. This com-

plete change of public opinion within so short a time shows perhaps

better than anything else how fast China is getting into the swing of

the world's forward movement. There are at present only about 400

miles of railroad open to traffic throughout the whole country, and all

the lines building and projected foot up to 5,000 or 0,000 miles more.

SM 1900 40
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China proper covers about as many .square miles as the States east of

the Mississippi. Those States, with a population of 50,000,000, require

100,000 miles of railroad to do their business. China, with a popula-

tion ei^ht times as large, would riaturall}^ be supposed to need at least

about an equal mileage of roads for her purposes. It would not be

strange if the activity in railroad construction in the United States soon

after the civil war should tind a parallel in China in coming years.

The building of railroads in China does not partake of the specula-

tive character which attended the building of some of the American

roads. There are no wild regions to be opened up for settlement, no

new towns to be built along the route. Here is a case of the railroad

following the population, and not that of the population following the

railroad. A road built through populous cities and famous marts has

not long to wait for traffic. It would pa}' from the very beginning.

The first railroad in China was built for the transportation of coal

from the Kaiping mines to the jport of Taku. I was chiefly instru-

mental in securing its construction. The line, though in an out-of-thc

way corner of the Empire, proved so profitable from the very start

that it was soon extended to Tientsin and Pekin in one direction, and

to Shanhaikwan, tiie eastern terminus of the Great ^^'all, in the other.

Not long ago it was thought advisable to build a ))ranch beyond Shan-

haikwan to the treaty port of Newchwang. This branch has been

completed and will soon be opened to traffic. Minister Conger, in a

recent letter to the State Department, says that the road now pays a

dividend of 14 per cent on the whole capital invested, and that when
the entire line is open a dividend of 30 per cent is expected. The era

of railroad building in China may be said to have just dawned. China

desires nothing better than to have Americans lend a hand in this great

work.

It gave me great pleasure t\yo years ago to obtain for an American

company a concession to build a railroad between Hankow, the great

distributing center of central China, and Canton, the great distributing

center of south China. The line is to connect with the Lu-Han line

on the north and with the Kowloon line on the south, and throughout

its whole length of more than 000 miles will run through opulent cities,

fertile valleys, and cultivated plains. The construction of such a line

by Americans through the heart of China can not fail to bring the

people of the two countries into closer relations.

Besides railroads, there are other public works which China must

undertake sooner or later. Among them are river and harbor improve-

ments, city water supplies, street lighting and street railwa3's. Owing
to the traditional friendship between the two countries our people are

well disposed toward Americans. They are willing to follow their

lead in these new enterprises, where they might spurn the assistance

of other people with whom the}^ have been on less friendly terms in

the past.
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Such being the economic; interdependence of China and the United
btates what policy should each country pursue toward the other in
order to gain the greatest good from that relationship? In my judg-
ment true reciprocity is impossible unless each country has perfect
confidence m the other and displays on all occasions a desire for fair
play and honest dealing.

Now, reciprocity demands the "open door." China long ago
adopted that policy in her foreign intercourse. She has treaty rela-
tions with all the European powers, together with the United States,
Brazil, Peru, Mexico, Japan, and Korea, All these are equally
"favored nations" in every sense of the term. The Swede and the
Dane enjoy the same rights, privileges, immunities, and exemptions
with respect to commerce, navigation, travel, and residence throughout
the length and breadth of the Empire as are accorded to the Russian
or the Englishman. Any favor that may be granted to Japan, for
instance, at once inures to the benefit of the United States. Indeed,
China in her treatment of strangers within her gates has in a great
many respects gone even beyond what is required by international

usage. According to the usual practice of nations no country is

expected to accord to foreigners rights which are not enjoyed by its

own subjects or citizens. But China has been so long accustomed to

indemnify foreigners who have fallen victims to mob violence that she

is looked upon in a sense as an insurer of the lives and property of all

foreigners residing within her borders. To such an extent is this

idea current among foreigners in China that some j^ears ago an Ameri-

can missionary in the Province of Shantung, who happened to have

some articles stolen from his house in the night, estimated his loss at

$60, and actually sent the bill through the American minister at Pckin

to the Foreign Office for pajauent. The Chinese tarifi' also favors for-

eigners resident in China much more than it does the Chinese them-

selves. Most articles imported for the use of foreigners arc on the

free list. Such is the treatment which Americans, in common with

the subjects and citizens of other foreign powers, receive in China.

Justice would seem to demand equal consideration for the Chinese

on the part of the United States. China does not ask for special favors.

All she wants is enjoyment of the same privileges accorded other nation-

alities. Instead, she is singled out for discrimination and made the

subject of hostile legislation. Her door is wide open to the people of

the United States, but their door is slammed in the face of her people.

1 am not so biased as to advocate any policy that might be detrimental

to the best interests of the people of the United States. If they

think it desirable to keep out the objectionable class of Chinese, by

all means let them do so. Let them make their immigration laws as

strict as possible, but let them be applicable to all foreigners. Would

it not be fairer to exclude the illiterate and degenerate classes of all
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nations rathor than to make an arbitrary riilino- against the Chinese

alone ? AVould it not })e wiser to set up some specitic ti\st of tituess,

such as ability to read intelligently the American Constitution'^ That
would give the Chinese a chance along with the rest of the world, and

yet etfectually restrict their immigration. Such a law would be prac-

tically prohibitory as far as all except the best educated Chinese are

concerned, for the reason that the written language of the Chinese is

so entirely different from the spoken tongue that few of the innuigrants

would be able to read with intelligence such a work as the American
Constitution. Nevertheless, a law of that kind would l)e just in spirit

and could not rouse resentment in the Chinese breast.

Since the law and the treaty forbid the coming of Chinese laborers

I nuist do all I can to restrict their immigration. I should, however,

like to call attention to the fact that the Chinese exclusion act, as

enforced, scarcely accomplishes the purpose for whicli it was passed.

It aimed to provide for the exclusion of Chinese laborers only, while

freely admitting all others. As a matter of fact, the respectable mer-

chant, who would be an irreproachable addition to the population of any

country, has l)cen frequently turned back, whereas the Chinese high-

binders, the riffraff and scum of the nation, fugitives from justice and

adventurers of all typos, have too often effected an entrance without

much difficulty. This is because the American officials at the entrance

ports are ignorant of Chinese character and dialects and can not always

discriminate between the worthy and the unworthy. Kascals succeed

in deceiving them, while the respectal)le but guileless Chinese are

often unjustly suspected, inconveniently detained, or even sent back

to China. A niunber of such cases have l)een brought to my atten-

tion. It must not be supposed, however, that I blame any official. In

view of their limited knowledge of Chinese affairs, it is not strange

that the officials sometimes make mistakes. The Americans judge us

wrongly, just as we often misjudge them. This unpleasant state of

things is to be deplored, and I would suggest that difficulties might be

avoided if the regular officials, in })assing on innnigrant Chinamen,

could have the assistance of Chinese consuls, or people fitted ]»y train-

ing and experience in China for the discharge of such duties.

Great misunderstanding exists in the United States in regard to

Chinese questions. There is a current fear that if all restrictions on

Chinese immigration were removed, the United States would be flooded

with m}^ countr3mien. Inasmuch as China contains some 4U0,U()(>,<»<J0

inhal)itants, a wholesale emigration would certainl}^ be a serious mat-

ter for the people of the countr}- to which they removed. But there

is no danger of such a calamity befalling the United States. Those '

who view it with alarm only show how^ profoundly ignorant they are

of Chinese character. One of the most striking features of the con-

servatism of the Chinese is their absolute horror of travel, especially
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by sea. They regard any necessity for it as an unmitigated evil.
They do not often visit neighboring towns, much less adjoining prov-
inces or foreign countries. So pronounced is their prejudiccligainst
travel that, until they could be educated into a different view, Chinese
railroads would for the first few years have to depend for their profits
on freight rates rather than passenger fares. To the American or
Englishman who proceeds to go abroad as soon as he has accumulated
a little money, their state of mind may seem incomprehensible, but it

is nevertheless a fact that must be taken into account.

How, then, is the presence of so many Chinese in America explained?
By the fact that some forty years ago, when the Pacific railway was
building, there was great scarcity of laborers. Agents went to China
and induced a considerable number of Chinese to come to this country
and assist in the construction of the railroad. After their work was
done most of them returned home, taking their earnings with them.

They told their relatives of the exceptional opiwrtunities for making-

money in this country, and they in turn decided to seek their fortunes

here. Were it not for this circumstance, there would be no more Chi-

nese in this country than there are in Europe, where wages are also

much higher than in China. As it is, all who are in the United States

are from the province of Canton, and they come from two or three

places only of that one province.

It has been said that the rules of international intercourse as observed

by Western nations among themselves are not applicable to intercourse

with Eastern nations. True it is that the people of the East speak dif-

ferent languages and have different customs, manners, religions, and

ways of thinking from the people of the West. But the rule of con-

traries is by no means a safe guide through the intricacies of social

observances. B3' disregarding the common civilities of life, which are

considered very important in China, and by assuming a lofty air of

superiority, foreigners frequently make themselves unpopular in China.

Americans have the reputation there of being abrupt, English dicta-

torial. In recent years competition in trade with people of other

nationalities has reduced their profits and forced them, for the sake of

o])taining custom, to be more suave in their manners. Foreigners are

sometimes guilty, also, of practicing all sorts of tricks upon the unsus-

pecting natives. It should be remembered that the Chinese standard

of bu5ness honesty is very high. The "yea, yea" of a Chinese mer-

chant is as good as gold. Not a scrap of paper is necessary to bmd

him to his word. Friendly feeling between the people of China and

those of the United States would be greatly promoted if the Ameri-

cans would always remember, in whatever dealings they may have with

the Chinese, that "Honesty is the best policy."

I l^elieve that the Western nations want to treat the people of the

Orient faii-ly. It is gratifying to see that Japan has been able to



574 CHINA AND THE UNITED STATES.

revise her exterritorial treaties, and it speaks well for the fairminded-

ness of England and other countries that they have thrown no obstacles

in her way. I hope that the day will soon come when China ma}^ fol-

low in her footsteps.

In the meantime China observes with interest that the planting of

the Stars and Stripes in the Philippine Islands will make the United

States her neigh])or in the future, as she has ])een her friend in the

past. It is her earnest hope that the United States will make no

attempt to bar Asiatics from her new shores, but that she will seize

this opportunity to strengthen friendly relations of mutual helpfulness

between the two countries. No other nation has a stronger claim to

the confidence of China than has the United States. The very first

article of the first treaty concluded between the two nations provides

that there shall be peace and friendship between them and between

their people. Through a half century of intercourse no untoward

circumstance has interrupted those amicable relations. More than

once the United States Government has used its good offices to pro-

mote Chines(>, interests and welfare. Nations, like individuals, appre-

ciate favors, and, like them also, resent indignities. The sentiment of

good will entertained by the Government and people of China toward

the Government and peoi)le of the United States is strong and pro-

found because of the long, unblemished past, but underneath it all

thcrcMs. I am sorry to say, a natural feeling of (li.sapi)ointment and

irritation that the people of the United Stntes deal now less liberally

with the Chinese than with the rest of the world. If the best guar-

antee of friendship is self-interest, surely the friendship of a nation of

•J:00,(»()(>,0<>0 people ought to be worth cultivating. China does not ask

for nuicli. She has no thought of territorial aggrandizement, of self-

gloritication in any form. All she wants is gentle peace, sweet friend-

shi}), helpful exchange of benehts, and the generous application of

that golden rule which people of all nations and all creeds should

delieht to follow.



CHINESE FOLKLORE AND SOME WESTERN ANALOGIES.

B}^ Frederick Wells Williams.

It is customaiy in the West to consider the civilization of China as
a thing by itself, without relation to the factors which have influenced
or evolved our own type of culture. The ways of men at the opposite
ends of Asia have diverged widely and long indeed, but we can no
longer deny the proofs, if not of their common origin, at lea.st of their

frequent intermixture and of their development under substantially

similar conditions. With many of these proofs the trained scientist

must be left to deal, and it is unlikely that anything save the bare

results of his investigations will become popular reading. Almost the

only exception to the general truth of this statement is to be found in

the study of the myths and legends of these exotic peoples and their

comparison with folklore elsewhere. Here, happily, the process is as

interesting as the result desired. If we treat patientl}'' the fantastic

brood with which primitive man surrounds himself, even humoring a

little their eccentricities, we are promised in time a key to their caba-

listic lore and an answer to the mysteiy of man's origin.

Something has already been done to show the connection between

customs and superstitions, as well as between languages, in the Indo-

European race group. The ghosts and monsters of ancient India and

Persia reappearing in classical and mediseval garb in Europe declare

again the essential unity of one of the world's great families. It

remains to show the remoter but still evident affinity between all the

races of man. Such investigations carry us far away in time as well

as space. Through the welter of fancies, characterizing the mental

processes of primitive and savage peoples seeming to live in their

imaginations rather than in a world of material matter, we may trace,

perhaps, the dimly remembered forms of antediluvian creatures that

continued their existence down to a period when man had to struggle

with them for supremacy. An inspection of the fossil remains of

mesozoic saurians suggests the familiar dragon common to the mythol-

ogy of all races alike, and the obvious inference that these supposed

flights of imagination were only disordered memories of tierce contests

with actual animal enemies long since disappeared. In this sense the

contest between Bel and Tiamat in early Babylonian myth finds its
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analogue in the encounters with the Chinese Lung, the most popular

and persistent monster of Farther Asia. And it is at least a curious

fact that the so-called ''dragons' bones" sold hj^ apothecaries in China

are fossilized teeth. So, too, the sea serpent, the unicorn (the Ki-lin)

—

adopted as a royal emblem alike by ancient Israel and Japan—the

sphinx, and the phciMiix are common alike to Europe and China,

where they not onh' assume similar forms, but are ascribed the same

supernatural attributes.

'

Such .scattered fragments of information upon this topic as have been

collected for this paper serve mcrel}' to illustrate the stud}^ of Chinese

folklore. Much must l)e learned before it can l)e placed on a scientific

basis.

It will be convenient first of all to contrast the Chinese and Japan-

ese creation myths. According to the Taoist doctrine—which is of all

their speculative systems the most characteristicall}' Chinese—in the

beginning there was nothingness; then the indefinite produced the

definite, or finite rliuos, out of which came the rang ju'inciple, or

light, and following this came yin or darkness. From the alternations

of yang and yin, of daj" and night, were derived all things. The idea

is a simple one common to many of the earliest philosophies known.

It appears in the ancient cults of P^gypt, Babylonia, India, and Persia,

and can be fairly referred to the natural promptings of primitive man
as he first watched the operations of nature. The dualistic idea tiius

carried back to the beginning does not of itself imply a common origin

for the human race, nor need we consider it as other than self-evident

as soon as man l)egins to think. It ranges through the realm of Chi-

nese metaphysical speculations, but not, as in Persia, to the exclusion

of every other guiding principle. It is a similarity less remarka])le

than that of the triad idea which is also common to Babj^lonia, Egypt,

and China. Thus in the first two nations we have major triads Anu,
Ea, and Bel—heaven, the waters, and the earth—and Osiris, Isis, and

Horus, eternal elements of the visible universe personified and wor-

shiped; in the latter there is the same elemental division of nature

into the ^' Three Powers," heaven, earth, and man, no one of which is

fertile by itself, the union of all three embodying creative force.

The cosmic myth of Taoism which thus esta])lishes man in this

supreme company does not, however, intimate that this element of a

primeval trinity was anything more than the prototype of the genus

homo. ""His bod}^," saA^s the document quoted, " was quadrangular

in likeness, his face was round, his wisdom and intelligence of heaven's

birth. He ever stood erect looking at the four quarters of the great

earth, even beholding all beneath to the utmost bounds of the horizon."

To this being, thus contemplating the created universe, came down on

^ Compare an entertaining and suggestive study of this phase of folklore, entitled

"Mythical Monsters," by Charles Gould, London, 1886.
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a ra}^ of light the Father of Taoism, a controller of all things, who
after looking upon the creature and seeing that he was good explained
the laws of nature to him. At the separation of chaos, " the princi-
ples of human nature had not been established. Therefore heaven
and earth through the instrumentality of the original ether of the dual
powers (Yang and Yin), and in their secret conjugal combinations,
first produced you, five in number, who are located at the five cardinal

points—that is, a being whom 1 have called Water Sire, the North;
the South, styled Red Sire; Wood Sire in the East, and Gold Mother
in the West. These all thoroughly understand the abstruse doctrine

of renovation. Your disposition being mild and gentle, and your
bodily constitution being less agile, you therefore happened to be last

of the five that appeared in the world, I have been waiting for you
all to enter life; as this has now taken place, I have nothing more to

do; I shall therefore depart."

When asked whither he went, the ineffable one replied: "Beyond
the circle of water that terminates the universe there is the pure

original water, and beyond this there is still the region of perfect

nihility, tlie ether of spontaneousness. When, with an immaterial

nature, I enter the region of matter, I assume bodih' form; but when

1 return to that endless void, 1 lay that form aside and return to my
natural state. Do you understand this ? Now I will call your four

elders to come and assist in performing the wonderful works yet to be

done." And saying this the Great Spirit called aloud "with a fearful

thundering voice" to each quarter of the heavens, " and then turning,

bounded beyond the clouds, and disappeared in a golden halo of light."

To this genius of the earth, representing the center or fifth cardinal

point, came in turn the Red, Wood,' and Water sires, and while they

were conversing "a white mist was seen lying across the horizon, and

upon it was Gold Mother walking deliberately. She approached and

presented the usual compliments. Each gazed with fixed eye upon

her, and noticed the leopard's tail, her tiger teeth, and her disheveled

hair. Her head was covered with flowers; a dress adorned with various

precious stones was thrown loosely over her shoulder; a long petti

coat of mullierrv bark was fastened round her waist." This remark-

able quintette, after a brief exchange of compliments, proceed at once

to the great task for which they are assembled, the creation of man. The

earth genius, called Yellow Sire,^ finds in a cavern the ether pulse and

iWood Sire is described as tall, slender, and beautiful; his brea.st is entwined with

silken vines and his loins bound witli green rattan and leaves sewn with wild hemp.

There may be some analogy between him and the Indian Siva, who is closely con-

nected to Dionysus. , ^ n- *. -tk^
^ Hwang (yellow), "means extensive, liberal, upright, clever, and intelligent The

virtue of hwang harmonizes perfectly to the princij.les of rectitude; h.s merits^ are

equal to those of the Great Earth. Such a title well becomes such a personage.
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fashions a furnace and kettle; Wood Sire on the East smelts a tripod

of the purest of the live metals—oold, silver, brass, iron, and tin; Gold

Matron from the West, taking live colored earths, moulds a crucible;

Water Sire "opened a precious crystal rock and caught the fresh genii

water as it dripped down and put it in the crucible, while Red Sire,

facing the South. ])ored straight into the body of a nudbcrr}^ tree and

obtained fresh genii tire to boil the water with."

Thus the live elders, leaving no detail unattended, "exercised their

whole minds and souls, laying aside every other thought, care, and

work while perfecting this one; at one time increasing the tire and

now diminishing it till the tire had attained its full measure of heat,

or neaily so; and on the eighty Hrst day of the process a beautiful

cloud hung over the furnace and the caldron and sweet dew fell on the

Sou jNIountain, Gold M;iti"on and Wood Sire, preceiving that the

rotining process was completed, removed the cover and, lo! two little

things lay in each other's embrace at the bottom of the dish. Gold

Matron put forth her hand and took up one at random and. ])chold,

it was a male child! Wood Sire raised the other and, lo! it Avas a

female infant. Both were exceedingh'^ delighted."

^iever was honmnculus more carefully conceived or accepted ))v his

creators with greater rejoicing. They all " leaped for joy and mutual

delight."' it is said, and then, returning each to his habitation, left the

children to "imbibe the genial influences of the sun and moon in the

grotto till they nmtually understood the relations and the mysteries of

conjugal life." In time children were born and. the earth became
peopled with their progeny.

In the Japanese account of creation, related in the s«acred scripture

of Shinto, called the Kojiki, the formation of the earth—or rather of

the Japanese Islands—is immediately followed b}^ the birth of a

number of kami, deities imagined after the manner of the gods of

Greece as only more powerful human l)eings. There is no diti'erence

apparentlv in the process b}^ which the divine pair, Izanagi and Izanami,

deputed to the task, produce islands and divinities. At length in giv-

ing birth to the Fire God. Izanami is bui'nt and dies. Her spouse

forthwith slays the hateful oHspring, and then occurs one of the most

remarkable episodes in the epos, when he journeys to the underworld,

Orpheus-like, to bid his wife return.

"Thereupon his Augustness Izanagi, wishing to meet and see his

younger sister [his wife], followed after her to the Land of Hades. So

when from the palace she raised the door and came out to meet him,

his Augustness Izanagi spoke, saying: 'Thine Augustness, my lovely

younger sister! The lands that I and thou made are not ^^et finished

making; so come back!' Then her Augustness Izanami answered, say-

ing: ' Lamentable indeed that thou camest not sooner! I have eaten

of the furnace of Hades. Nevertheless, as I reverence the entry here

of thine Augustness, my lovely elder brother, I wish to return. More-
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over, I will discuss it particularlj^ with the deities of Hades. Look
not at me.' Havino- thus spoken, she went back inside the palace, and
as she tarried there very long- he could not wait. So having taken and
broken off one of the end teeth of the multitudinous and close-toothed
comb stuck in the august left bunch of his hair, he lit one light and
went in and looked. Maggots were swarming and she was rotting,

and in her head dwelt the Great Thunder, and in her breast dwelt the

Fire Thunder, and in her belly dwelt the Black Thunder, and in her

private parts dwelt the Cleaving Thunder, and in her left hand dwelt

the Young Thunder, and in her right hand dwelt the Earth Thunder,

and in her left foot dwelt the Rumbling Thunder, and in her right foot

dwelt the Couchant Thunder. Altogether eight thunder deities had

been l)orn and dwelt there. Hereupon his Augustness Izanagi, over-

awed at the sight, fled l)ack. Whereupon his younger sister said: ' Thou
ha.st put me to shame,' and at once sent the Ugly Female of Hades to

pursue him. So his Augustness Izanagi took his black august head-

dress and cast it down, and it instantl}" turned into grapes. While she

picked them up and ate them he fled on. But as she still pursued him,

he took and broke the multitudinous and close-toothed comb in the right

bunch of his hair and cast it down, and it instantly turned into bam-

boo sprouts. While she pulled them up and ate them, he fled on.

Agahi, later his younger sister sent the eight thunder deities with a

thousand and Ave hundred warriors of Hades to pursue him. So he,

drawing the ten-grasp saber that was augustly girded on him, fled for-

ward, l)randishing it in his l)ack hand [i. e., behind him], and as they

still pursued he took, on reaching the base of the Even Pass of Hades,

three peaches that were growing at its base, and waited and smote his

pursuers therewith, so that they all fled back. . . • Last of all his

younger sister, her Augustness Izanami, came out herself in pursuit.

So he'drew a thousand-draft rock, and with it blocked up the Even

Pass of Hades, and placed the rock in the middle; and they stood oppo-

site to one another and exchanged leave-takings, and her Augustness

Izanami said: 'My lovely elder brother, thine Augustness! If thou

do like this, I will one day strangle to death a thousand of the folks of

thy land.^ Then his Augustness Izanagi replied: ' My lovely younger

sister, thine Augustness! If thou do this, I will in one day set up a

thousand and five hundred parturition houses. In this manner each

day a thousand people would surely die, and each day a thousand and

five hundred people would surely be born.' So^her Augustness Iza-

nami is called the Great Deity of Hades . . ."etc'

Izanagi, though now forever deprived of his helpmeet, manages

very creditably by himself to continue the business of creatmg clivmi-

ties, who exude from his person while he washes off the pollution of

hades, and from whom in time are descended the human mhabitimts

1 "The Kojiki," translated by B. H. Chamberlain, in Transactions of the Asiatic

Society of Japan, Vol. X. Supplement.
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of Japan. As a cosniio myth this falls distinctly short of the high

conceptions of its Chinese prototype, hcinj;- criicler, more naive and

inconsequential than the other—an imaginative effort of a ruder and

less sophisticated folk. Yet its chief vahie, that of the earliest genuine

document of a pure Altaic people, can hardly l)e exaggerated; and

herein lies the charm to ^^'estern readers of incidents that, but for

some of their grotescpie details, might have been taken from the

verses of Hesiod or Ovid. Beyond resemblances of the most super-

ficial sort (as in the agency of male and female in creation, in the

existence of a Great Spirit before heaven aiid earth were made) the

Chinese and Japanese myths are radically different. The former arc

for the most part ''impassible, passionless, uninteresting," as com-

pared with the fancies developed u])on these themes among ancient

peoples in the West. Their fundamental idea may ))e loftier, more
philosophical, but their inuiginative genius fails in the attempt to per-

sonify the operations of nature and endow them with life.

The Japanese tales, on the other luuid, abound in instances where

human traits and i)assions are transferred to the powers above, who
feel and act in all respects like men of Hesh and blood, who are disor-

derly and irresponsible after the manner of savages, but Avhose

human nature renders them in some vague fashion quite engaging

to follow. It is with Greece rather than with China that »Iapanese

mythology nmst be compared. In both we have the same wayward
feeling for impersonation, characteristic alike of children and of

primitive races with artistic instincts; the same assemblage of gods

in heaven not only caring for but visiting and interfeiingwitlnnortals;

the same material representations of Olympus and Hades; the same

gradual withdrawal of personal intercourse between human and divine,

as the golden age melts away into the dull prose of record<'d histoi'y.

In neither set of m3'ths is there anything ])roperly corresponding to

a religious system, until they become coordinated by philosophers of

a later age.

Resemblances between individual episodes in these far-distant col-

lections of primitive folk-tales are less obvious than their general

similarity of type. Mention has been already made of the most
striking parallel, that of Izanagi's descent into the lower world to

redeem his wife, and Orpheus's expedition for the same purpose. To
find a fitting analogy to the withdrawal of Ama Terasu, the Sun God-
dess, from the heavens, we should go to an older mythology, that

of Babylonia, where, in Ishtar's search for her lover Tammuz in hell,

all nature suffers and is dead until her return—clearly a story symljol-

izing the torpor of vegetable life in winter and its return to vigor in

spring. The Japanese tale runs as follows: A Ijrother of the Sun
Goddess having exhausted her patience b}^ a long career of crime and

insult, finally caps the climax of his misdeeds by breaking a hole in



CHINESE FOLKLOEE AND SOME WESTERN ANALOGIES. 581

the top of her '\awful weaving hall," where she sat with her four-
score maidens weaving the august garments of the deities, and throw-
ingupon the frightened group "a heavenlv piebald horse, which he had
flayed with a backward flaying." The Goddess then closed fast the
portal of her heavenly rock dwelling, and all the world became dark
jind "the voices of the myriad deities were like unto the flies in the
fifth moon as they swarmed, and a myriad portents of woe all arose."
When the crowd was assembled about the closed door, the Goddess of
Mirth performed a dance with a mirror, while eight hundred myriad
deities laughed together, and the plain of high heaven shook with the
noise. Opening the door a little, the Sun Goddess inquired why the
company rejoiced when the world was wrapped in gloom because of
her absence. "We are glad," they answered, "because there is a
deity more brilliant than thine Augustness;" and when a pardonable
jealousy made her come forth to see her own fair face in the mirror,
they cleverly pushed the door to behind her, and the earth was once
more bathed in light.

It is eas}^ to exclaim against this rather unkind reflection upon fem-

inine weakness and vanity, that the legend was fabricated when coarse

and cruel man ruled society by sheer brute strength. Yet this criti-

cism, if made, would be far from just or true. The incident really

exhibits the utter inal)ility of the combined heavenly host to compel

one of its female members to return to their society. After their

successful ruse they concede her superiority by giving her precedence

over all other divinities of heaven, a supremacy which she has always

enjoyed in the hearts of the Japanese people. In the same manner

the authority of her sex is exhibited in Ama Terasu's punishment of

her brother, the Moon God, by forbidding hiui to appear in her com-

pany because of brutal and tyrannical conduct toward earth's inhabit-

ants on a melancholy occasion. The instinctive love of woman's

tenderness and the idealization which goes with our appreciation of

her gentleness and grace have made their impress everywhere upon

the religions as well as the folk-tales of the world. The adoration of

the Virgin Mary among Christians, of Tien Hou Mang among Taoists,

and of Kwan Yin, Goddess of Mercy, among the Buddhists of Ghina

and Japan, are instances of the same fundamental idea developed in

more complex institutions; nor will it be denied that reverence for the

Ewig Weibliche thus embodied is a true feeling, a right and natural

craving.

It is proper to emphasize this nobler attitude toward the weaker sex

manifested in the earlier civilization of the East, because we are too

often led by the customs prevailing there to-day to conclude that the

Asiatic has ever been regardless of woman's rights. A great store of

anecdotes might be adduced to establish a contrary conclusion. One

must be allowed here to typify the admiration excited by unselfish and
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courageous acts of women—an admiration as spontaneously enkindled

in the East as among ourselves when the achievement is realh' deserv-

ing. The heroine of this incident is supposed to have lived in China

during the reign of the Emperor Yung-loh, earl}" in the liftecnth cen-

tury of our era, but the story seems to owe its birth to a much older

tradition. The father of Ko-ai, having been ordered to casta huge

bell of bronze, had failed twice in the very difficult task, the metal

having '

' honeycombed " in each attempt. Yung-loh, being thoroughly

enraged at the dou})lc failure, promised the founder that he would

behead him if the third trial did not prove successful. Then it was

that the girl of 16 showed the metal in her in more senses than one.

Taking counsel of a master astrologer, she learned that the only means

of averting calamity and insuring a perfect casting was that of mixing

a virgin's blood in the molten stream as it tilled the mold. To save

her father's life, therefore, she plunged headlong into the liquid mass

as the third casting was being made, and all that remained of her was

the shoe which a workman had gnisi)ed and pulled off her foot in

frantic effort to prevent her sudden plunge. The wretched father

was carried home a raving maniac; but the astrologer nuist have

known his business, for was not the bell a perfect success, as anyone

may prove to-day by going to Pekin and listening to its sonorous

boom? Only every stroke is followed by a low, wailing cry that

seems to reverberate the word lisieh (shoe) in fainter and fainter tones

until all is still. That, they say, is poor Ko-ai calling for her lost shoe.

This pathetic legend might perhaps be duplicated in more than one

literature of eastern and western romancers. A still more widely

diffused genus of folk-tale, based upon the evanescent charm of woman-
hood, is discovered in the so-called "Swan-Maiden" group. The tj'pe

of this group appears clearly in the far north of Asia, where among
the Samoj^eds the tale, shorn of its adornments, runs somewhat as

follows: A hunter coming upon an old woman chopping birch trees

stopped and helped her cut and carry the logs to her hut. Highly

gratified at this attention she bade him hide there and see what would

hapi)on, PresentU' seven l)eautiful girls came in, asked if anyone was

about, and being told that the woman was quite alone, took their way
to a neighboring lake where they went in swimnung. The man fol-

lowed them, and at the suggestion of his aged hostess, stole one of

the feather dresses left on the shore by the maidens. Of course, when
they emerged one hapless girl was unable to find her costume and

could not fl}" away with her companions. She begged the hunter to

restore her clothes ''because she was freezing," and even promised

if he did to become his wife; but he does not yield until she consents

to secure for him the hearts of some villains who have slain his mother.

She does so, and the storj' then rambles on in a wilderness of inven-

tions which need not concern us. Among the Tartars the swan-
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women are grim aud evil-hearted creatures, sometimes darkening the
whole sky with their raven wings, and again lapping the blood of the
slain, while in the Shetland Islands a similar myth brings the women
to the bathing beach in the guise of seals.

The feather-dress w^^^?/ reappears in western Asia, with abundant
adornment, in the Arabian Nights Entertainments, as a basis of the
"Story of Hasan of el-Basrah." Here the hero, while idling in a
wonderful garden, beheld ten great birds, among them one more beau-

tiful than the rest, alight; and as he concealed himself to watch at

greater advantage ''they seated themselves upon the couch, and each

of them rent open its skin with its talons and came forth from it, and

lo, it was a dress of feathers. There came from the dresses ten dam-

sels, virgins, who shamed by their beauty the luster of the moon; and

when they had divested themselves, they all descended into the pool

and washed, and proceeded to play and to jest together, the bird who
surpassed the others throwing them down and plunging them, and

the}'^ fleeing from her and unable to put forth their hands to her."

Hasan becomes violently enamored, but is unable to detain them until,

on a subsequent visit, he is told to secure the dress of the leader. The

girl is wild with terror at first, but eventually turns into a pretty good

wife and becomes the mother of two boys. The dress of feathers is

not destroyed, however, and during her husband's absence from home

she secures it by a ruse from his old mother and instantly flies off in

it with her children to the Islands of Wak-Wak. These islands, from

which Hasan eventually regains his wife, are supposed by commenta-

tors to be either Japan or the Sunda islands, and it has been reasonably

suggested that their name is derived from the cry "Wok-Wok" of the

great Bird of Paradise which abounds there. A similar encounter with

bird-women occurs also in the Arabic romance of Seyf-Zu-1-Yezin.'

Returning now to eastern Asia we again meet, in the islands of Lew

Chew, a member of the mysterious company, who is as beautiful as her

sisters of Siberia. A respectable young man—goes the story as related

by a Chinese enovy to Lew Chew—was scandalized to find a female

bathing in his spring. After the old, old fashion, which boys the

world over know, he sought her clothes on a neighboring bush, but

was amazed to find as he confiscated them that they were of gossamer,

ruddy and gay with sunset hues, altogether unlike any dame\s dress

he had ever seen. The young woman, finishing her plunge, discovered

her loss and threw herself on the ground before him begging tor her

garments; but he was obdurate and insisted upon her remaining with

him. At the end of ten years of married life, during which she bore

him two children, her fate was fulfilled and she drifted away one day

on a fleecy cloud. In one of the German variants of the myth most

closely approaching this version, the huntsman who has secured his

^Lane's Arabian Nighte;7ol. HI, chap. xxv. C Gould's Mythical Monsters, p. 140.
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swan-wife keeps her plumes in a cup))oarcl for fifteen yeai-s, but one

day forgets to lock it, when the captive dons them in his absence and

spreads her wings never to return—a variant of the Arabian romance.

Without delaying here to dwell upon the infinite permutations of

this theme in Hindu, Persian, Arab, Greek, Celtic, Teutonic, Scan-

dinavian, and other m3'thologies, we can not dismiss it finallj^ without

alluding to the guise which it assumes in Japan. Here the damsel is

called the Moon Maiden, and she is a musician as well as a dream of

beauty as she drifts down from the evening sky beyond Fuji to bathe

in the shimmering sea. A fisher boy sees her fragile feather robe

gleaming from a pine tree, takes it, and is soon confronted with the

owner who begs its return. He asks to see her dance before he grants

her request, but '

' I can not dance without my robe," she says. "Each

feather has been given me by the Heavenly Birds. Their love and

trust support me." Then the lad cries forgiveness for his rudeness

and returns the robe. Her dance begins with merry step and cadence

along the shore, rustling over the grass, under the blossoming cherry,

and in and out among the trees. But gradually sEe floats farther and

farther away toward the distant mountain and the fisherman is left

alone by the sea. Is it too extravagant an hypothesis to see in this

idyl of floating cloud-forms that drift from heaven to dip at times in

sea and lake, that keep company with the birds but dissolve away at

touch of man, the germ of the Vedic Apsaras of our angels— "who

were but the fleecy clouds, supposed in the ages of man's simplicity

to be celestial swans ? "
^

Since we have found ample illustration of the evident affiliation of

Aryan and Turanian myths in these instances of devotion to woman,

it will not be thought ungenerous, perhaps, to adduce a famous case

of inconstancy which exemplifies the same conformity. The story in

its Chinese version is related of a Taoist philosopher who was a con-

temporary of Alexander the Great. The elements of sheer witchcraft

and characteristic human nature commingle in a grotesque fashion

especially pleasing to followers of the doctrine of Tao, or Rationalism,

in China. The basis of the tale is thought to be an importation from

India, the fatherland of the world's best fables and fictions, but we

will hear it first in a translation of a Chinese ballad entitled

FANNING THE GKAVE.

'Twas spring, the air was redolent

With many a sweet and grateful scent;

The peach and plum bloomed side by side,

Like blushing maid and pale-faced bride;

Coy willows stealthily were seen

Opening their eyes of living green,

As if to watch the sturdy strife

Of nature struggling into life.

'Baring-Gould, "Curious Myths," d. 578.
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One sunny morning Mr. Chwang
Was strolling leisurely along,

Viewing the budding flowers and trees,

Sniffing the fragrance-laden breeze,

Staring at those who hurried by,

Eai'li loaded with a good supply

Of imitation sycee shoes.

To l)urn—for friends defunct to use

—

Of dainty viands, oil and rice

And wine to pour in sacrifice

On tombs of friends who 'neath them slept.

'Twas "third of the third " when graves are swept.

Chwang sauntered on; at length, on looking round,

He spied a cozy-looking burial gi'ound;

"I'll turn in here and rest a bit," thonght he,

"And muse a while on life's uncertainty;

This quiet place just suits my pensive mood,

I'll sit and moralize in pleasant solitude."

So, sitting down upon a grassy knoll.

He sighed; when all at once upon him stole

A smothered sound of sorrow and distress,

As if one wept in very bitterness.

Mr. Chwang, hearing this, at once got up to see ,.

Who the sorrowing mourner could possibly be.

When he saw a young woman fanning a grave.

Her three-inch gold lilies were bandaged up tight

In the deepest of mourning; her clothes, too, were white.

Of all the strange things he had read of or heard.

This one was by far the most strange and absurd;

He had never heard tell of one fanning a grave.

He stood looking on at this queer scene of woe

Unobserved, but astonished, and curious to know
The reason the woman was fanning the grave.

He thought, in this case, the ))est thing he could do

Was to ask her himself; so without more ado.

He hemmed once or twice, then bowing his head,

Advanced to the woman and smilingly said:

" I\Iay I ask, madam, why you are fanning that grave?"

The woman, on this, glancing up with surprise,

Looked as tho' she could scarcely believe her own eyes

When she saw a man watching her fanning the grave.

He was handsome, and might have been thirty or more;

Tlie garb of a Taoist he tastefully wore;

His kind manner soon put her quite at her ease.

So she answered demurely, " Listen, sir, if you please,

And I'll tell you the reason I'm faiming this grave.

"My husband, alas! whom I now (sob, sob) mourn,

A short time since (sob) to this grave (sob) was borne;

And (sob) he lies buried in this (sob, sob) grave.

(Here she bitterly wept.) Ere my (sob) husband died.

He called me (sob) once (sob, sob) to his side.

And grasping my (sob)—with his dying lips said,

'When I'm gone (sob, sob) promise (sob) never to wed
Till the mold is (sob) dry on the top of my grave.'

SM 190U 41
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" I come hither daily to (sob) and to weep,

For the promise I jjave (sob) I'll faithfully keep,

I'll not wed till the mold is (sob) dry on his grave.

I don't want to marry ajrain (sob), I'm sure,

But poverty (sob) is so hard to endure,

And, oh! I'm so lonely, that I come (sob) to try

If I can't with my fan helj) the damp mold to dry,

And that is the reason I'm fanning the grave."

Hearing this, Chwang ex<'laimed, "Madam, give me the fan.

I'll willingly help you as much as I can

In drying the mold on your j)oor husband's grave."

She readily handed the fan up to Chwang,
(Who in mairic was skilled, as he pnjved before long).

For he muttered some words in a low undertone,

Flicked the fan, and the grave was as dry as a bone;

"There," said he, "the mold's dry on the top of the grave."

Joy jilaiidy was seen on the i)Oor woman's face

As she hastily thanked him, ere quitting the i)lace,

For helping her dry up the mold on the grave.

Chwang watched her go off with a cynical sigh;

Thought he, " Now suppose I myself were to die.

How long woidd ;//// wife in her weeds mourn my fate?

Would sht% like this woman, have jiatience to wait

Till the MKild was well dry im her poor husband's grave?" '

The philosopher, upon his return home, rehites the adventure to his

wife, and .she is so violent in her deniuieiation of the faithless widow
that he resolves to test her. Soon he fall.s ill and dies; and while the

celebrated savant lies encottined in his hall man}' come to do him

reverence and try to console the stricken woman. Among the num-

ber is a handsome young man, a former pupil of the master, who
makes himself so attractive as to win her heart and hand during the

short period of his visit. While rejoicing in her rediscovered bliss,

the woman's newly attianced falls into convulsions, the only remedy for

which is himian })rains, fresh, boiled in wine. The case is pressing;

there lies the unburied corpse of her former spouse, now useless to

her, unless, indeed, she can appl}' his brains to restore her present lover

to health and even to life. So she seizes an axe, chops open the coffin,

and, behold, her old Chwang rises alive and well! He had been playing

with his wife, and actually assumed the form of the .young scholar

himself to test the constancy of her affection. Unable to conceal her

shame, the wretched woman hung herself with her own girdle, while

the disgusted Chwang, burning his house, withdrew from the world.

A Semitic story of the Wife Tested has a different setting, but

descends evidentl}' from the same parent stock. In this the learned

and Beautifid Berurya, while reading an ancient text, comes upon the

sentence, "All women are tickle," and appends the marginal gloss,

" Except Berurya." Her husband, Rabbi Meir, the Light of the Law,

^G. C. Stent, "The Jade Chaplet."
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finding- the note, comments: " You will yourself some day prove the
truth of this saying.'^ He introduces, in course of time, a handsome
young disciple, who courts Berurya assiduously, and finally obtains her
consent to an assignation. But when she keeps it the master appears
instead of the pupil, and Berurya, finding her infamy discovered, goes
out and hangs herself.

Even nearer to its far-eastern original than this harsh Talmudic
legend comes the famous tale of Petronius, who lived under the
Emperor Nero. The "Matron of Ephesus" is a woman who was
so inconsolable after her husband's death that she could not bear to

leave the grave, but watched and wept there while a trusty maid
brought her provisions. It so happened that hard by the cemetery lay

an execution ground where a young soldier was stationed, to watch the

bodies of some crucified malefactors. Hearing a sound of sobbing he
was touched to find a prettj^ widow in so unusual a situation, and
bi'ought his wallet to share with her. She would none of him or

his food at first, but presentl}' she succumbed to the fascination of

such an unusually handsome fellow, and the pair spent three d'dxii and

nights very comfortabl}^ together in the tomb. Then the soldier

discovered that the body of one of the malefactors on the cross had

disappeared, and was about to forestall the inevitable punishment due

to his remissness by committing suicide on the spot, when the widow

bade him stay his hand and hang the corpse of her husband on the

cross and thereby conceal his dereliction: "For,'' she exclaimed, "i

could not bear to have the onh^ two men I ever loved lying dead at

once before me!" In this guise the story begins its migrations

throughout ancient and mediaeval Europe, appearing, with innumer-

able modifications, of course, in the literatures of France, Italy, Spain,

Russia, England, and Germany. In England, besides being the theme

of many early plays, it is charmingly told in Goldsmith's Citizen of

the World, while in France it becomes the plot of Voltaire's Zadig.

We are hardly prepared, after tracing the perigri nations of this

unmerited satire on woman's constancy, to learn that in the land of its

origin a slip of a girl is the true hero of our legendary "George and

the Dragon." In the Yung Ling Mountains of eastern China there

dwelt a dragon 80 feet long and 10 feet round. His diet consisted by

choice of likely little girls not more than 13 years old, and upon con-

dition of receiving these he consented to spare the neighborhood from

indiscriminate ravage. In the course of years the supply of vii-gins,

bond servants, and daughters of criminals gave out, and the governor

of the country was in sore straits, when the youngest of his six daugh-

ters oflfered herself as a sacrifice. She argued that a sixth girl in a

family wasn't worth her keep, so despite all opposition she proceeded

to the fatal cavern, asking only a sword, a good dog, and plenty of

boiled rice. Mixing the food with honey she placed it in the narrow
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mouth of the cave, and when the drao-on was breaking his fast upon

this hors d'ceuvre, the dog attacked him with his teeth wliile little Ki

hacked away from behind so that the monster died. On hearing of

this mighty deed we are glad to learn that the Prince of Sueh asked

her hand in marriage and raised her to his throne. Here is an almost

perfect analogue to the Vedic Indra and Ahi, the Iranian Mithra and

Ahriman. the (rreek I^erseus and Andromeda, the British Beowulf and

Grendel, the Teutonic Siegfried, and a host of others.

To the student of Chinese folkloie the special interest of Taoist

literature lies in the fact that, though dating from only the sixth cen-

tury B. C, as a j)hil<)sophical system, this so-called religion is based

upon and includes the oldest myths and legends indigenous to (Cistern

Asia. The po])ular success of Laotsz's doctrine and its permanence in

Chinese culture may be (juite contidently ascribed to its acceptance of

folklore creations handed down from ])rimitive man in Asia, for the

acknowledged ci»mh1 of every race, even tlie most advanced, has ever

been influenced by assimilating more or less unconsciously the ideas

with which its adhei-ents were most dee])ly iml)ued. To take an

instance that occurs instantly to the mind: It was not the wish of

Buddha or of Christ to countenance the worshij) of images; on the

contrary, l)oth preached against their use; but the great mass of those

who profess and call themselves followers of their teachings hu\'(> in

all ages i)owed down to wood and stone. Th(» head of the idol, indeed,

may be of refined gold, and its })urpose in the sanctuary ex})lained

esoterically. but its feet are of clay—the soil upon which the lowly

mass of woi-shipiM-s lived and worked and wondered for centuries ))efore

they heard the incarnate word pronuilgated.

^Vith Laotsz, the philosopher of rationalism, w^e need therefore have

no concern here. ])ut with the cult which has assumed the name* of

Tao, though in practice uttei'Iy indifferent to the high j)urpose of his

abstru.se doctrine, ^\o are intimately involved as soon as we begin to

penetrate the current faiths and fancies of the Chinese people.

It is in the writings of the earlier Taoist disciples that the fairy

m3'thology of primitive China first takes literary shape. One of them,

Chwang-cheu, after meditating long enough on nature to think that

nature was identical with himself, gave utterance to a doubt that has

been familiar in many guises to modern Western philosophers. ''For

when I dream I am a butterfly." he declared, "it is not for me to say

that the dream is m}' own, or whether it is a butterfly dreaming that

he is Chwang-cheu." Another, Lie-tsz, who wrote in the middle of

the fifth century B. C. , describes the fairy islands of the eastern

ocean, '"beyond the Pihai, at a distance of I know not how many
hundreds of thousands of li, where are five islands, each 80,000 li in

circuit, and lying 70.000 li apart. This distance is not supposed to be

too great for them to regard each other as neighbors. The towers
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and other lofty buildings are of gold and jade. The birds and l)easts
are beautiful in form and color. The trees look like colunujs of pearl
The fruits have a delightful taste, and those who eat of them never
grrow old or die. The inhabitants are men who belong to the class of
the immortals and are all sages. In one day and night they fly to the
other isles and liack again. The five islands are quite separate at their
base and float on the ocean surface as the tide and waves compel them
in unresisting movement,"^ etc.

Change the points of the compass and we have in this ancient chron-
icle a sufficient description of that group of islands across the boundless
ocean that occurs in every ancient literature of the West. Atlantis,

the Hesperides, remote Ogygia, and the Celtish Avalon, of Arthurian
legend,

Where falls not hail, or rain, or any snow,

Nor ever wind blows loudly; but lies

Deep-nieadow'd, happy, fair, with orchard lawns

And bowery hollows crowned with summer sea,

are all prototypes of these far-away isles. The belief in Europe in

this mysterious land is prevalent in Norse, Teutonic, and Celtic, as

well as in Greek and Egyptian folklore, and many tales of singular

beauty are woven upon this theme. In each land these distant isles

take color from the fancies and prejudices of the people who portray

their imaginary delights, but like pictures of heaven—with which

indeed they unwittingly blend—they are much alike in feeling if not

in detail. It became the fashion in the twelfth century to burlesque

the notion. A French poem calls it cookeryland, Cocaigne, where run

rivers of wine and roasted geese go down the street turning themselves

until they are done perfectly brown; where the ladies are always fair

and have new clothes every month; where the fountain of perpetual

youth washes off weakness and age and renews the appetite and

enthusiasm of its favored inhabitants. The Portuguese version of the

old myth, as related by Washington Irving,^ shows it adapted to the

preferences of a Christian people. Once upon a time, this story runs,

an old pilot was blown ashore near Lisl)on, raving about an island far

beyond the Canaries upon which be had been driven and where he

had found a gracious company descended from certain of his country-

men who hacf escaped thither when Spain was conquered l)y the Mos-

lems. They were recognized, when he told his tale, as the liand of

Christian exiles who had indeed fled from the Moors under seven

bishops, and whose fate had hitherto remained a mystery. The ardent

young cavalier, Don Fernando de Alma, soon gathered a company to

search for the mvsterious island, and after driving about tempestuous

seas for many days his caravel found itself, when the storm lifted,^i

'J. Edkins: "Steps in the Growth of Early Taoism," Chin. Recorder, May, 1884.

' Chronicles of Wolfert's Roost, and other Papers.
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a pleas.ant harbor, I>03'<)ikI which could l>c soon tho towoi's aiul castles

of a noblo city. The adventure)- loft his companions in tho stately

bai'ji'o that came out to meet him, and was ontei'tainod one o\-onino- at

tho court-house of an old-time city, where everything l)o.spoke the

fashions and manners of three centuries ago. Taken back to the har-

bor he found no caravel there, but when ho awoke from tho slumber

into which the rowers' chant had lulled him he learned that he had

been picked up senseless from a drifting wreck by a passing Portu-

guese trader. Arriving at his ancestral home he found that his family

had long since departed. More fortunate in seeking tho house of his

betrothed, he espied her upon a })alcony, and was about to spring into

her arms when she sought protection from a young cavalier by her

side. She was not his ladylove, but the groat-granddaughlor of the

Seralina Alvarez whom Don Fernando had left when ho set out upon

his strange voyage.

Nor are the Japanese without their islands of perpetual youth, where

time passes unnoted by the blissful inhabitants, after the fashion in

which aging humanity has essayed to portray them since the days

long ago when men first l)egan to grow old. The land of lloraizan,

whoi'o reigns eternal spi-ing. where ethereal blossoms ovi'r bloom upon

the fertile slopes of Fusan, tlu' Mountiiin of luunortalit}', where pain

and sorrow are unknown, lies far away in the eastern sea. Once, it is

said, the physician of a cruel C'iiinoso tyrant escaped the despot's clutches

by promising to pick for his master the herl) of inunortality from this

favored shor(^; but ho ntn'oi* came back, and nothing would have ])oen

known of his succ(\ss had it not bocMi for \Vaso))i()Wo, a wise man of

Japan, who was di-ivon over tho ocean by a hurricane, and found him,

heedless of his errand, and living a joyous life among tho elect of the

gods in that deathless abode. W'asobiowo lived .several hundred years

agreeably enough in these delectable surroundings, but, being Japanese,

he W(Miriod at length even of heavenly content, and was brought home
on the back of a stork to die in his l)eloved Nagasaki.

It seems hardly possible that mere accidental similarity can suffi-

ciently explain that prevalent fancy of a lost Atlantis in Europe, that

large island situated many days' sail from Libya toward the west,

which, in the description of Diodorus Siculus, "abounds with gardens

stored with various trees and niunerous orchards intersected hy pleas-

ant streams, * * * excelling so much in felicity as to resemble the

habitations of gods rather than of men."^

No feature is perhaps more common to the folk legends of Europe

and Asia than the magical passage of time in slumber or in a visit to

some place of enchantment. The germ of this notion has been referred

with some plausibility to the long sleep of nature during winter, after

^The late Ignatius Donnelly made much of this tradition in his fanciful "Atlan-

tis," New York, 1882,
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which the earth seems to renew her normal functions as though uncon-
scious of her prolonged repose. Various phases of the idea present
themselves, ranging from the three hundred and sixty years' repose of
the Seven Sleepers of Ephesus to the supposed death-like torpor of great
heroes like Charlemagne, Barbarossa, and Jengiz Khan, whose .slum-

ber, though still unbroken, is some day to terminate when they arise
and lead their people to new victories. A Christianized form of the
myth occurs in the mediaeval legend of a monk, who, wondering how
the Psalmist's " thousand years of the Lord " could be as one day, went
forth into the woods to meditate upon the mystery. There he heard

a bird singing with such inetiable sweetness as to keep him spellbound
all the afternoon; but when he returned to his monastery he discovered

after some perplexing experiences that he had remained listening to

God's tuneful messenger a thousand years, which had passed as one day.

What we may term the Rip Van Winkle type of story is closely

paralleled in the Taoist legend of Wang Chih, a patriarch of the sect.

" Wandering one day in the mountains of Kiichow to gather tirewood,

he entered a grotto in which some aged men were seated intent upon

a game of chess. He laid down his ax and looked on at their game,

in the course of which one of the old men handed him a thing in shape

and size like a date stone, telling him to put it into his mouth. No
sooner had he tasted it than he became oblivious of hunger and thirst.

After some time had elapsed one of the players said: ' It is long since

you came here; you should go home now.' Whereupon Wang Chih

proceeding to pick up his ax found that its handle had moldered into

dust. On repairing to his home he discovered that centuries had passed

since the time when he had left it for the mountains, and that no vestige

of his kinsfolk remained. Retiring to a retreat among the hills, he

devoted himself to the rites of Taoism, and finally attained inmior-

tiility^'i—a conclusion only differing in degree from that of Kips

adventure, whose immortality is of another sort.

Another similar legend—a favorite of Chinese story-tellers—makes

the experience befall two young men while gathering her))s among the

hills. Here they discover a fairy bridge in charge of two maidens,

who are as charming as they subsequently prove to be complaisant.

The girls invite them to cross to the land of pure delight beyond the

bridge, and after a summer day's enjoyment of the enchanted land and

its people thev return to find that seven generations have been born

and passed away since their little holiday excursion, and that th(>y are

centenarians. The introduction of the magic bridge in this account

reminds us of another feature familiar to Teutonic mythology-the

bridge connecting the celestial city with the earth, the final crossing of

which, in the Gotterdammerung, completes the heroic cycle of the

Nibelungen lay. In each case the obvious origi^n of the conceit is to^

1 Dennys, Folk Lore of China, 98.



592 CHINESE FOLKLORE AND SOME WESTERN ANALOGIES.

found in the rainl)ow, as in till probtihility is the niao-ie arch or cause-

way joining- heaven and earth, upon which the Japanese creative pair

Izanagi and Izanami stand to dip their divine wand into the ocean and

form the tirst island out of the drops dripping- from its point.

Apropos of Japan, we discover in her fairy tales many developments

of the oft-repeated theme of the unconscious flight of time already

alluded to. Wang Chih's experience in watching the chess players is

repeated in that of Lu AVen, a Japanese woodcutter. Avith an exact-

ness that proves the Chinese origin of the stor3\ The same motif

inspires the popular tale of the fisher boy of Urashima. an adventure

ascribed to the period of the Empress Suiko, in the seventh centur}' of

our era. In this account Taro, the dutiful son of poor parents, after

praving to the sea god in a storm, is rewarded l)v the appearance of a

kindly old divinity upon a tortoise, who bids him mount up beside

him and all will be well. He is taken to a palace of magnificent pro-

portions and populous with radiant throngs, who, with the naive ego-

tism ever characterizing dreams and fairy tales, unite to do him

honor. Here the ingeiuious Taro spent seven blissful days; but being

as good as he was happy, he at length asked permission to return to

his father. A l)ox was given him, as he remounted the tortoise, with

injunctions never to open it. Arrived at the familiar seabeach, he

found the inhabitants and their dwellings entirely changed, and learned

presently that his family had been dead and buried twelve generations

before. Of course he opens the box, a purple mist arises, envelops

him, and he sinks down to die of the weight and infirmities of four

hundred years thus suddenly acquired.

A considerable group of anecdotes might be collected throughout

the East resembling the "'Judgment of Solomon." Here are three from

China, the first introducing a bit of the supernatural element

extremely characteristic of popular stories there: A thousand years

ago or less there lived a young man and his charming bride, whose

love and happiness were enough to excite the jealousy of a white dog.

The brute therefore turned himself into a replica of the husband, and

was enjoying the success of ' his deception when the real spouse

returned. Each began to accuse the other of fraud, and the poor wife,

being ipiite unable to decide between them, made both come with her

to a magistrate. The officer, with the politician's fine sense of sorcery,

suspecting a dog in disguise, put both the fellows into the cage of a

tame tigei'. whose special aversion was dogs. Of course the sagacious

animal knew which was the false husband and the real canine, and the

affectionate couple were reunited.

The second variant of the theme relates to the wife of a man who

was so long separated from him that, believing her husband dead, she

married another. Unlike Enoch Arden, the man on his return wants

his wife back, while her second spouse denies any prior lien upon his

property which he is l)ound to respect. The woman herself, being
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attached to both and unable to decide as to which has the better claim,
brings the case to the local magistrate, who orders the supjjliant to be
confined in a cell over night. On the morrow the rival liusbaiids look
into the room where she was placed, to find her bod}^ hanging from the
rafters. Suicide, it may be observed here, is so common in China as

hardly to occasion a remark in passing. The judge, after this discov-

ery, asks who will give the poor sacrifice to their jealous loves a decent
burial. The second husband declares that he was contending for a live

mate, not a dead one; the first, however, takes it upon himself to

perform the last sad rites in honor of his beloved, when she is brought
in and given to him alive and well. A straw figure had been dressed

in her clothes and suspended in her cell by the wily magistrate to test

the real sentiments of the two men.

A third resembles the Bible stor^^ in all but its brutal Semitic

denouement. Two women had each a boy, but upon the death of one

infant his mother claims the surviving child. When the case is ])rought

before the justice he orders one of his domestics to take the lad and

train him for ofiicial life. As he supposed, the pretended mother

demurs, being only desirous of having the child herself; but tlie real

mother, glad of such an opportunit}' for her ofispring, tearfully con-

sents to losing him provided his future is secured. There is, we must

confess, a finer sentiment about this version than pertains to either the

Hebrew rendition or its Japanese analogue, in which latter the famous

Judge Oka orders each claimant to pullan arm of the child until it

leaves its socket. Naturally only one shoulder is dislocated in the

process, and the true parent is thereby discovered. To the Chinese

belongs the credit of telling this famous old story without hurt or even

threat of mischief to the child.

^

When Emerson declared that "the highest can not be spoken of in

words"' he intended no allusion to Polynesia and the Far East, but his

apothegm conveys perfectly the idea embodied in their widespread

practice of euphemism and tabu. The word tabu (tai^i) has become

too familiar to need explanation in any modern European language;

yet the institution with all its dread force has never perhaps been

adequately understood in the West. Doubtless in its original inception

it belongs to primitive man, and when the old Persian mo.iar.-hs pun-

ished contumacious officials by condemning them to stand in the open

court })v the palace gate, where it was death to feed or touch them, but

where "the guard compelled them to remain until they starved, they

simplv perpetuated a practice of their remote ancestors. No custom,

indeed, is more universal. For instance, the Tahitians wdl never use

the house or personal belongings of the dead. In ancientJapimji .u^'

1 Compare also a C^i^^li^^ik^i"^^^^^

I'histoire des religions (Musee Guiniet) 19<= annee 7. 38. ho. 2. bept.-Oct. IhJJ. j..l a..
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palaco liad to bo Imilt for oacli new oniporor, soino distaiK-c from the

estal)lishinent of his deceased predecessor. Nor is it iiidikely that

the harharic Asiatic and Afi'icaji custoin of killiiio- and hurvino" all a

dead kint»-',s wives, servants, and horses was simply an enforcement of

the tabu that involved them all in the category of his personal ett'ectH.

In China, as in ancient western Asia, the institution applies chiefly to

expressions rather than to acts. Thus the Emperor's prop<M- name is

not permitted to l)e written or pronounced by any of his subjects, the

characters being amended and their sounds changed when his reign

begins. Confucius's personal name, K'iu, must never be used. When
it occurs in the writings of his conunentators it is pronounced mau,

and this has always been so. In time even the conventional mau
has acquired a sort of veneration that unfits it for vulgar use. so that

an acre of land—which happens to l)e the meaning of mau—is called

"yau" in South China. Now, by a whimsical coincidence, yau is the

Canton prommciation for the unpronounceal)le name (KMu) itself. Thus

it ha})peiis that the original tabued word lias rej)lace(l the one which

was first adopted to replace the original.

All this will suggi'st to the Bible student t\\o sanctity that made the

name Yahweh utuitteral)le among the ,l«>ws, whose Talniudic legt'nds

also declare tiiat Solomon made heaven and eai'th to (|iiake when he

uttered the unconunuiiicable name. It must have been some naive

dread of otlending theii- deities that led other ancient peoples, includ-

ing the (xreeks, to coin att rilxitive titles instead of calling them by

name. It is the same kind of i(^spect that a Kirghiz woman to-day

shows her husband, whose real name she never i)erniits herself to utter

in the presence of others. A Chinaman for the same reason will not

say his father's or grandt'athei"'s names wh(»ther they be alive or dead.

In this manner, and through extension of the notion of tabu, has arisen

the practice of euphemism, which is so conunon as to l)e a heritag'e of

all mankind. If the word or id(Mi is offensive another must fulxc its

place, as among the Jews, being forbidden swine's flesh, they c.illed

the pig " the other thing." Death and diseases naturally come in for the

larger share of these, some of the Chinese expressions IxMng ((uaintly

suggestive, as when a funeral is referred to as "'that white affair," or

the chills as " l)uying firewood illness." The source of this euphemistic

habit—fear of irritating the lurking demon—must account for th(> ])ecu-

liar Chinese usage of either giving their sons girls' names, or dubbing

them "little pig" or ''black cur," and similar ungentle appellations,

that the divinities may be deceived into thinking their possessors

unimportant. We maj* forgive them the implied reflection upon the

sex, for the hateful deity in question is supposed to have no appetite

for little girls, therefore the exchange of names does no harm. The

pathetic eflorts of Asiatic parents to outwit the dread monster who
would rob them of their ofi'spring are grotesque enough, but they

reflect a feeling that stirs the heart of all mankind. A grandmother
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in C'anton with some ostentation weighs the tiny boy who has just
arrived to cheer his parents after the loss of their tirsthorn—the hope
beino- that the waiting- god may pass him by because of his insignifi-

cance. A mother in England had three daughters in suc(^ession named
Helen, and all died. When a near neighbor, whose second daughter,
called Marian because she resembled her dead sister of that name, fell

dangerously ill, remembered the fate of the other family and substi-

tuted Maude for Marian, the girl recovered and few doubted that the

timely ta})u had removed the spell. Is there much difference between
the pagan and the Christian episode^

The horrid sprite who feeds chiefly upon infants of tender years is

a female ogre, called in Canton Sam-ku-lok-po. She bears a strong

affinity to the Lilith of Rabbinical legends—that earthborn first spouse

of father Adam, who was turned into a demon that has vexed his prog-

eny ever since the fall—herself merely a later Semitic version of the

proto Babylonian Lillal and Kiel-lillal, male and female devils of the

night. She it is who enters the children when they have long crjang

spells or when their souls are wandering {as souls will always wander)

in sleep. The changeling thus engendered must be promptly dealt

with or all is lost and the child grows up an idiot. An ink of dried

banana-peel ash and water should be made and a cross marked on the

baby's forehead the next time he is asleep. Then when Sam-ku-lok-po

swoops down again on obscene wing she will fail to recognize her

victim and the little soul can creep back once more.^ This is a less

off'ensivo mummery than the Irish test of putting the suspected change-

ling on a shovel and holding him over a muck heap. But what shall

we say of the sign of the cross in Chinese folk-cult; is it accident or

survival '(

While considering this phase of our subject we are irresistably led

to the matter of demonology and witchcraft, without some regard for

which no discussion of folk-lore would be complete. The air of the

Eastern world is peopled, as everyone knows, with jinns and spirits

both good and evil, while in China reliable accounts of their confed-

erates and interpreters, the wizards, go back at least as far as thirteen

centuries before Christ. The conmiunication of human beings with

these powers is not looked upon there with the sort of horror it has

always inspired in the West. The uneducated look with some

qualms upon those versed in the magic arts, while the lettered sneer

at their pretensions, but there is no notion on the part of either

element of society to prohibit or persecute. In ancient days the office

of wizard in chief, the efficient agent of all the occult powers

that mioht injure or influence the realm, was as considera])le an

appointment at the court of China as of Persia. The love of genu

in the East resembles so closely that in the west of Asia as to

call for nn pnrticnlar^oticejo anyone acquainted with the Arabian

1 China Keview, Vol. IX, p. 204.
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Nights Entertiiininoiits. Jinns can ])ocoine small or lariL:(\ \isi])le

or invisible, Vwo in air, water, or earth, without l)reathin«i' oi- eating-,

assume any shape, and conti'ol any number of assistants. Taoists

ascribe to them immortality, and consider them as the hiyhest order of

intelligent beings, but there seems to be some uncertainty as to the

distinction ])etween genii and shen or spirits, a lower ordiM- of imma-

terial ])eings recognized in their m^'thology. They form an indispen-

sable element in tales of all sorts, being regarded for the most part

as rather helpful and gracious powers, though often extremely dan-

gerous to deal with. In the romance entitled The Thunder Peak

Pagoda, recenth' paraphrased in Julian Ralph's charming little volume

Alone in China, the heroine is a snake jinn, who transforms herself

into a beautiful woman and wins the love of an honorable man. She

procures money by the simple proceiss of sending her serpent attend-

ant to lilch it from any and every part of the emjjire. Yet, though

she biings troul)le and disgrace upon her husband, she begets a son

who makes the family famous, and eventually obtains forgiveness and

reunion in the spirit world with the man who loved her.

xVnother romantic exi)erience of a similar, though ha])pi(>r, kind is

related in the story of tin* Enchanted Peonies, wherein a gentleman

living in a monastery among the hills becomes enamoured of one of

two flow(M' fays. After som(> months of ])leasant companionship she

disappears, because her peony hush is uprooted. The disconsolate

lover at length learns through her companion spirit that the god of

the spirit world, in commisseration for their woes, has consented to

restore her to a Hower in the monastei-y. She presently reappears,

and at the end of a long life togethei' l>oth lovei- and mistress are

united in the form of tiowei' fays.

Diseml»odied spirits, in Chinese folk-lore, are endowed with strange

powers when they return to earth, and are occasionally permitted to

employ them in (^arning freedom from r«»p(»ated births, then^by ])ecom-

ing at onc(> angels in a state of supreme t)eatitude. One of thes(\ in

the guise of a beautiful girl, meets and engages the affections of a

young man. In the coui'se of their acipiaintance she wains him

against the machinations of a sister spirit, who is a murderess and

trying to entrap him, and insures his safet)' by giving him a charm.

Presently an exoi-i-ist comes to the house in scnirch of the little coterie

to ^vhom these stygian sprites belong, and succeeds in getting them

tightly corked in his bottles. The lover, however, upon entreaty from

his charmer, releases her and she escapes. Ten years afterwards she

reappears, but, when urged to remain, savs that her conduct during this

term of probation having been pronounced satisfactory she is entitled

to her celestial reward. Out of gratitude she tells her admirer when

he is to die and join her in a state of perennial bliss.
^

^Giles's version of "Miss Quarta Hu," in Strange Stories, p. 152.
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Stories of this type suggest the characteristic element of the l/ndine
or Mehisina group of legends in Keltic mythology. Here a nymph
or fay desires an immortal soul or escape from enchantment/ which
can only be secured by union with a mortal. -In Europe the condition

imposed upon the man is finally broken. Undine, for example, is

brought to a stream in violation of the contract with her lover, and in

a quite pardonable transport she subsequently kisses him to death.

So it is in the Hindu tales belonging to the same family group, as in

the experience of Urva^-i, an apsaras, or heavenly maiden, who
o>)tained the mortal Puravaras as bridegroom upon the condition that

she should never see him naked. The infraction in this case was not,

like Psyche's, due to her own weakness, but to the jealousy of her

celestial companions, who most unfairly enticed him from bed one

dark night and then revealed his nudity to his wife by a flash of

lightning.

The wanderings of a soul while the Iwd}^ is still alive are not imag-

ined alone in the East. Dreamland travels are, of course, familiar

experiences everywhere, and there is no great step from belief in

sleep-absence to belief in a longer absence during trance. In Asia

generally there is a settled conviction that the soul departs from its

mortal frame while unconscious, and the greatest care is exercised by

friends of a sleepei' not to move his body lest the wandering soul fail

to discover it upon her return, and death result. Meantime the soul

in its excursions may be animating some other body, human or animal;

hence the motive of many a strange tale like the following, which may

bear quotation in extenso as a fair example of the Chinese marchen

typically developed. It is entitled:

THE PAKROT.

A young savant of the province of Shensi had six fingers on one

of his hands; more than this, his character was one of singular naivete.

Whenever he found himself in a social gathering where there were

ladies, he was sure to run away. If a woman came up to speak with

him, he blushed to the neck. Everyone made fun of his timidity and

gave him the name of the '' Innocent Seng."

In the same district there dwelt a great merchant, wlu) was nclier

than princes and noblv connected as well; he had a daughter named

A-Pao, whose beautv was famous. She had already reached a mar-

riageable age, but was extremely hard to please in the choice of a

'^^
'innocent Sgng had just lost his betrothed^^ To rally him they

told him that he ought to make his addresses to Miss A-Pao. 1 his h.

actuallv did, thinking he was following good advice.
1^;^;;;';| ^

his poverty his proposal was not favorably received. The^go^between

'Baring-Gould, "Curious Myths," Philadelphia, 1869, p. 488.
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in leaving her fiither'.s house met A-Pao lier-self and asked her pri-

vately if for her part she would consent to this union.

"If he will cut off his sixth tinj,rer," said A-Pao, laujjfhinjr, 'TH
marry him."

This reply was l)r()u«iht l>aek to Senji', who. takint^- things seriously,

as usual, seized a knife and rid himself by a sinolo blow of the finj>-er

which he believed to be the sole obstacle that lav l)etween him and a

t)rilliant marriaye. The pain was intense and the loss of blood so great

that for several days he lay between life and death. When he recov-

ered, he hastened to show his hand to the go-between and beg her to

obtain for him that of A-Pao.

But the young girl, getting more and more exacting, now insisted

that Sr»ng should rid iiiniself of the mania of taking even the lightest

things so seriously. The artless fellow understood at length that they

had been anmsing themselves at his expense, and, having no means of

himself demanding an explanation from the young girl, he soon felt

his first enthusiasm tor her cooling. He consoled hiniscdf by declaring

that A-Pao could not possibly be a serious person, and that he ought

not to regret not having married her.

I'pon the Fete of the l)(>ad his fri(MKls proposed to him a stroll to the

cemetery, hoping to meet someone who would suit his fancy. Per-

chance their good luck might ])ring them across A-Pao. And in fact

they did see the l)eauty seated und<'r a ti'ee, surrounded by a crowfl of

youths who formed a wall of admirers round about her. Indeed, her

))eauty was une(|ualed and worthy of all this homage. AVhile the

others praised the young girl's l)eautiful face in speeches of labored

eloquence Seng remained silent. When the people had gone awa}^ and

even the girl had left hov seat, he remain(Hl alone, motioidess, not

answering a word to the appeals of his friends. riiey slai)ped him on

the shoulder, saying: "Has your >oul gone oH" with A-Pao?"
It was no use. He hadn't even sense enough left to understand

what was said to him. So they took him home. He kept his bed as

though he were drunk. From time to time he would reply to those

about him a single phrase—that he was with A-P-ao.

After that meeting it seemed to him that he had gone before the

loved one, accompanying her to her home, and that since then he had

not left her side. On her part the young girl saw every night in her

dreams a young man who called liimself Seng. Shame alone kept her

from telling her parents of these secret visions.

Meanwhile, the body of Seng remained to all appearances entirely

without animation as though fluttering on the edge of eternity. At
length permission was asked of the father of A-Pao to send priests to

his house to call ))ack the soul that kept his daughter's company. "We
have nothing to do with one another," said he, wondering; "how can

his soul be detained here ?

"
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Finally, yielding to the tears and entreaties of the sick man's family,
he consented to having the Taoist ceremony performed. The young
girl was greatly struck by this coincidence, and in the depths of her
heart was touched by the profound love she had inspired. The youth
revived, thanks to the exorcism, but was grieved no longer to see her
»)y whose side he had l)een so entirely happy. He only awaited from
that moment an opportunity to meet her again.

One day he learned that she was going to the temple. He arose in

the early morning to go and watch in a spot where the carriage would
pass. A-Pao came, toward midday, and at sight of the young man
deigned to raise the curtain a little so as to see him; she even sent a

maid to inquire his name. On reaching home Seng fell ill as ))efore,

with this melancholy difference, that his soul could not as on the first

time go forth and dwell with A-Pao.

One afternoon, seeing one of the children of the househokl playing

by his pillow with a dead parrot,. he thought if only his soul could

enter the parrot's body he might in this way fly to his beloved's cham-

l)er. Hardly had this thought occurred to him than the parrot started

up alive, took its flight and reached the room of the young girl, who
eagerly caught it without its making the least resistance. When she

was going to put a ring around its leg, it cried out: " Do not chain me;

I am Seng!"

'"Your great love has made a deep impression on my heart,'" said the

young girl, with joyous surprise. "But we are no longer of the same

species; how can we ever fulflll our vows?"

"The happiness of being near you is enough for me," replied the

parrot; "I ask no more."

He ate out of no hand but that of the girl. When she siit down, he

perched on her knee; when she went to bed, he slept by her side.

A-Pao loved him tenderly; too much, indeed, to want to have him

remain a parrot. She sent her servant to inquire after the condition

of her lover's body; they said that his breast was still warm.

"If you could become a man again," said A-Pao, caressing the par-

rot, '"I will swear to give myself to you."

The parrot appeared to reflect a minute and suddenly took flight,

carrying off in his beak one of the young girl's slippers. He flew

straight away in spite of his mistress's call.

Seng's family who were all in tears standing around the Ijody were

surprised to see it suddenly move and sit up at the very momeiKt. when

a parrot came in by the window and fell dead on a mat in the chamber.

A-Pao seeing her dear bird disappear, sent an old serving woman

quickly to witness the changing of the soul which she knew would

take place, and to reclaim her slipper.

'"The slipper is a promise," said Seng; ""I shall k.-ep it until th.' day

when that promise is made good."
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A-Pao's mother, when she was made aware of these extraordinary

events, was quite willing to consent to a marriage; but the father

could not endure the idea of having a son-in-law at once poor and

demented, and he persisted in refusing. His resistance was overcome

by the threat which the young girl made of putting an end to her

life. AVhen the youth learned the good news, he became well all at

once.

The following day the wedding was celebrated.

After three 3^ears of this happ}' union Seng died. A-Pao would not

survive him, and sought means to commit suicide so as to follow him

into the other world. Fortunatel}'^ those about her prevented her

from carrying out this dreadful determination. At the moment when

they were putting the dear husband's body into the tomb, what was

A-Pao's joy to hear him groan and speak from beneath the grave-

clothes! Seiig had come to life again.

Upon descending into the lower world he had seen the great god

there who had already appointed him to some subordinate position,

when the steward suddenly announced the immediate arrival of his

wife; taking pity upon a love so complete, the god allowed Seng to

return to life.

"That is wh}^ you see me here," he added, pressing A-Pao to his

heart.

It must not bo thought that this insufficient resume exhausts the

category of strange resemblances between the folk-lore of the Fai- East

and West. It is evident to the most superficial student that critical

and scientific work in the field of Farther Asia has only yet been begun.

Much remains to be accomplished in the merely preliminar}^ laboi- of

collection and classification; after this has been done in every locality

there remains the greater task of assimilation and comparison with

kindred conceptions found among other races. Hie labor, hie opus

est; and no one can well comprehend the magnitude of the operation

who has not, whether by choice or by chance, been brought into con-

tact with the vast accumidations of material yet imtouched. In this

research there await at every turn fascinating opportunities for com-

parison with our own familiar nursery and tap-house acquaintances.

What shall we say upon discovering in Korea the widow's cruse of

Scripture lore—onl}^ that here the miracle is applied to a wine instead

of an oil jug? Or to a Japanese version of the medigeval witch's spell

laid upon her victim b}" means of a waxen image? Or to AH Baba's

open sesame in Tibet; or to Punchinello and all that he implies in the

Middle Kingdom '. These are but samples of the rich harvest to be

gathered for the sociologist, the mythologist, the student of compara-

tive institutions of the future. Though the contribution to science

may fall short of expectation, much Avill be effected if we establish

thereby the intellectual community of races, the brotherhood of man-

kind.



THE LOOT OF THE IMPERIAL SUMMER PALACE AT
PEKIN. '

By Count D'Herisson,

Secretarij and interpreter to General Montauban.

\^Note.—While China is occupying so much attention it seems opportune to repub-

Hsh a document of great ethnological value, both for its most interesting description

of the great summer palace and the treasures it contained, its apparently fair account

of the mental processes of the Chinese ruling classes and their attitude toward for-

eigners, and the frank statement of the uncontrollableness and barbarism into which
trained European soldiers may relapse under temptation.

The Imperial Government of China was at this time (1860) under great embarrass-

ment from what was known as the Tai-ping rebellion, and the rebels were ravaging

the country in armies so powerful as to threaten the safety of the dynasty. Mean-
rthile an expedition of French and English troops was sent to Pekin to insist upon
the ratification of the treaty made in 1858 with the English commissioners at Tien-

tsin, with the understanding that it would be concluded at Pekin in 1859. Baron
Gros and Lord Elgin were the diplomatic representatives of France and England,
and General Montauban and Sir Hope Grant were the immediate heads of the French
and English armies.

During 1859 an armed English force started for Pekin, ])ut was repulsed at Taku
in its attack upon the forts, and returneil to Shanghai to wait for the arri\-al of a

larger army.

On August 1, 1860, the allied armies landed at Pei-tang, a village 12 miles north

of Taku. The forts were taken, and again the Chinese endeavored to persuade the

allies not to move in force upon Pekin, but to send diplomatic representatives with

a small escort. The French v^^ere inclined to agree to this proposal, but the English

disapproved. Events proved the correctness of the position of the latter, since in

the course of this march they encountered a Chinese army of nearly 60,000 men,

arriving on the outskirts of the Imperial City on October 6. It was the intention of

the generals of both armies for the moment to preserve the great palace, but while

commissioners were deciding upon the disposition to be made of the treasures fomid

in it, and as the result of a shot tired and a panic, the French troops and some Eng-

lish troops, the coolies, and camp followers rushed past the guards, and the unau-

thorizeil pillage described in the article, and lasting over the 7th and Stii of October,

ensued.

The reader should note these dates in connection with the date of the quite sub-

sequent destruction of the palace authorized by Lord Elgin on October 18.

'Extracts translated from the "Journal d'un Interprete en Chine, par le Comte
D'Herisson. Nouvelle edition, Paris, 1901."

SM 1900 42
gQj
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A few (lays after tlie pillajje hotli armies were horrilied by the ajipearanee of 11

wretched men, all who had survived from a party of French and Kiifjlish who had

been made prisoners, while acting as envoys under an invitation from the Chinese

authorities, and tortured, accompanied by the bodies of those who had succumbed

to the dreadful tortures inflicted upon them. The bodies were buried in the Russian

cemetery near Pekin, with impressive ceremonies. On October IS Lord Elgin ordered

the destruction of the Summer Palace ( Yuenmingyuen). He says:

'

"I had reason to believe that it was an act which was calculated to inoduce a

greater effect in China and on the Emperor than persons who look on from a<listance

may suppose. It was the Emperor's favorite residence, and its destruction could

not fail to be a blow to his pride as well as to his feelings. To this place he brought

our hapless countrymen in onler that they might undergo their severest tortures

within its precincts. * * * As almost all the valuables had already been taken

from the palace, the army would go there, not to pillage, but to mark by a solenm

act of retribution the horror and indignation with which we were insi)ire(l by the

perpetration of a great crime. The i)unisiiment was one which would fall, not on

the peoi)le, who may be comi>aratively innocent, but exclusively on the Emperor,

wh'o.se direct personal respon.sibility for the crime committed is established, not only

by the treatment of the prisoners at Yuenmingynen, but also by the edict in which

he offered a pecuniaiy reward for the heads of the foreigners."

The above, it will be noticed, is the account given by the pjiglish of the reasons

for the destruction of the j>alace. It will be notetl that the enormous unauthorized

pillage ha<l already taken place, before the troops had learned of the alleged ill-

treatment of the envoys, and that except the buil<ling itself there was little left for

the English army to destroy when the official order was given.

It is to be regretted that we have not the Chine.se story of the whole transaction,

as the fairminded reader will wish to hear both sides.

The writer of the volume, from which the extracts following were made and trans-

lated, was, at the time of the events narrated, a very young oHicer, but extremely

intelligent, and the author since of other \'nlual»le works. He was secretary and

interpreter to (ieneral Montaul)an.

The disposition of the Chinese toward foreigners may be illustrated by some

extracts which are made from the narrative, before coming to its most interesting

portion, the loot of the Summer Palace.—S. P. Langley.]

* * * Colonel Schmit7 and Commandant Cami)onon entered a

mandarin'.s hon.se, surrounded t)v jo^rcat gardens, and were struck

dumb by this spectacle: In the principal chamber on the ground floor

there was, as is usual in northern China, a sort of great bed, taking

up all of one of the sides of the room. The bed, which is hollow, is

made of bricks and is a kind of heating apparatus containing a furnace

which opens on the outside of the house so that the "bed" keeps

warm all the winter. On it are heaped mattresses covered with silk,

and cushions and hangings, and there the family passes its time.

On this bed were extended three women—an old woman simply

clad and two younger clothed in sumptuous dresses, one of whom was

remarka))ly pretty. The throats of all three were cut, the wounds

were gaping and the silk hangings were stained with the purple

blood from them, which was flowing and falling in a cascade on the

^Elgin's Letters and Journals, p. 3B6, quoted in The Middle Kingdom, AVilliams,

D. 685.
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floor. The women were still breathing, with their nuMuhers shak-
ino- ,n the last spasm of the death agony. Beside them, two little
girls were toying with the long, black tresses of the dying women
and playing hide and seek with each other in the blood-stained
clothing, laughing at the singular movements of their youno- mothers
or their great sisters. The faces of the children were smirched with
the blood like those of babies eating jam. Opposite the bed, seated
in an arm chair of teak wood against the wall and looking at this hor-
rible spectacle, was the mandarin, the head of the family, who, to save
these unhappy beings—probably his mother and his two wives—from
the outrages of the ])arl)arians, had sacriticed them himself. His heart
or his hand had failed him when he came to the two little ])eings who
were still alive. He had opened his own throat with a razor, and,
superb in his robes of silk, immovable, he sat there still alive. Through
the open gash the blood flowed at every respiratory movement along
his Ijreast and fell upon the open razor lying on the floor. In his

right hand he held his fan, which he used to drive away the greedy
flies who were gathering on the frightful wound, and. under the fan-

ning, the blood was already hardening and becoming brown. His eye,

still hard and keen, was flxed flrmly on the two terrified ofiicers.

Schmitz andCampenon left, taking away the two little orphans,

whom they put in charge of the chief almoner of the army, who sent

them to Shanghai, where they were charital^l}" cared for.

After hearing such things, the first thought that struck mo was this:

"If these people,'' said I to myself, " have such a horror of us that the}'

do not hesitate to kill their own families and themselves, I'atlier than

sufi'er any contact with us, Avhat treatment, great Heaven! would they

have for those of us who were unfortunate enough to fall into their

hands. What treatment?'', alas, the future was to tell us!

Later, Lord Elgin came to see the General and gave him part of the

papers which were found on one of the mandarins who had cut his

own throat in the camp of 8inko. Among these papers was an edict

of the Emperor of China, ordering his subjects to kill the im ading

Europeans like evil ])easts. Here is the official edict:

''MANIFESTO OF THE EMPEROR OF CHINA AFTER THE CAPTURE OF THE
FORTS OF PEI-HO.

''Scarcely had the barbarians endeavored to force the passage of

Taku, when, in the twinkling of an eye, all their vessels were sunk,

and thousands of corpses floated on the water for more than a league

in distance. Some had succeeded in escaping and earned to their

friends the news of this terrible punishment.

"I thouoht that this lesson would have sufficed to make them more

circumspect. But who would believe it! Scarcely one year has

elapsed since the memorable victory for our arms, and here they are

back again, more mimerous and more arrogant than ever.
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" PioHtiiiii" l>v the low tido. thcv disoinlturkiHl at P<Mt!in»i- and attacked

tlu' f()niiida})l(' intreiK-hiiHMits of Taku: l)ut, harhariaiis as thcv are,

th(\v attacked thcni ])v nioht and from hehiiid. In this way thej- were
able to surprise our troops, accustomed to see themselves faced by
a courageous enemy, and unable to imagine that such perfidy and
deceit could l)e employed against them. Now encouraged by this suc-

cess, which should have covered them w^ith shame, they have dared to

march upon Tientsin: but my anger will reach them there, and for

them thei'c will be no mercy. Therefore we order all our subjects

—

soldiers and lal>orers, residents of the town and of the country, Chi-
nese and Tartars—to destroy them like noxious animals. Wo order
our mandarins and otticers, both military and civil, to cause the people
under their control to evacuate every city and haudet towards which
these miserable strangers appear to be going. They must equally
destroy. l)v tiie and water, all the food and the provisions which the^'

would be forced to abandon. In this manner this wretched race,

hunted I)y tire and by famine, will soon perish like tish in a tank that

has been drained.

"(iivcn at Vuenmingyuen the twenty-thiid day of the tenth month
of the ninth year of our reign."

Another edict issued at this time put a piice upon the heads of the

barbai-ians. It made known to the people that for the heads of ambas-

sadors 1-J. (»(»<> francs would l«' paid, for those of generals, 8,()<»o. and

so on.

[Iiimu'(liati'ly al'ttT tliis, ("duiit D'llerissnn {jive^ a P])irite<l account of the attack of

tho allicil armies uii the Takii furt, wliicli they cajitured, Imt with very con.siderable

loHs. His trilmte to the courage of tlie Chinese shoiild he ^iven.]

The few men who had no time to tly before we took possession stood

massed, upright, and motionless. They had thrown their arms down
before them in a heap, and what arms, good Lord! (hins. discharged

by slow fuses, of most inoi'edibly ancient forms, generalh' (juite harm-

less, and painted red; bows, crossbows, some lances, and bad sabers.

We coidd not but ask ourselves how. with such means, they could

have done us the harm that they did. It was not their armies which

had been so fatal to us; it was their desperate braverj-. They pushed

back with their hands, as in the ancient sieges, the ladders which were

covered with our charging marines; they threw onto our men their

guns, their ])ullets, fragments of our own shells, and stones, and all

those who had been ordered to defend the ramparts bravely died at

their posts.

As in the camp at Sinko, we found m the mandarin's tent the

corpses of some of these dignitaries who had stoically cut their throats.

One of them, the highest in rank, no doubt must have been a very

great personage, for his costume was not only rich, but decorated

with the peacock feather, and we learned afterwards that he was the

commandant of the forts of the left bank.

Immediately after the taking of the tirst fort, the Chinese hoisted a
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white flag- on the .second one and sent representatives to confer with
our officers. The two parties met with courteous sahitations, and after
the customary ''ching- ching-/' the mandarins asked to be introduced
to the ambassadors. The mandarin, who was the bearer of the flag- of
truce and who was of an inferior rank, was informed that the ambas-
sadors were not there. " It is unfortunate," he replied, " we have got
a letter to give them which authorizes them to enter into the Peiho,
provided that hostilities are suspended."

The Chinese are our masters in diplomacy, and they have recently
proved it. Now, at that time they were no more stupid than they
are to-day. They had used, and they always have used, unlimited
postponements, for a Chinaman will be eighteen years in discussing the
place of a comma in a diplomatic paper. To him it is all the same;
he is never in a hurry, and tinie is nothing to him, and it is this indif-

ference to time which constitutes the strength of the court of Pekin.

The Chinese then began to go through their diplomatic procedures

with our officers, but fortunately Mr. Parkes, one of the most skillful

agents that England has ever had in the Celestial Empire, took charge

of the conversation, and replied that the propositions contained in

their letters were simply laughable, and that the officers for whom
he was interpreting had only to demand the surrender- of the forts.

The mandarins replied that in this case they must retire; that the

fort was well armed, and that the Europeans might come and take it.

General Montauban was for an immediate attack, ])ut his English

colleague proposed to give the Chinese two hours. The allied officers

sent to parley were received by a mandarin of elevated rank, a chief

of high stature and martial bearing, who endeavored to gain time,

but he was assured that if the forts were not surrendered in two hours

they were to be attacked. '' Well," said he, '' try it. We have powder

and cannon and we will know how to meet you."

At the end of the time our forces marched on the fort in a solemn

silence. We marched on, leaving our tirst conquest behind, expecting

that the Chinese would open fire at once, but no cannon shot came;

nothing at all happened, and this silence excited the suspicions of

our generals, who asked if the enemy was only letting us approach

nearer to bring us within the range of grape. The army halted within

gunshot; Captain Bovet, of the engineers, advanced and laid planks

over the tirst ditch, followed by the general and the assaulting column;

everybody followed him, and while we were asking ourselves what

infernal stratagem was hidden under this silence, and were expecting

to see the formidable artillery which we beheld before us begin to tire,

we saw all at once the general and his soldiers on the rampart. Two

minutes later we saw the great door of the fortress open; we entered

and beheld something unexpected, for all the garrison, 3,000 men,

were massed there motionless, the Chinese prisoners havmg thrown

their arms in heaps before them.
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Tli(' gonoi'iil iipprotu'hcd, and by liis order 1 asked some of them

where their ehief was. "We have none,"" they said. '"Where, then,

are your subaltern officers? '' Three mandarins of no importance came
forward and explained that the chief oencral had l)een killed in the

other fort: he was the man who had the peacock ]ilume, and nobody,

they said, had dared to take the connnand afterwards without the

Knipeior's ordi-rs. The ability of a chief comes to him from

tile Emperor throu^^h the ordei-s which he transmits, and whoever is

vain enough to assume himself the responsibilities of such command
can only commit faults; and. they added, "if the mandarin invested

with supreme power could not defend the tirst fort, how could we
have any pretension of doing better than our connnanding officer did?"

After this discourse, so full of good sense and respect for official

order, the three lower class mandarins knelt down, beat their Ijreasts

and asked to be sent to the right bank. * * * It was evident that

the demoralization of thi' Chinese, to which we owed the surrender of

perfectly defendalili' fortresses, came from the death of the conunand-

ing general, who was said t^) be the own brother of 8an-Ko-Li-Tsin,

tile coniniander in chief of the Chinese army.

[Count D'Ht'-iisson, attiT jriviiiji: the history of the sulwequent uefrotiations, in

whieh it was arranij;e<l that the ani))assa<lors should jxo to the capital to finally ratify

a new treaty there, refers to the delicate (|uestion which arose as to the nunil)er of

l>ersons in the escort which the ambassadors should take with them to Pekin. The
Chinese insisted that this escort should lie a very small one, rea.soning as follows:]

"You are treating with us to secure your interests and protection

for your connnerce. and it is in your own interests then not to diminish

the prestige of our sovereign. You have everything to gain on the

other hand whil(> leaving him the moral force necessary to execute the

treaty and to guarantee the favors he has conceded. If you airive at

Pekin with your victorious generals escorted by their armies, our

Kmperor will appear in the eyes of his subjects to yield to force, and

you will have no occasion for surprise if in spite of his good will you
do not find him giving with a good grace."

Baron Gros, the French ambassador, would have been satisfied with

an escort of a few men, but Lord Elgin did not view it at all in the

same way and would not go to Pekin except surrounded by a force

sufficient to represent properly a great nation and a great Queen. He
demanded an escort of at least 1,000 men—infantry, cavalry, and

artillery. The French General (Montauban) himself did not share this

opinion, and supported the French ambassador. He could not imag-

ine the possibilitv of treason on the part of the Chinese, and the gen-

eral wrote to the French minister of w^ar, complaining that our allies

were compromising the result of so successful a campaign out of their

puerile vanity in exhibiting their forces. He wished to explain that

he was not responsible for the fatal consequences which such a show



LOOT OF THE IMPERIAL SUMMER PALACE AT PEKTN. (i07

of force mig-ht bring about, * * * but the P^nglish were right a
hundred time.s over. If we had listened to Baron Gros, if the Chhiese
had onl}' waited a fortnight longer before showing their hand, not one
of those who would have left for Pekin \vould have ever come away
alive, and the defeated arniv, deprived of its lead(M-s, would have Ijeen

massacred at the gates of Tientsin with no one to return to Europe to

bring the news of this tremendous disaster.

On the 10th of September we left Tientsin (for Pekin) witii :3,UU0

men and two batteries of artillery, the English being in equal force.

The twelfth day, when we were at Yangtsoun, an incident occurred.

A mandarin of low rank, but lofty stature, asked to speak to the

French general, and I was directed to interpret. He was iuirdly

seated when he asked the general to consent to having the troops fol-

low some other than the main road, which went through two villages

belonging to him. asking that the villages should be left on one side,

and proposing in exchange that he would bring provisions to the

army. The general replied that the route had been laid down in

advance and that the army would follow it without paying any atten-

tion to the villages, whose inhabitants need \mvc no occasion for

alarm.

The Chinaman laid his hand on my arm and said, "Just understand

this. There are 1.000 taels for //(^i/ if you will decide your chief not

to have his troops go through these villages.'' "What is he saying T'

asked the general, who, while we were talking, was playing with a

great pair of spectacles which the mandarin had laid down on the

table. He had been trying them on, and gave a joyful cry to tind that

they were fitted to his sight. (I ought to say that two days before the

general had lost his own spectacles.) "'He says, General, that there

are T,(>00 francs for me if I can induce you to proceed l>y a different

route than that toward these villages.'' *' Ah, he says that, does he^'

remarked the general. "Well, tell him that he is a rascal, but that

1 pardon him *this time; but as every bad action deserves a punisii-

ment, I shall keep his spectacles." While complying, I pushed the

tall mandarin toward the door, and 1 can not describe the astonish-

ment with which he saluted the general, whom hesaw wearing his own

spectacles. As he went over the threshold, he said to me. "Tf 1.000

taels were not enough, why didn't you say so?" this being the only

moral that he drew from the interview.

When General Montauban returned to France there were persons

iealous enough to state that he had only gone to China to pillage, and

these insinuations were made after the affair of the summer palace

that I am going later to describe.

I who had not quitted the general a moment from his departure

from France until the last day of the expedition, would like to give

mv word of honor that the only thing which he ever looted in China

was this pair of spectacles, worth not more than thirty-nine cents.
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We urrivrd on the l;3th iit llosiou and saw before u.s everywhere

the still fresh traces of the camps of large bodies of cavalry, and now
1 understood the object of the mandarin, who wanted us to change our

route so that we should not see this for ourselves.

The general was completely cured of the conlidence m lii<h iuid made
him object to the insistence of the demands of the Enolish on arriving

at Pekin in force. He felt instinctively that something wrong was

going on around him, and he wanted to have all his people in hand.

]iefore the allies quittefl Hosiou and occupied Tangtcheou, Prince Tsai

had sent two men with new dispatches which were addressed to Baron

(xros, stating, among other things. "If you consent to encamp your
army without advancing in the villages of Yangtsoun, Tchountchou,

and Hosiou, your exc(dlency. according to our agreement at Tientsin,

can go with a very small suite and without any arms to Tangtcheou

and there we will come to an understanding on all the articles of the

convention, which we have agreed to and which we can sign and seal

before your excellency goes to the cai)ilal. In this way all delay will

be a\()ided. and the Chinese troops w ill be directed to ])rocure your

excellency wagons and everything neci'ssary for the journey, and we
l)eg that you will give us a statement of the iuiml)er of ])ers()ns who
will accompany you. so that we can ))rcpare cx'ci'ything in advance.''

(Signed, "The Imperial Anil)assa(lors. Prince Tsai Y'tsin, etc., the

loth of September, ISC.O.")

Baron (Jros once moi'c b( licxed that cNciything was arranged for

the best, and again was the dupe of the Chinese, having learned

nothing by his previous ex|)erience of their tortuous diplomacy. He
stopped the army, then two leagues from Tangtcheou. Negotiati(?ns

were going on. and there seemed, tiierefore. no danger in sending

ofHcers with a Hag of truce to Tangtcheou, and the general sent Sub-

intendant Dubut, Colonel Foulon, Captain Chanoine, and administra-

tive officers Ader and (nigey, while the Abbe Duluc, a missionary,

went with them as interpreter. The}' were also to collect provisions

and anange for the material comfort of the troops conformably with

tiic instructions of the ambassadors.

In accordance with our understanding with them the following

English officers went along: Colonel Walker, Lieutenant Anderson,

Mr. Bowlby, correspondent of the Times, and M. de Normann, first

secretary of the em])assy, with ^lessrs. Loch and Parkes, nineteen

Lulian horsemen forming their escort. M. d'Esca3'rac de Lauture,

Count Bastard, (^'aid Osman, and M. de Meritens accompanied and

formed a part of this little expedition to carry to Prince Tsai, Baron

Gi'os's dispatches. They left Hosiou and the army Avas to follow^ in

their traces, they having gone on before to arrange foi* the camping

places on the road to the city.

On the 18th the army struck camp, with tlie English at the head of
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the column. They marched fonvard for two hours, when a captain
notitied the general that there was a large Tartar armv in the way
Very uneasy, but more and more satisfied that he had brought a strong
force with him, General Montauban went to confer with his colleague,
where he found a high mandarin accompanied by a numerous retinue!
This functionary, who was called Hang-Ki and who had a rank equal
to that of one of our generals, stated that he came to arrange with
the ambassadors the ceremonial of their entry into Pekin. The oen-
eral replied that the ambassadors had not come with the advance
guard, and that he would like to know why the place where they had
expected to stop was occupied by a Tartar army.
A Chinaman is never taken by surprise. Hang Ki, pretending to

be astonished, asked our general about these troops of whom they
spoke, which he said they had never heard of, and took his leave, say-

ing that there must be some misunderstanding.

At this moment Captain Chanoine came in and informed the general

that he had in front of him a Tartar army of 30,000 men (15,000 horses,

and as many foot), and presently clouds of dust were seen on the

horizon, due to marching troops.

The generals found themselves in a critical situation, for they had

but few trooi)8 in comparison to such a mass of the enemy as was

drawn up in battle arra3% General Montauban considered it debatable

whether they should take the oflfensive, but decided that we must fall

upon the eneni}, as there was no other way to save our unhapp}' offi-

cers who had just been dispatched to Tangtcheou. General Grant, on

the contrary, thought that there was no evidence that our officers had

been made prisoners, since two of them had come back.

At this stage arrived M. Bastard, M. de Meritens, and (/aid Osman,

and confirmed in every respect the statements made by Captains

Chanoine and Gagey. There was no room for doubt that in obeying

the proclamation of the Son of Heaven, who had enjoined them to

exterminate the Europeans by every possible means, the Chinese were

developing a traitorous plan begun at Tientsin and had drawn us into

an actual ambush, hoping to destroy us by their number.

Presently we heard the gallop of a horse in disorder and saw Colo-

nel Walker arrive, followed by two wounded horsemen; he himself was

wounded in the arm and one of the horses fell dead at the feet of

the general. He related that he had left Tangtcheou at an early hour

and rode into the enemy's camp, aftecting to ))c perfectly calm, but

observing carefully what was passing about him. The Chinese officers

urged him to dismount and go into their tent; he had happily refused

and certainly owed his life to the refusal. M. Ader had been attacked

by several Chinese, and, with his orderly, defended themselves with

desperate courage; it was impossible to give any help to them, for he
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was scpiii'atcd from tluMii by an entire reoimont. and had onouoh to

do to save himself. Tiie Chinese no longer asked iiim to visit their

tent, hut attacked him and his escort. He and his men took their

hridh's in their teeth, their saix'rs in their hands, and. urj^ino- their

horses, succeeded in oxerturniui^ those about them and forcing- tlieir

way tiir(»u<:h. and in spite of tiu^ t'usiUade. thou^-h th(> riders and

horses were injured ))y the l)ails. no one was dismounted. Upon see-

ing- their e.scape, the Chinese fired three cannon shots, the signal for

the l)attle.

[The author describes the tijjlit, under these circumstances, of the French and

I<>nghsh arinie.s, who had t(j conquer or die on the spot. They conquered, i)utting

the Chinese to rout.]

Hardly was the combat over when a common thouj^-ht occupied us

all—what had become of our P^uropean officers shut up in Tanofcheou

?

Those who had escaped and whose return I lune mentioned had told

us what they saw on the 17th in the aftei-noon when they arrived in

the city. Th(^ mandarins had received them nu)st courteously, under-

takin»i- to con(hn-t them to lodo-ino-s prepared for them in advance.

De Lauture.his .secretary, and two soldiers followed one of these man-
darins and were taken to the Yamen. The otlnM's had g-one to inter-

view the Chines{> functionaries who were to aid them in the supply of

food for oui' troops.

M. Bastard had asked an audience of Prince Tsai. The conver-

sation was cordial, but the ])rince was now })reparing to trick our

poor secretary of embassy, pliiying with him as a cat plays with a

nn)use. He approved all the terms of our am))assador*s dispatch, and

only objected to the demand for escort of 1,000 men. which, however,

he conceded with a faint smile. Baron (iros (our ambassador) had

asked his secretary to demand letters of credence for this Chinese pleni-

potentiary. In the face of this matter-of-course demand, the Chinese

functionary could not conceal a mov(Mnent of anger, and replied that

bcMvould agree to the retiuest. but that he uuist express his lively indig-

nation at such a demand l>eing made of him; of him, who, he said, had

never lied, whose authority was superior to that of all plenipotenti-

aries, and whose signature was as valid as that of the Emperor's.

It must be remembered that while he was talking in thi.s way to the

French representative the Chinese were massing their troops and were

charging their cannon. Do not forget, either, that the Chinese of to-

da}' have the same character that they had then.

After having received the official reply of the prince, M. Bastard

started early in the morning to regain the French camp, escaping

miraculously from the hands of these wretches, though at the ulti-

mate cost of his life, his experiences having developed the germ of

some cerebral malady from which he died.

As to those of our people who had not fjeen able to get back, a))Out
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thirty in all. wo did not know what had becomeof them. Wo only
knew the fate of the unfortunate Ader and his heroic orderly, whom
Colonel Walker had seen killed; but Chinese spies told us that they
had seen a certain lunuber of European prisoners taken in the direc-
tion of Pekin. The reader will see what fearfnl tortures were
inflicted on these unhappy beinj>-s, and in what condition they were
brought back to us, alive or dead.

The Chinese reports were true and the Chinese army was taking
them to Pekin after Palikao, of which I shall presently relate. Two of

them were beheaded on the field of battle—an English ofKcer and the

Abbe Duluc. Afterwards when the bishop of Pekin came to Palikao

to look for the remains of the victims nothing was found, and it was
supposed that the dogs whicii had been feeding on the (;or})si's iiad

devoured them.

After the battle of Changkiawan. which is the name of that just

described, oflicers were sent under a strong escort to declare to the

taotai of Tangtcheou that if our compatriots were not returned to us

we would uiarch on to Pekin, and those who had so traitorously sur-

prised them would be held responsible. The taotai replied that they

were oone. and he knew nothing about it. There was nothing to do

then but go on to the inunense Chinese capital to terrify its sovereign

and to ol)tain the surrender of the prisoners at any cost; the army

w^as unanimous on this point, from the general to the drummer ])oy;

every))ody said, we nuist have them back if we die here!

AVe were a])out to march forward, but this time into the unknown,

without any diplomatic errand, since the negotiations were broken

and the negotiators dispersed; w^e were going, if I may use the expres-

sion, to hit liack until the Chinese begged for mercy. The small allied

force the next day found itself in the presence of a still larger army,

and again fought for its life.

One incident of the battle may be mentioned. The Chines(> were

drawn up beyond the l)ridge of Palikao (a very tine one in ston(> and

and marble). Their army numbered about 50,000 men; there was at

the entrance of the bridge a Tartar of gigantic size, a sort of flag bearer

of the generalissimo, holding an immense yellow l)anner with black

characters, which he inclined in every direction, and on which the eyes

of the generals were fixed, for it transmitted the orders to the whole

Chinese armv. '

, • i

The enemy was in full retreat; the field of battle and th.' bridge,

which the flower of the army had defended, were tilled with corpses,

but this Tartar still stood there alone, abandoned by his comrades, and

bravely transmitting the orders which he had received The shells

burst and the bullets whistled around him, but he remamed nnmovabie;

his courage was sublime, and General Montauban exclamied. - W hat

a brave man! Save him!" Some soldiers sprang forward to try to
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tjikc him prisoner, but at this moment the hail of grape which had

spared him, as if to give us time to fix his heroic form in our memories,

cut him down, and the great banner fiewaway, carrying with it attached

to its pole the arm which had sustained it.

Oui" U)sses were insignificant, amounting to l)ut 51 men for English

and French, but the Chinese had left on the field a munber of dead,

which we estimated at 1.000: but which, according to the reports of

their general, found at the sunnner palace, were 8,000. In tiie sum-

mer palace also were numberless small flags and the grand imperial flag.

Ah)ng with the papers found in the sunnner ])alace was a letter saying

wc had l)cen engaged with (Jo.ooo men, and al>o another letter from

San-Ko-Li-Tsin, dated at llosiou, stating that he had informed the

Empcior he was sure of (^terminating the foreigners. This letter

was dati'd the very day that Prince 'I'sai was saying he never lied, and

giving his word of iionor that peace would be made.

Certain tliat he could neithtn* crush us noi' resist us, the Son of

IIea\"en had nothing left to do but to abandon his throne, or to treat with

us, and he resigned himself to the latter decision, and this time it was

his own l)rother. Prince Kong, who was chargi'd with the negotiations.

It is the Chinese system to proportion the importance of the envo3's

to the impt)rtance of the difficulties which they are charged to meet.

Since our arri\al in China we had been meeting dignitai'ics of a higher

and higher grade, and one really ought to see with what stolid faces

these diplomats disallowed one anothei'.

Prince Tsai had declannl that he was not a liar, likt^ his predecessor

Koue Lian, and that his signature was as valid as that of the Emperor.

Prince Kong declared that Tsai. having conducted affairs ill, had been

disgiaced, and that he. the brother of the Emperor, was going to put

them in the right ^ay. Our great preoccupation was the fate of our

offic<Ms. The am])assadors replied that an unheard-of thing, which

had never before been registered in the annals of mankind, had occurred

at Tangtcheou; that the ambassador's envoys had V)een surprised and

cai)tured. and, we had reason to fear, bound and conducted to Pekin

in carts, and that consequently negotiations would not be resumed

until the prisoners had been sent back to our respective camps.

This was very plain, and there was need for but one word in reply;

but ""Yes" is not Chinese, (any more than ''No," for that matter).

He commenced an interminable statement to the effect that the pris-

oners were well, and would be returned as soon as the treat}^ of peace

was signed; that their presence in Pekin was a guarantee of pacific

intentions, etc., and days were spent in discussion.

It was necessary that we should finish with this Prince Kong, who
would not give us our prisoners; but how? Neither Baron Gros nor

the general had been sent to conquer the Chinese nor to overthrow the

dynasty, whose representative was in flight; to change the dynasty
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would have been imD|ssible, and it was necessary, then, to treat with
Kono-, and to treat effectively we had to appear ready to %ht again.
On leaving- Palikoa we encountered abominable roads, but traveled on

in good spirits until the tall roofs of Pekin could be seen on the horizon.
Pekin—that mysterious and gigantic city, which had .seemed in our
European dreams at such an immense distance—Pekin—at last, Pekin!
Officers, one after another, climbed the brick furnaces, and up behind
them scrambled the soldiers, stretching their eyes to catch a glimpse
of the walls said to surround so many marvels and which none of them
had ever expected to see.

The next day the march was resumed at dawn, and the gi-ound

became more and more difficult. Finally a long halt was made l)y the

arm};^ at a distance of little over a mile from the noitheast corner of

Pekin. A few minutes later an orderly arrived from General Grant

to inform the French commander that according to spies the Tartar

army had retired to Yuenmingyuen, the magnificient imperial resi-

dence, for the probable purpose of protecting the Emperor, who was

thought to be still in this, his autumn palace. Yuenmingyuen is in

fact the autumn palace, which all Europeans call—1 can not imagine

why—the summer palace. General Grant announced that he was

going to visit it, and begged his comrade to accompany him. Mon-

tauban, interrupting th€ conversation held with Lord Elgin, gave the

necessary orders, and the march was resumed past Haitien, an unim-

portant town, where the palace in question is situated, which I, like

the rest of the world, shall call, if you please, the summer palace.

The guide who accompanied Grant's orderly told us that the palace

was about two miles off, but these two miles being very much like

the "short half hour" of our French peasants; we marched for two

hours, and did not reach the place. At last, after having made a

dozen times the "two miles" announced by our guide, the French

army arrived at Haitien just as the day began to wane.

Just as Versailles is an appendage of the palace of the great king,

so Haitien is an annex to the palace of Yuenmingyuen. A broad

street, flagged with granite, leads directly to the palace, crossing, 600

feet before reaching it, a monumental bridge thrown over the canal.

It is then transformed into an avenue of venerable trees, bordered by

houses inhabited by the mandarins of the court when the Son of

Heaven deigns to show himself on earth in his summer palace.

The first companies to arrive halted in front of the palace, and soon

the whole armv was massed on the grand open square, which served

as the court of honor, and which had very nearly the dimensions ot

the Place d\\rmes at Versailles, but with the additional advantage of

possessing splendid shade trees.
,. ., ,

Before us rose the hermetically closed walls surrounding the palace,

and stretching on either side beyond our vision. Quartermasters were
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niaiking the })usition of tlie tents of each eoiiipaiiy, and tlie order was
aVKHit to be given to separate and stand at ease, when all of a sudden a

gate opened, and a ))and of soldiers and servants discharged a volley

of musketry upon the arim'.

Nothing is so impressionable as a body of troops gathered in a tumul-

tuous group, particularly when they find themselves facing something

unexpected. In the dusk, our men saw for tlu' first time a r(\gal l»uild-

ing of magnificent aspect, and heaid the magic word which had ah'eady

secured an astounding prestige among them: **The p]m])er()r!'' so

that the sudden panic which broke out on hearing these inoti'ensivc

shots was not surprising, even if it occurred in the midst of troops

which had been victorious at every point since arriving in C^hina. lun'er

recoiling a foot, and who did not consid(>r that the fact of their plung-

ing in such small mimbcu- into the midst of a nation of 4(>(i.(M>0.()()0 souls

was an act of unheard-of heroism.

For a moment all was in disorder, confusion, and tumult: the dis-

banded soldiers lan in every direction, crying out. The general knew
that an army is a string of pearls, easy to handle so long as the thread

of discipline holds together the single elements, but helpless without

military order, for the thread l)eing broken the pearls. fall to the

ground, and he for a momcMit feared a disastcM-. He used his utmost

endeavors, giving orders, swearing, persuading, reassuring, and Hnally

thrust out his cane into the vacant air, as if to stop the disorganized and

affrighted individuals. He lost his cane, which was snatched from his

hands- by whom, no one ever knew.

The panic, fortunately, ceased of its own accord, no one having been

injured by this first discluirge. Only a single bullet hit anything, and

this lodged in the head of a horse that lielonged to Conuuander de

Houille."

While order was being estaltlished and the army arranged its tents,

the general sent one of his aids. Naval Lieutenant de Pina, at the head

of a company of marines, to search the entrance of the palace, where

several hundreds of the Tartar force which had caused us so much
disturbance during the night might possibh' be concealed.

He had been gone but a few minutes when firing \vas again heard,

and the general sent a positive order b}' Lucy not to fire, fearing that

the palace might be set on fire, or that his men might kill each other,

and wishing that all should be taken by a bayonet charge. Lucy

started, the musketry tire ceased, and this is what took place. On
arriving at the great gate after the first discharge, M. de Pina had

called the watchmen of the palace to open it; as there was no response,

he had a ladder brought and climbed the wall, followed by M. Vive-

not, a midshipman. Having reached the top of the wall, M. de Pina

observed several Tartar soldiers in the courtyard, but he bravely

jumped down, hoping to have time to open to his men the large gate,

from the inside, before he could be attacked.
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The Tartars ru.shed at him, he hred his revolver once or twice, and
when in the act of taking- aim at a third soldier he received a violent
blow from a saber, whicli inflected a deep flesh wound, while almost at
the same moment he was Avounded in his left hand. M. Vivenot. who
had jumped after him. received a bullet in his side, and tlie Tartars
would have finished these two brave officers had not their men, who
hj^d scaled the wall in the meantime, come to their succor, and forced
the Chinese to retreat. The latter withdrew, carryinii- ofl their

wounded, and leaving- three dead in the courtyard.

The great g-ate was opened, the first court was occupied by the Col-

lineau brigade, and for greater security the gates which opened into

the interior of the palace were barricaded without and guarded.

The capture of the palace had cost us the wounds of M. de Pina and

M. Vivenot, as well as those of two marines, one sheep, and the gen-

eral's walking stick.

The next morning the gates were unfastened and opened. All within

was silent and deserted. General de Montauban penetrated into the

palace accompanied b}" Generals Jamin and Collineau and Colonel

Schmitz. I had the honor to follow these four oflicers.

The generals, from a feeling of delicac}', eas}" to comprehend, had

wished that the first visit might be made in the presence of a delega-

tion of English oflicers, whose troops were marching with us. None

of these officers knew what had become of their general in chief, and

the army, and cannon were fired every five minutes for an hour on

the great square, to itidicate to our allies the place where we could be

found.

We five Frenchmen were joined by Brigadier Pattlc, Major Sley, of

the Queen's dragoons, and Colonel Fowley, and were preceded by a

company of marines.

THE SUMMER PALACE.

To depict all the splendors before our astonished eves, T should need

to dissolve specimens of all known precious stones in li(iuid gold for

ink, and to dip into it a diamond pen tipped with the fantasies of

an oriental poet.

What struck me at first was this: Although built in a pure and ele-

gant Chinese style, the summer palace furnished in its arrangement,

its architecture, and even in certain of its details, singular remmis-

cences of the palace at Versailles, modified by the peculiarities of all

Chinese constructions, which are never more than one story in height

havino- only a ground floor, without attics or mansard wukIows, with

nothing to'separate the roof from the rooms on the ground Hoor. I his

distant resemblance is not inexplicable.

The Jesuits, who plaved so important a part in China, who gave to

it veritable Richelieus and Mazarins; the Jesuits, who remained ... h.gh
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honor as somi-sovorcij^ns at Pekin until 1773, when their order was

suppressed l)y Clement XIV; the Jesuits, as clever in administration

as they are great in mathematics, who had in their order men having

all talents and knowinji" all sciences, were in some sort the architects of

the sunnner palace and the designers of the beautiful gardens.

At that epoch Louis XIV had sunk so manv millions in Versailles

that when he received di^tailed l)ills he ordered tluMU to be paid and

l)urn('d. ii()])ing to conceal from posterity as well as from himself his

royal folly. The echo of these splendors created by the (rrand Mon-
arch reverl)erate(l from country to country, transmitted by word of

mouth throughout the world, and tinally I'eai'hed the ears of the

Em|)eror of China.

The Son of Heaven found it stninge and ina])propi"iate that there

sliould be on the (Mirth a king who took the sacied emblem of the sun

and who allowed himself treasures which he. the true Son of Heaven,

had not secured. And what sort of a king^ A mei'e kinglet, a man
who go^'erned a ])altry handful of human Ix'ings, 25, (MM), ()()() souls, who
was con.se(|uently only one-thirteenth of his own importance. And in

this way. strange as the thing appears. \'ersailles gave birth, in some
measure, on another continent, to the richness and magniticence of

Yuenmingyuen. The palace was a long time in construction, and the

Jesuits were succeeded by other missionaries, as artistic as them-

selves, who had )>ut to endndlish the oiiginal plans. But this is history

enough; let us pi-oceed.

At the end of th(> Hrst court arose on thive granite steps an immense

hall, its naked walls unornamented save b}' a few inscriptions and hav-

ing no furniture but high-l)acked wooden benches. It was here that

his subjects awaited tlu' honor of approaching His Majesty. Behind

the hall on the same level stretches a second court, which separates it

from the audience chamber; this court is furnished with vases of old

porcelain four or five feet high, which serve to hold a ([uantity of little

trees, each queerer than the other. * * * Take, for example, an

oak. It is 200 years old; it does not resemble a young tree; on the

contrar}', it is an exact photographic reduction of a huge and venerable

oak of the forest, but it is only three feet high. It is a perfect dwarf,

and ])y the side of it is a group of six trees of different species, growing

a few inches apart, in a single vase, which are united at the height of

three feet into a single trunk, which branches out a little higher, pro-

ducing leaves impossible to classify—and observe—the Chinese are

not acquainted with grafting. These tricks are reproduced in all the

large pots in varying forms. Generations of learned men have devoted

their lives to the study of processes for cultivating these vegetable

monstrosities, and presently, continuing our visit, we shall find on the

shelves of ancient libraries the results of their studies, in well-labeled

volumes.
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Wc only gave a passing attention to the extravagant contents of these
porcehiin vases, of which the smallest would he worth 1()0,0()0 francs
in Druot's auction rooms, and we went straight into the first audience
room, which opened before us.

This hall forms one side of a quadrangle of buildings, in the inidst
of which is a garden and fountains; to the right and to the left are
two other halls of audience and of ceremonies, and at the far end of
the quadrangle the throne room.

In the three halls first traversed we found most extraordinar}^ treas-

ures. We must bear in mind that the Emperor preserved in these
palaces—transformed into a nmseum, or rather into a warehouse of
riches—the most exquisite products of many generations of 400, 000, 000
human beings, of which he is the demigod, as well as all the tributes

paid him by foreign nations, all the presents which fear or admiration
had drawn from the great as well as the humble, all which had 1)cen

confiscated from his rebellious subjects. We must bear in mind that

in this immense Empire not a superior Avork of art was produced which

did not naturall}' drift toward the Emperor, and not a treasure was

discovered that did not fall into his hands of its own accord.

There were gathered all the wealth in precious stones and fine fabrics

presented b}^ tributary princes, and all that the kings and emperors

of Europe had sent to Hien-Fong and his predecessors, all the l>ric-a-

brac and curiosities, as well as all the goods which the simple-minded

merchant, wishing to obtain rights in a port, subtracted from his cargo

to propitiate the sovereign. Everything was preserved with care and

equally honored, from a cloth of gold ornamented with pearls, which

had come, perhaps, from the Sublime Porte, vq3 to a doll that cried

'•papa" and *' mamma," which a Marseilles captain had taken from his

little daughter at Christmas and carried to China to "grease the palm"

of the chief mandarin.

This multitude of treasures had overflowed the private apartments

of the soveizeign and his wives and spread itself into these immense

cathedral halls. The spectacle was at once extraordinary and daz-

zling—dazzling from the richness of the articles, extraordinary from

their number and variety.

At length we reached the throne room, placed on a platform ap-

proached by seven steps of beautiful granite polished like a mirror.

It is completely separated from surrounding buildings. Its raised

roof, extending at least three feet beyond the granite steps, is supported

by two rows of ironwood columns, most artistically engraved, and

resembles those bamboos or engraved ivories which we in Europe use

for tobacco jars or match boxes, but swollen to gigantic proportions.

No two pillars were alike, and the scenes which were engraved m

spirals around their shafts, as on the column in the Place Vonclome,

were borrowed in part from national history, in part from legends,

in part from celebrated romances and mythology.

SM 1000 43
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The one against which I leaned. i\w only one of which I have a dis-

tinct recollection, pictured the life of the god of wine, whose skull is

as high as the rest of his body. He is traveling, peacefully seated

upon a l)urtal(). with a curved stick in his hand, and before reaching

the top of the pillar he must pass precipices, enchanting landscapes

and ctn'crns where monsters lie in wait, and finally go under a tri-

uniplial arch surrounded by pretty women. It is a lively sort of a

journey for the good deity and a s3"mbol of the imaginary \-oyages

which his followers make after too copious libations in his honor.

On the shafts of these columns all the surface of the wood not

removed l)y chisels is covered with lacquer of dazzling colors; on the

ca})itals the im])(MMal dragon twists and rolls himself into all possible

shapes, holding in his claws escutcheons covered with mottoes.

From these columns, where our gaze has been agreeably arrested, it

ascends to the roof, and there it meets a magnificent spectacle. The
roof is covered with those shining yellow tiles made in the little vil-

lage where we spent last night, the ridges and the eaves being of green

tiles as brilliant as the yellow ones, pi'oducing an elegant and majestic

combination of colors. At the four low'er angles of the roof immense

dragons of green faience are crouching, inestimable products of the

city of llangtchoufou; the enormous beasts appear to be clim])ing

up the ridges of the roof; they gaze at each other in pairs, their jaws

open and their eyes staring.

Finally, at the two ends of the coping a maiine monster in green

and black faience springs at another monster facing him, and gajdy

raises heavenward a three-meter long tail, ending in a pinion which

serves as a colossal double crest to the whole building, and gives to it

a swaggering air, if one can apply such a word to a house.

In the sunlight, whose golden arrows are reflected in blinding

array from these brilliant and gaudy surfaces, throwing its sparks

into the eyeballs of the monsters, and its shadows into the aln'sses of

their gaping jaws, the super!) and magnificent l)uilding arises like an

enormously magnified jewel.

Everything is clean and clear and intact in this masterpiece, over

which the l)lue sky seems at the coming of night to close like a jewel

case with a ]>lue velvet lining. And the care of its preservation and

maintenance is carried so far that wherever a wandering ])ird might

place its tiny feet, it would find an invisible iron wire which would

remove his desire to rest there.

The throne room is entered b}'^ a great' opening without a door.

The interior might be seen from without were the view not inter-

cepted by a screen of teak wood, as big as the rood-screen of a cathe-

dral—carved, inlaid, cut out like lace, and representing gods, and

bounding men and horses—a room 160 yards long, 22 j^ards wide, and

17 yards high, such are its temple-like dimensions.
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The throne fuce.s the screen and is raised upon ten steps; it is a
mountain of cushions and silk mattresses, in a niche nearly 25 feet
wide, Itself cut out of an immense lattice-work wainscoting, like an
openwork alcove in the wood of the choir of one of our old cathedrals
The hall is well lighted throughout, for the windows arc close

together, and furnished with ventilators, shades, and blinds, permitting
the passage of refreshing air no matter what the position of the; sun.
On piers between the windows, frames of sculptured woodwork sur-
round pictured panels.

There is scarcely any furniture; behind the screen is a little altar fac-
ing the throne, on the right of the imperial seat a table and an armchair
of teak wood. On the table are a golden tray, some writing brushes,
a saucer of vermilion, and some paper on which is traced characters
in vermilion—it is the interrupted correspondence of His Majesty.
On the small altar rest two incense burners of jade, some porcelain
saucers, on which, in the absence of the Emperor, are placed fruits,

tea, and tiow^ers, offerings addressed to his spirit that in Chinese belief

is always present in these places.

On either side of the throne, in the corners of the hall, arc. two
doors, each leading to a kind of small saloon or orator}^; that on the

right communicating with the private apartments of the sovereign; it

is called the Tien—heaven.

The walls, the ceilings, the dressing tables, the chairs, the foot-

stools are all in gold, studded with gems. Rows of small gods in

massy gold are carved with such wonderful skill that their artistic

value is far beyond their intrinsic worth.

There, on supports of jade, are two pagodas of enameled gold, as

large as corn bins, with seven superposed roofs, and from each pear-

shaped pearls hang like so man}^ bells. In among the gods are Euro-

pean clocks of every description. Two of them are of the beautiful

Louis XVI style and are models of good taste, beauty, and fine Avork-

manship; alongside are more incense burners, torches, candlesticks,

golden boxes, snutiboxes embellished with precious stones, and enam-

eled miniaturcvs, a jeweler's fevered dream.

In the other oratory to the left, which resembles the interior of a

monstrance, are gathered all the articles for the daily use of the '\Son

of Heaven," when occupying the throne room; his tea ser^-ice, his

cups; his pipes—the bowl of gold or silver—the long tubes enriched

with coral, jade, rubies, sapphires, and little tufts of many colored

silk; his ceremonial chaplets of rows of pearls as large as nuts, which

are spread across his august breast, though their whiteness is not

quite perfect. Here are his speaking trumpets of silver gilt, used

at times to swell his voice to thunder tones for the benefit of his pros-

trate subjects. On wall cabinets are a great many little silver blades,

with rounded ends, nearly half an inch thick, two inches wide and
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ei^ht long, looking a good deal like our thermometers; these bear

engraved characters, the chiseled lines being tilled with gold. Eti-

quette requires you not to speak to the sovereign, not to even lift

your eyes to his sacred person. If, however, he should ask *•' What
time is itT' how can you reply without speaking or looking at him?

With bowed head one of the silver tablets on which is inscribed the

particular passing minute is presented to him; he glances at it and

learns what he needs to know. It is verj'^ ingenious, but for my part

I should prefer a good watch.

I shall not attempt to portray the wonder and admiration of the

"barbarians" who penetrated into thes(> pnu-incts. Invohnitarily we
spoke in low tones, and began to walk on tiptoe on seeing before us

such a profusion of riches for the possession of which mortals light and

die, and which their owner had al)andoned in his flight as inditlci-ently

as a citizen closes the door of his house, leaving his niahogan}- bureau

ex])osod to the chances of war. All was so natural, so familiar, so

conunonplace to him that h«> did not even try to save these treasiu'es.

Behind the throne room, stretched over an immense space, in the

midst of gardens, are the j)rivate apartnuMits, likewise crowded with

objects of luxury and l)eauty. but on the whole less extraordinary, for

between the sleeping room of an emperor and that of a private person

there is less ditl'erence than ])etween a throne room and a ])arlor.

In the rooms of the P^mpress, the walls of the clos(>ts of the secre-

taries are furnished from top to bottom with i)igeonholes, in which,

o!ie a))()ve another, like files of lawyers' briefs, arc r(>(l l)oxes of old lac-

quer of Pekin, wonderfully engraved in intaglio, containing ornaments,

necklaces, and bracelets in pearls, in jade, in precious stones, tiny rings

for fiMuininc lingers, and huge ones of jade, worn ))y men when they

draw the strings of their bows.

Boxes not holding ornaments already mounted, are crowded with

artistic objects, with materials to })e transformed into jewels, with

unique specimens of transparent jade, of rock crj'stal, of milky jade,

of moss agates, of uncut diamonds, of precious stones still in their

natural state; tea services, cups, saucers, a regular bazaar—not one

where ever3'thing is quoted at 19 cent«—but rather a l)azaar where

ever3^thing is worth 19,000 francs. On opening one of these boxes,

it appeared to send out sparks and sheaves of light.

Beyond, great wardrobes of old lacquer set into the walls of tlie

room contain the garments of the Empress, both those for daily

use and for ceremonious occasions. There was enough to dress, from

head to foot, 10,000 princesses from the "Arabian Nights," so that it

would be impossible for the Caliph of Bagdad, a judge in such matters,

to find occasion for changing the position of a single pin or to alter

their arrangement. All is of silk, satin, damask, fur, with embroid-

eries sometimes as delicate as spiders' webs, sometimes as heavy as
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tlioso on ])isliops' cope.s; it is a brilliant display of })ir(ls. l.utterflies
and Howcrs fresluT than those in the sun, Avith\liain<.n<I dcwdrops in
their perfumed calixes.

Here and there footstools of strange shape allow the ladies-in-waiting
to reaeh the high shelves where the toilets are, and offer nest-like
cushions to their little crippled feet.

His Imperial Majesty, as everj^one knows, does not content himself
with a single wife. He has concubines, whose quarters are opposite
his private apartments. These ladies, into whose rooms we throw a
passing glance, our powers of attention being already wearied, are
apparently almost as well cared for as their sovereign, and drink their
tea from cups almost as precious as his own. When the Son of
Heaven takes a cup of tea here he must perceive no difference.

At last w^e have finished with this endless fairy story and find our-

selves face to face with nature, with fountains, and with foliage.

What a magnificent park! It is immense, with high walls extending
about eight and a half miles around it. Those who designed it took
special pains to arrange picturesque views, giving impressions which
were sometimes gentle and tender, sometimes savage and theatrical;

and the}" succeeded.

But they assisted nature ])y architectural effects also, and this park of

Yuenmingyuen (literally "residence of the original splendor") con-

tains a little of everything—isolated palaces, temples, pavilions, pago-

das, pyramids, porticoes, colonnades, artificial mountains, grottoes,

lakes, rivulets, islands, groves, labyrinths, observatories, and kiosks.

The artificial rock work, so fashionable among us a few years ago in

Paris gardens, is here—immense, striking, monumental, and unicjue.

Here, for instance, is a mountain built up of rocks; in niches cut in

its sides are images of all sorts of infernal divinities, who grin and

squirm in the midst of unheard of vegetation. It dominates the entire

park, its summit is crowned by a little pagoda, about 25 feet by 20,

surmounted with roofs entirely of white porcelain, decorated with

stars; it is dedicated to the Chinese Virgin; Koua Him, who, from tiiis

culminating point, seems to extend her protection over all the i)alaces

lying at her feet. She is represented l)y a statuette of gilded ))ronze,

seated in the midst of a lotus flower; on each side watches a fully armed

warrior; these two sentinels are engaged in hideous contortions and in

making horrible faces.

On the right of this artificial mountain, following a labyrinth whose

tortuous paths easily lead one astray in a space of 50 square yards,

rises a large building; it is the imperial library. Its roof, with yellow

tiles, resembles that of the throne room, and like it is peopled with a

menagerie of black faience dragons chasing other chimerical monsters.

The hall, 40 feet high, 30 wide, and 120 long, has its walls lined with

cases in which are most curious and ancient manuscripts. In the hall
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aro tal)los and annchairs for studious visitors, and two small altars, ono

to the north and the othor to the south, on \vtiich are still slowly

burning perfume incense sticks in honor of Confucius and of Lao-

Tzeu, whose portraits are reproduced on large silken banners suspended

here and there.

Here are the grottoes, deep, crooked, and full of statues of gods

and animals; some have the entrance curtained l)y hanging vines; in

others a crystal cascade falls from an upper basin and loses itself nuir-

muring through the turf. Here are the lakes; in the center of the

largest is a small palace, which we have neither the time nor courage

to visit, but which 1 l)eg the reader to keep in mind; he will soon learn

why. This palace, built on an island, whose heaped-up soil scarcely

rises a])Ove the surrounding water, seems to emerge from the Itottom

of the lake.

On the border of the lake, to the left, is a large building of carved

and precious woods, entirely smothered under the vines twining around

it, clim))ing its top, and winding in tlt)wery j)lumes a})out the tails of

dragons scaling its roof. It is a coach house, and contains the carriages

of gilded and carved wood, with doors covered with Vernis Martin,

interiors lined with (irenoa velvet, great carriage lamps of chiseled

silver, with thick and heavy cloths like women's dresses at the court

of Louis XIV. and ornamented with pendants of gold and of silk

—

which had been sent to the Eniperor of China by George III, thi-ough

Lord Macartney, at the end of the preceding century. In this memor-
able embassy, the English, with the object of serving the interests of

the East India Company, consented to pay tribute to the Emperor of

China. These carriages, their magniticent trappings stretched on

wooden horses, were never used; they were covered with dust and

could not have been often seen.

Alongside of the stable was the landing place of the imperial pleas-

ure boats, its roof of 3'ellow tiles extended above the lake. There was

the bark of His Majesty, one for the P^mpress, others for roj^al princes,

and still others for high mandarins. There was the fishing boat of

the Emperor, gilded and lacquered, and still furnished with his para-

phernalia. "Within this the Son of Heaven gave himself up to iishing

among the inninncral)le varieties of iish which the Chinese tish breed-

ers, foremost in the world, had created for him, l)ut he can not have

abused this sport, for the tish appeared to us to be quite tame, and as

they had no patriotic spirit, the}" came to the edge of the lake to gaze

at the barbarians and shamelessly ate their bread. There are gold-lishes

a foot long, whose name alone describes them. Here are redfish,

cousins to those that people the basins in the Tuileries, and here are

little marine monsters, all head, with eyes as large as those of a man;

while others resemble the sea-horse, a fish venerated by the Chinese

under the name of water dragon; to us they are hideous, but to them

beautiful.
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A little farther on rises a tower, an exact reproduction of the famous
porcelain tower of Nankin, its numerous roofs niarkin<.- as nianv
stories. To reach it one has to pass in front of a pagoda huUt in honor
of Buddha; and the statue of the god seated on a low pedestal, his
legs crossed in Turkish or Chinese style, is not less than 05 feet high,
while a staircase which runs along the interior wall of the pagoda
permits climbing to the level of his head of frizzled hair, his k'lees
being reached at the first story, his navel at the second, and so on.
This very ancient statue is of gilded bronze, but time has impaired
the gilding; the half-closed eyes of the god are of silver, their pupils
of iron; from one knee to the other at the base the statue measures
45 feet. Two gigantic incense burners and one altar ai-e in this

pagoda, which has been constructed solely as a shelter to the statue.

Our presentation to this enormous gentleman terminated our visit

to the summer palace. It had lasted several hours. Wo returned
worn-out, exhausted, our eyes burning from the sight of all this gold
and this splendor, with aching heads.

The general in chief placed sentinels at all the entrances to pre-

vent anyone from penetrating the palace before the arrival of our

allies, and he assigned two captains of artillerv, MM. Schelcher and
de Brives, to see that the order was strictly carried out.

To add to the effect of our signal guns. Brigadier Battle had sent

numerous troops of cavalr^^ in every direction, who linalh'^ met (ren-

eral Grant with his army and brought them in at noon. On his

arrival General Grant went into the palace and saw with his own eyes

that everything was intact.

PILLA(4E OF THE SUMMER PALACE.

1 reach here a delicate point in the history of the campaign in China,

an episode of which the whole truth has never been told. I will relate

this episode with absolute frankness; at least. I will trv to do so.

The summer palace was pillaged and partially t)urned. Who is

responsible for this pillage and burning? Could they have been

avoided? Was this pillage contrary to the laws of war^ Wlio prof-

ited by it? Did either one of the allies take advantage of the others

Here are plenty of questions, I simply state the facts and briefly dis-

cuss them, and after having read this chapter the reader may answer

them himself.

The generals had decided in concert that a committee of six, three

from each nation, should be named and appointed to select the most

precious objects, considered in their intrinsic and artistic value, st> as

to have an equal division. The commission immediately commenced

its labors, and the removal of the most valuable articles, at least those

apparently so, was systematically begun, and the first examination of

the palace led to the discovery of treasure valued at al)out 800,000
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francs in .snuiU ino-ots of o-okl and silver. This sum was divided

between the two armies and, when subdivided exactly, it formed for

each man a prize of a})Out 80 francs.

It was nearly in the middle of the afternoon and the s(Mitinels had

been continualh' on guard, gun in hand, l^efore the palace within which

the commission was working. Every few minutes soldiers marched

out laden with bri('-a-))r!U' which excited the admiration of the troops

gathered ))efore the sentinels. After laying down their burdens these

soldiers returned and showed their passes.

In the midst of the troops of all soi'ts wdio took part in this first

move, French infantry. Englishmen, unmounted cavalry, artiller}'-

men. Queen's dragoons. Sikhs. Arabs, Chinese coolies, all mixed

together, a rumor circulated and spread, repeated in all the idioms

represented by the crowds assembled there, w ith their eager eyes and

their mouths dry with desire. They said, "When most has been

carried out we shall enter and have our turn; why the devil should

we not have at least our own slice oil' the cake^ We have come far

enough. Isn't that so^' And they laughed and nudged each other.

A little disorder had already begun.

General Montaubaii, who began to feel anxious, was walking a])Out

at the other side of the square, leaning on a green bamboo which

replaced the walking stick that he lost in the panic of the night before,

but things had not reached such a pass as to require interference.

Suddenly a trumpet call resounded, a company was called to arms.

What could it be^ A veiy simple thing; the Chinese of Haitien had

entered the park by scaling the walls, and it became necessary to pro-

tect the treasures which were just being explored.

"It is too bad," said the troopers; ""these Chinese are going to grab

everything. We must see about that."

The peasants of the neigh])orhood and common people of Haitien

were slipping up to the walls of the park; they fraternized with our

coolies and chatted with them. Our coolies had ladders which they

placed against the walls and, like a great crowd of sparrows, the black-

headed pillagers tilled the avenues and ran toward the palace.

It became necessary to disperse them and for this purpose a com-

pany was called to arms. It had not yet asseml)led wdien a second

trumpet call was heard; this was for another purpose; it called for

soldiers without arms, equipped as a tire brigade, for partial attempts

at tiring had already begun.

In China when a tire breaks out, before thinking of protection from

the flames, it becomes necessary to seek protection from thieves who
arrive at the points threatened quicker than the firemen, and the

result is that the habitual robbers who profit by fires know how to

start them and consider the fire as a necessary ally, and an element

indispensable to a good stroke of business.
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Consequently, the Chinese of Haitien and our <•ooli(^s liad hrouc^ht
torches and l)undles of straw—in fact, everything- that was needed" to
burn a paUxce—and had immediately undertaken to exercise their
special industry.

The trooper, on hearino^ these facts, which reached him majrnified
and exag-o-erated, felt his anxiety give place to anger; awhile ago he
thought, "These Chinese will cabbage ever^^thing;" now he added,
'•''The rascals are going to burn everything."

Irresistiljle pressure at the guarded gates carried away the sentinels,

the crowd rushed in, together with the company under arms and the
workmen who had been summoned; and immediately each one laid

hold of that which best suited him and carried it off. From the very
.first moment I noticed the characteristics of the two allied nations:

the Frenchmen went each for himself; the Englishmen, more method-
ical in their ways, had instantly comprehended the business in hand
and sj^stematized the pillage.

The}' arrived in squads, like gangs of workmen, with men carrying

large sacks and connnanded by noncommissioned officers, who brought

with them, strange as it may seem, touchstones. I do not know where

in the world they found them, but I can state that they possessed this

primitive jeweler's tool.

Englishmen, Frenchmen, officers, and soldiers had entered the palace

with the inhabitants of Haitien, with our coolies, who fiercely hated

the northern Chinese—pellmell with the crowds of parasites who fol-

low armies like crows, dogs, and jackals.

To ask our men to let this human torrent flow bj^ them while they

stood still Avas asking something beyond human power. They were

like the dog in the fable carrying the dinner of his master, who ))egan

by defending it, but when he saw another had got a bite he seized

his own share. Our men entered like them and along with them.

What could the General or his officers do? Absolutely nothing. If

they had tried to stem the torrent they would have been swept away

by the rush; they would have compromised their influence and reputa-

tion, and with it the future of the expedition. With us, as witii the

English, the generals had only one thing to do, to shut their eyes.

It was one of those psychological moments in military life whim, as

Count von Bismarck said later, the artificial regulations which serve

to bind nations as well as armies disappear, leaving primitive human

nature in all its crudity and absolute surrender to its free instincts.

Such moments occur at two points in the history of armies—in over-

whelming defeat and in supreme victory; and at such times there are

no longer regulations or authority. Men become purely selfish, either

in the depression of a disaster or in the intoxication of triumph.

Under these conditions the commanders must be prudent and patient,

they must stand by and wait until the fear of defeat or the fatigue of
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victory Itriiiys once more uroiuid them their liiiman Hock, who iire .soon

dismayed at not feeliuo- upon forehead and shoulders tlie accustomed

yoke, and will come of their own accord to take it up again.

Montauban, with all his energy, coukl no more have prevented his

troops from passing through the great gate of the summer palace, than

Napoleon, with the prestige of a demigod, could have stopped his armies

tlying from the Held of Waterloo; accordingly he remained in his tent,

equally abandoned by his men. while General Grant remained in his

own, and both did right.

Lord! I do not wish to make myself out better than I am. 1 never

set up for an angel for fear 1 should pass for a fool, and 1 admit thatl

could have taken my share of the treasures of the Son of Heaven with-

out any scruples. 1 even think that I might have stuffed my pockets

a little fuller than most of my comrades, because I had an advantage

over them in a more perfect knowledge of the xalue of the articles

and in the habit of a collector, which would have assisted me in choos-

ing the most precious and the least cumbersome. It was self-interest

that held me l)ack; for living in close relations with the (General, eating

with him, leaving him scarcely more than did his shadow, I could not

hope by any device to hidc^ from him my booty. Besides, I saw that he

was distressed at what was taking })lace. and I did not wish to increase

his displeasure. And why didn't I wish to give him troubled In the

tirst place, because 1 loved him; but, secondarily. I»ecause I knew that

there was destined for me in his hands a little thing, m}' cross of the

Legion of Honor, which had been promised me. Now to have the

cross at twenty seemed to me something that 1 would have gone

through the tire for. As to the riches of the summer palace and its

golden pagodas and diamonds, the Kmpeioi- might ha\e them, the

others might take them.

Oh, youth! Oh, brave da3's when 1 was twenty! Oh, illusions!

Oh, dreams! How good it all is, even when you are fooled by it!

I was simply an onlooker, a disinterested but curious spectator, and

I enjoyed this strange, luiforgetable vision. There was this ant-heap

of men of every color, of every race, this entanglement of individuals

from every nation on the earth, swarming on this mound of riches,

hurrahing in all the languages of the globe, hurr3'ing, struggling,

stumbling, falling, picking themselves up, swearing, cursing, exclaim-

ing, while each carried off something. I say it looked like an ant-

heap, crushed under one's foot, where the terrified workers 11}' in every

direction, one with a grain of wheat, another with a bug, another with

an egg. There were troopers, their heads buried in the boxes of red

lacquer belonging to the Empress; others, half smothered in the folds

of brocades and of pieces of silk; still others, who had placed rubies,

sapphires, pearls, and rock crystals in their pockets, in their hats, in

their cloaks, and who hung around their necks strings of great pearls.
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Others carried off clocks and dials in their arms. The sappers of
the engineers had brought their axes and broke up the fui-niture to
secure the precious stones with which they were incrusted. There
was one smashing a lovely Louis XV clock to secure the face, on
which the hours Avere marked with crystal figures, which he mistook
for diamonds. Now and again the cry "fire" was heard. Everyliody
rushed out, letting everything fall, and extinguished the fire, which
was already licking the precious wall, by heaping on it silks and dam-
ascenes and furs. It was like the dream of a hashish eater.

And when, after passing through the apartments given over to pil-

lage, I emerged in the park, the spectacle of nature in its eternal tran-

quillity made me shudder on coming from this furnace, like a cold

plunge as we step from a Turkish bath. Here and there in the park

were groups running toward the palaces, the pagodas, and the libraries.

Alas!

But the great lake was silent, deserted; its aquatic palace and its row

of gondolas abandoned.

"I am e'oino- to see what there is in there," said I to mvself, looking

at the island. I jumped disrespectfully into the imperial gondola,

lacquered on the exterior, and lined in the interior with A^ellow silk,

like a glove box, and I set myself to sculling energetically toward the

palace, which 1 shall not describe, first, because it was exactly like all

the others I had seen, and, secondly, because the reader must be wearied

with descriptions already.

I leaped ashore, fastened my boat to a carved post, and, mounting

three steps of white marble, I entered the principal room, entirely

surrounded by sofas made of large cushions covered with yellow

damask and resembling Turkish divans.

1 inhaled the air, which smelled very sweet, too sweet to ha\e been

subjected solely to the breeze from the lake for two entire days. With

my hand on my saber I listened, for I thought I heard half-smothered

sighs. I examined the yellow cushions, and they had suspicious humps.

I kicked one off; a sharp ciy rang out, and a woman suddenly appeared,

crouching on the ground like a little rabbit, costumed in those delicate

and costly hand-embroidered silks that are made for ladies of high

rank. She stood at the foot of the bed, prostrating herself, bowing

until her forehead touched the earth, showing only her black hair,

secured bv golden hairpins.

If you have never seen a man in an embarrassing position, imagine

me, standing up there, my hand on my sword, and this woman at my

feet.
. ,

. . .^u^

To induce her to rise. I contented myself with saying in Chinese,

^'Have no fear; I will do you no harm." She rose on her two little

feet, a lovely creature, twenty years of age, dressed like an empress^

As no cry from the pretty child had as yet indicated that she teared
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for her life, the humps of the other luattresse.s beoan to increiise in

size. Heads of women began to appear, and little ])y little theii"

bodies, and a small crowd surrounded me, beating- the matting with

their pretty foreheads. There were twent}' -seven women.
I had lit upon the harem, or at least a portion of the harem, of His

Majesty. Oriental people are accustomed to construct the apartments

of the women on islands; and here 1 was with twenty-scACMi women
on nn" hands, and so beside themselves that when one emitted a sigh

or a groan all the rest fell to the ground, supposing that another bar-

barian had arrived, and wishing to show him the same marks of

respect, of fear, and of submission.

I had a great deal of trouble to soothe them, and to prevent them

from surtocating themselves. They had had, 1 may venture to sa}',

the good luck to fall into the hands of a gentleman, but it was not to

be supjx>sed that during the night and the day following they could

escape the investigiitions of our soldiers who were still occupied in

the interior of the palace, but who would not fail to emerge and rob

in e\ery directiou us soon as the })rinci})al buildings had been sacked.

The island wouJd hm'fi been a mouse trap for th(Mn. I decided to ask

them if they would hnive .and seek safety in flight, no matter Avhere.

"Yes, yes. yes," they uU cried.

And then down they went again, forchc^uls on the ground, as if

they wished to salute the matting.

T took nine of them and made them sit down in the imperial gon-

(fttiik). which would carry no more, for the water trickled over its sides.

1 ilAt^gcnl them to k(M>p still, and 1 puslied my l)oat into the lake, not

in the direction of the landing place, ))ut straight for the stable con-

taining the carriages already described, the roof of which hid us from

the summer palace, and consequently prevented those who tilled it, and

were otherwise nmch occupied, from trou))ling themselves about us.

I led the women into the stable, and I piled them on the dusty cush-

ions of King George's carriages, which for the first time were rendei'-

ing some service to the Emperor of China. 1 cautioned them to keep

istill, and returned for a second load of nine women, and afterwards

for a third. On this last trip, while steadily sculling. I commenced to

:ask myself what I should do with them all, and if I should not have

better left them to their chances rather than to bring them out per-

haps into imminent danger, for I did not know how far the French, the

lEnglish, the Hindus, and the Arabs could be trusted.

Just as I landed and drove the last convoy into the stable, I saw

'quietly installed in one of the immense carriages, filled with the women,
a trooper, a sergeant of the line, before whom all their terrors had

returned.

" What are you doing there, comrade?" said I.

*' What are 3'^ou doing yourself?

"
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I gave free vent to my wrath.

"I am the secretary of thegeneraJ in chief, and if you move an
inch, or if you touch one of these women with the end of your Hnger,
I will break your head! If you are not satisfied I will liecrin imw'
Clear out!"

"You ought to have told me at once that you were the General's
secretary," replied the sergeant, leaping from the royal carriage.
The trooper had a pleasant mien, a blue eye, light hair, wcU-triunned

head, an air of discipline, and was not ugly in his bearing.
My title of secretary to the general in chief had produced a magical

effect. I regretted having threatened him with it, and stretched out
my hand to him, saying:

"I beg your pardon, comrade, but you know I have instructions.

Orders! Orders!"

"I understand perfectly," he said, with the air of a man who does
not understand anything. "We are to save these individuals."

'' They are the wives of the Emperor," said I, raising my hands with

an appropriate expression.

"The devil! Can I be of an}^ assistance to j^ou^'

"Yes; help me to get them out of this park."

"Where shall we take them to?"

As I had absolutely no plan, 1 answered peremptorily, "'We shall

see."

"I was about to propose, if you please, that we should take them

to a Christian, who lives near by at Haitien. I got acquainted with

him this morning, because he came to see the paymaster, who is my
friend and countryman, and we went together to take tea with him.

He is a fine fellow."

"Let us go to 3^our Christian, my friend, but Orders! Orders!"

"All right."

On our left, near the carriage house, a park gate opened into the

country. There we led the women. They hobbled along on their little

nuitilated feet like birds from which the large feathers of their wings

had been clipped. Most of them had covered their })rilliant toilets

with long, loose wrappers, so as to look like peasant women, but

through the slits of the gowns escaped the billows of silk, and little

slippers of red satin peeped out like doves' bills from these sumptuous

parcels. It w as charming, on the green grass they seemed to me like

a cluster of living flowers.

THE NIGHT IN CAMP.

When I returned to the camp night was falling. The men (-ame

back loaded with booty, bearing the most heterogeneous collection of

articles, from silver saucepans to astronomical telescopes and sextants—

a prodigious mass of material which they certainly could never carry

home.
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The English camp tilled up in the same wuj, but there everything

was carried on in perfect order. In our camp the soldiers were mas-

querading. The artillerymen arrived enveloped in the garments of the

Empress, their breasts decorated with the collars of mandarins. Over
there the articles had been placed in piles in each tent, and they had

already begun to sell them at ])ublic auction.

Just here I must relate a little anecdote. One of our spies, my
orderly Mohammed, was extremely attached to me, both through

affection and 1)y interest.

"'"You are the friend of the General," he often said to me. "You
])ut words into his mouth; you must get me a medal."

When he returned from the sununer palace he brought a double

handful of pearls.

"These are for you," he said to mo, simply.

And thus it happened that I, to please the General and to secure the

cross of honor, had seized nothing, while my spy, to give me pleasure

and to secure a medal, had i)lundered on mj'^ behalf; the same motive

had inspired both of us to quite contrary acts.

''Thanks, my lad," said T to him, "keep all that yourself; it is prob-

ably worth a great deal."

"What will you take for your pearls^*" said one of my comrades,

who stood ])y.

"(tIvc me a bottle of brandy."'

"Agreed,"

And Mahommed gave him his pearls.

A bottle of brandy in the camp at Yuenmingvuen was sold to us by

the sutl(»rs for loO francs. After the expedition to China was over the

pearls were sold for 85,000 francs.

I notice here another curious thing, and oni^ Avhich ten years later

was contirnicd by the soldiers of Empeitjr William.

Nothing tempts soldiers like clocks and other objects containing

mechanism. Now, the Chinese, like all oriental people, and like all

people with whom machinery is still in a rudimentary stage, greatly

admire miH'hanical articles, especially of the anuising kind. P'rom

time immemorial our sovereigns and officers of customs have turned

this mania to good account, and have sent or taken to them all the

curious inventions of opticians, of toy makers, and of manufacturers

of automatons. It w^ill never be known how man}- musical boxes, toy

organs, clocks with complicated chimes, alarm clocks, rabbits with

tambourines, panoramas, clocks turning windmills, crowing cocks,

climbing monkeys, singing birds in brass cages standing on pedestals

which are wound bj' turning a key, mechanical flute players, monkey
violinists, trumpeters, players on the clarionet, and even whole orches-

tras of monkeys seated on an organ, little tight-i'ope dancers, waltzers,

and so on, were found in the summer palace. The rooms of the

Empress and of the women were literally overflowing with them.
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Part of our soldiers were wide-awake and part were but ovororown
children; the latter in the majority. The clever ones had supplied
themselves with jewels, the coined money, and the dollars, bonbon-
nieres, snuffboxes, dishes of gold, and collars of pearls. The others
had been principally tempted in the midst of unheard-of riches by
these mechanical toys of European origin, all of which had been most
g-enerously left them by the Englishmen.

Therefore, the second night that we passed near the summer palace
was exciting, insensate, head-splitting. Each trooper had his bird, his
music box, his monkey, his clock, his trumpeter, or his rabbit. The
clocks struck continuously, in every tone, at all hours, now and then
accompanied by the sad snap of a spring broken by inexperienced
hands. Multitudes of rabbits playing on their tambourines formed a
bass, accompanied by the cymbals of monkeys playing four thousand
waltzes and quadrilles, together with as many music boxes, which
dominated the cuckoo clocks, the sweet notes of the flute, the nasal

notes of the clarionets, the screeching of the cocks, the notes of horns
and cornets, as well as the heart" bursts of laughter coming from the

easily amused crowd.

It was a nightmare.

At sunrise the plimderi ng began again. In front of the tent of the

general had been placed one of the two pagodas of massive gold found

in the Emperor's oratory; it was destined for Napoleon III. The
other had been secured by the English. On the top of this pagoda an

enormous diamond scintillated. It was guarded by two sentinels. It

had not stood there two hours before the great diamond had disap-

peared. It was never known who had taken it.

The pillage of the summer palace lasted two days. Toward the

close of the second day General Montauban, to stop it, adopted an

ingenious scheme. He walked into the midst of his soldiers, who were

disguised as mandarins and impeiial princesses, and said:

"Boys, leave all those things alone; you can't carry them off'.

And what would you do if Ave should encounter the enemy, and they

should beat us? Believe me, we are going to Pekin, and there will be

things enough there for everybody. You will see."

I heard him make this little speech to an artilleryman who, being

convinced, threw to the ground that which he was carrying in his

arms, tore off his fancy costume, and resumed his uniform.

The artillerymen, on this occasion, it must be admitted, liad tlie

largest share, "for they had the use of horses, caissons, and the wagons.

They made use of every corner of the caissons, and when they were

full they filled the buckets in which the rammers were plunged to

clean the cannon shot.

This little address of the General, however, with its pious fraud,

usually produced an effect, and nearly all the soldiers imitjited the

artilleryman.
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The sumuier palace was sacked for forty-eitrht hours. Now, I want,

in a philosophical parenthesis, to ask myself whether these acts, so

inn)ossi])lo to repress or prevent, were so extraordinary as to consti-

tute a novelt}'; were they consonant with international law; or were

they (iontrar}'^ to the laws of war ?

When two workmen fio-ht with knives, when two gentlonion face

each other on the tield with their swords, when two nations put them-

selves in battle array, with cannon and bayonets, the Avorkmen, the

gentlemen, and the nations obey a common instinct which causes man
to destroy his enemy in any way he can.

In the first case, however, the conqueror is inexorably condemned

as a murderer by the courts; in the second, he is scarcely punished,

and if he had refused the combat the same judg-es Avho would have

condemned him for having fought would Hud fault with him for shirk-

ing the encounter. In the third case the coni^uered is said to be an

unfortunate and estimable hero; the conqueror is crowned with laurel,

ap})luudcd l)y men, loved by women, and adored by the people.

Human life is then onl}' to be respected in certain circimistances,

and its destruction is reproh<>nsiblo only in certiiin cases, determined

by the judgment of the world.

The same rules apply to property. A man who takes a loaf of

bread from a baker's sho}) is a thief; the nation that take five thousand

million of francs from another country is a great nation. If 1, an

enthusiastic lover of objects of art, shoiUd take from the cabinets of

the Louvre a little Ijronze statuette, I should promptly be placed in

custody; l)ut if I should enter Italy at the head of an army and carry

otl' the treasures of the museums I would immediately be hailed

emperor of the French.

Hence we see that public and private property is considered in two

ditt'erent wa3's. It follows that in China we had the incontestable

right to seize and to carry oil' all the articles of great value ])elonging

to the nation—that is to say, to the Emperor—with whom we were at

war, just as the Germans had the right to take from us our millions;

as Bonapai'te had the right to seize in conquered Italy the works of

art. Consequently, the pillage of the summer palace was lawful, as

lawful as could well be, because it was accomplished in time of war.

The principle can not be disputed; the onl}' error committed was one

of detail; w^e did not simply pillage; we wasted and squandered, and

the latter is more blameworthy than the first.

In my opinion, this is how the thing should have been carried out if

it had been possible to control our men: All the riches of the palace,

as well as those of the palace of Pekin, should have been taken out

and packed up and divided between the two victorious nations; all

things suitable for a museum should have been set aside, the rest

should have been sold, and the proceeds devoted to cpmpensating the
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soldiers of the expedition, or to lightening the taxes and appropria-
tions; we should have imitated, in fact, that which the Prussians in
France, and before them. Napoleon, had carried out in Italy.

Had we proceeded in this systematic way, no one could have made
any objections, excepting philosophers, dreamers, and people who insist

upon comparing war to an assassination and its booty to the fruit of
robbery.

But this was not done, nor was it possible. I admit that my heart
bled on seeing, for instance, the space which separated the palace from
our camp covered with silks and precious fabrics trampled in the nmd

—

goods w^orth twenty millions; on seeing a soldier light his pipe or heat

his pot with a vellum of beautiful and unique manuscript; on seeing,

at our departure, magnificent timepieces, masterpieces of the watch-

maker's art, engraved ivories, thrown into the trodden paths over

which rolled the wheels of wagons and of caissons; on seeing the

lightl}^ built and magnificent edifices destroyed by ruthless fiamcs.

Speaking of carriages, here is a curious fact: On arriving at Hai-

tien the French arm}- had but a single wagon, belonging to the gen-

eral, carr3-ing his tent, dinner service, and cooking utensils; when the

army left they had unearthed such a number of well-loaded army

wagons that it took them an hour to pass by. The baggage wagons

of the English stretched out in an exceedingly long line, and the fan-

tastic procession covered at least two leagues of country.

Behind us followed the Chinese, still insatiate, carrying away the

poor remains of our plunder. The unlucky fellows could not carry

them into Paradise, as the saying is. After the expedition was over

the Tartar soldiers of the Emperor returned to Haitien; and houses

and fireplaces were closely searched, all of value was carried back to

the palace, and those who stole the precious objects perished by the

sword.

1 perceive that I have not made the most of one circumstance exten-

uating our excesses—the exasperation of our soldiers at the massacre

of many of their comrades who had been surprised and taken prisoners

at Tangtcheou.
.

.
•

At Yuenmingyuen, behind the throne room, was found the uniform

of Colonel Foulon de Grandchamp, his notebook, the saddle and

bridle of M. Ader, superintendent of hospitals, many articles which had

belonged to the English officers, and 15 complete uniforms of the

Sikhs. All these things had been brought to the Son of Heaven ni

order that he might gloat over these relics of the barbarians.

On discovering these proofs of the horrible fate of our brothers m

arms, the soldiers raised cries of rage. Had they encountered ton

palaces like that of Yuenmingyuen, they would have sacked them and

burned them with pleasure.

SM 1900 U
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Wc quitted the summer palace on the ninth—a cold, damp day. The

buildings containing the imperial apartments, the reception hall, and

the throne room were ruined, l)ut tlie ])alaces, pagodas, and library

were intact. We went on toward Pekin and had hardly marched an

hour when two English officers came to announce to the general that

the Chinese had sent five of our prisoners—M. de Lauture and four

soldiers—into their camp.

I was directed to follow the officers and bring our countrymen back,

and found them in a most dreadful condition—M. de Lauture particu-

larly. Mis height seemed to have shruidv by a foot. He was clothed

in the gown of some old Chinese woman, covered with nmd. His

hands were l»ound up into the form of an S. They had 1)een tied with

cords which sunk into the tlesh and which had been constantly wet,

when he complained, in order to cut in more. Besides which he

had been h<)i-ri))ly mutilated, and it was while he was sutTerlng this

martyrdom that Prince Kong, the brother of the Emperor with

whom we were treating, wrote to Baron Gros: "I have the honor

to inform your excellency that 1 have given orders that the interpre-

ter of 3'our noble FLmperor—M. d'Escayrac—should be treated with

respect, and that my intention, after having regulated in a pleasant

way with him everything relating to the signing of the convention,

shall be to return at once and in a proper manner your other compat-

riots." And there are people who still say that we acted in China

with a certain want of decorum!

The companions of M. de Lauture, with the orderlies of Captain

Chanoine and Subintendant Dubut, named liosel, Bachet, Genestet,

and Pelet, were separated from each other during their tortures and

they could oidy speak of what they had themselves seen. They were

ignorant of the fate of their martyred colleagues, but it was established

by the statements of the prisoners who were returned to the English

that the greater part were dead of their wounds.

Mr. Norman, the first secretary of the embassy of Lord Elgin, his

head opened with a saber cut and abandoned, tied hand and foot, died

with his brains destroyed b}^ the worms. Mr. Bowl by, the correspond-

ent of the TimcK^ was thrown from a window into the court, where he

was devoured by the pigs.

[A portion of tlie treatment of these peojile, as given })y our author, is too horrible

for quotation.]

I have already .said that nothing can give an idea of the Chinese

imaginations when torture is in question. Thus during this same

march on Pekin, and this same da}^, I saw some roving dogs disputing

bits of flesh which they were digging up with their paws and devour-

ing. We drove them away and found that their food was the remains

of five coolies from our own forces, whose numbers were recovered
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from the bits of their blouses. The Chinese had buried thein alive
upright, bound, but with the head alone exposed, and the dogs had
come and begun by licking their faces, then by biting, and then by
eating off their heads.

In a village 4 kilometers from the walls of Pekin, the European
prisoners were finally returned both to the English and to us. "We
are bringing them all back to you," said a little mandarin who pre-

ceded the carts, and we saw these specters in the coffins together,

for they had conscientiously returned to us the remains of those who
had succumbed to their tortures. All the coffins were opened and the

identity of the putrid remains was established. In all, the Chinese

had taken at Tangtcheou 26 of the English and returned 13 alive and

13 dead; they had taken 13 French and returned 6 alive and 7 dead.

[The Comte D'Herisson pursues this horrible subject further and gives ample evi-

dence of the truth of what he states. It is not necessary to quote here more than we
have done, but we may add that the allied forces decided after this to return and

destroy the summer palace, though, as has been said, the immense scene of plunder

we have described took place before these aggravating circumstances were known. ]





PROGRESS OF MEDICINE IN THE NINETEENTH CENTURY

By Dr. John S. Billings, U. S. A.
Director New York Public Library.

The word "medicine,'' as used in the title of this paper, includes
all branches of the art of prevention and treatment of disease and
injuries; all discoveries of methods of diminishing physical pain and
of prolonging- life, and also that part of modern science which is con-
cerned with accurate knowledge of the structure and functions, normal
and abnormal, of the human body, and of the causes of disease. In
other words, it includes not only therapeutics, medical and surgical,
but also physiology, pathology, and hygiene.

In all these branches of medicine greater progress has been made
during the last century than had been made during the previous two
thousand years. This progress has been largely due to improvements
in methods of investigation and diagnosis, resulting from increase of

knowledge in chemistry and physics; to better microscopes and new
instruments of precision; to experimental work in laboratories, and
to the application of scientific method and system in the observation

and recording of cases of disease and of the results of different modes
of treatment. The introduction of statistical methods in the study of

cases of disease and of causes of death; the discovery of general anes-

thetics; the adoption of antiseptic and aseptic methods in surgeiy,and

the development of modern bacteriology, each marks a point in the

history of medicine in the nineteenth century.

The scientific demonstration that some diseases are due to the growth

and development of certain specific micro-organisms in the human

body dates from about twenty years ago, although the theory of such

causal relation is much older. Since 1880 it has been proved that

anthrax, Asiatic cholera, cerebro-spinal meningitis, diphtheria, one

form of dysentery, erysipelas, glanders, gonorrhea, influenza, certain

epidemics of meat poisoning, pyaemia and suppuration in general, pneu-

monia, tetanus, relapsing fever, tuberculosis, bubonic plague, and

typhoid fever are due to minute vegetable organisms known as bacte-

ria; that malarial fevers, Texas cattle fever, and certain forms of dys-

entery are due to forms of microscopic animal organisms known as

1 Copyright, 1901, by New York Evening Post Company. Reprinted from the

Evening Post, January 12, 1901, by special permission of G. P. Putnams Sons.
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microzoa; and for most of these diseases the mode of development and

means of introduction of the micro-organism into the body are fairly-

well understood. To the information thus obtained we owe the

triumphs of antiseptic and aseptic surger}^ a great increase of pre-

cision in diagnosis, the use of specific antitoxin as remedies and as

preventives, and some of the best practical work in public h^^^giene.

The evidence as to the increased powers of medicine to give relief

from suffering and to prolong life is most clear and direct in the rec-

ords of modern surgery—particularly in some of its special branches.

In a large proportion of certain cases in which the surgeon now oper-

ates with a fair chance of success, such as calculus in the kidney or

gall bladder, shot wounds in the abdomen, and tumors of various

kinds, there was no hope in the year 1800, and the unhappv sufferer

could only expect a certain, though often a lingering and painful, death.

In cases of cancer of the face, tongue, breast, or uterus, the persistent

pain, extreme disfigurement, and offensive odors which attended them

made death a boon to be prayed for, if not deliberately sought,

while now such cases, if brought in time to the surgeon, can often be

entirel}" relieved. The knowledge of this fact has become general

with the public, and patients no longer defer an operation as long

as possible, as was their custom in days of old. Instead of having to

look forward to the torture of incisions, manipulations, and stitching,

with but small hope of surviving the exhausting suppuration and

blood poisoning which were such common results, the patient now
knows that he will inhale a little sweet vapor, and sleep unconscious of

the strokes of the surgeon's knife or the pricks of his needle. He may
dream wondrous dreams, but will soon awake to find himself in his bed

staring at his trained nurse standing by his side, and wondering vaguely

wh}" the operation has not begun. He does not have to look forward

to weeks and even months of daily dressings. The surgeon will

glance at his temperature record and at the outside of his bandages,

but will probably not touch them for a week; and when he does

remove them there will be nothing to be seen but a narrow red line

without a trace of suppuration. These improved methods not only

preserve the mother for her children, and the bread winner for the

family, but the}^ greatly contribute to the public good by shortening

the period of enforced idleness and unproductivitj' after operations.

Some of the greatest triumphs of modern surger}' are obtained in

cases of disease or injury of the abdominal organs. The removal

of ovarian and uterine tumors is now so common and successful that it

is not easy to realize that a hundred years ago there was practically

no help or hope for such cases. In former days the lists of deaths

contained many cases reported as inflammation or obstruction of the

bowels, or as peritonitis. It is now well understood that most of these

cases are due to disease of a little worm-like appendix connected with
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the hiro'c intestino on the rig'ht .side of the lower part of the alxlomen,

intiainination of which, known as appendicitis, cau.ses excrutiating- pain

and often produces internal abscesses and death. An operation for

the removal of such a diseased appendix is now common, and, in most

cases, successful. The operation for the removal of calculus or stone

from the urinary bladder dates from over two thousand five hundred

years ago, and no one knows who first performed it. Within the last

century it has been largely superseded b}^ an operation which crushes

the stone to powder within the bladder, and removes this powder with-

out the use of the knife. The removal of calculi from the kidney,

or from the gall bladder, and the removal of a diseased kidnev are new
operations, made possible ])y improved means of diagnosis, anesthesia,

and antisepsis. Wounds of the intestines were formerly thought to

be almost necessarily fatal, and nothing was done for them except to

stupef}" the patient with opium. Now, in such cases, the al)domen is

opened, the lacerations of the bowel are closed, the effused blood and

other matters are removed, and in man}^ cases life has thus ])een pre-

served.

By increase of knowledge of the anatomy of the brain, and of the

distri])ution of nerves connected with it. it has l)ecome possible in a

certain number of cases to determine what part of the l)rain is sufl'er-

ing from irritation or pressure, and to operate for the removal of the

tumor or other sul)stance causing the troul)le, with considerable hope

of giving permanent relief. A branch of surger}' wdiich has devel-

oped into an important specialty during the last century is that known
as plastic and orthopsedic surgery. The replacing of a lost nose by

engrafting other tissue in its place is a very old triumph of surgical

art, but operations of this kind have been greatly extended and per-

fected within the last hundred years, and much can now be done to

mitigate the deformity and weakness due to club feet, band}' legs,

contracted joints, etc., which formerly were considered to be beyond

remedy.

Many of the diseases peculiar to women have been deprived of much
of their terrors within a hundred years. In 1800 for every thousand

children born, from ten to twenty mothers died. Puerperal fever

occurred in epidemics, following certain physicians or nurses, but

nothing was known as to its causes or nature. To-day puerperal fever

is almost unknown in the hospitals or in the practice of a skilled ph}'-

sician. The death rate of mothers is less than five per thousand births,

and the mechanical obstructions which a century ago would have

almost certainly brought about the death of both mother and child

are now so dealt with that more than half of both mothers and children

are saved.

The study of the diseases of the eye has greatly developed another

specialty during the century, viz, ophthalmology. The investigations
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of Holmlioltz in ]ihysiologic!il optics, with his inv(Miti<)n of theophthal-

in()sco})0 ill 1.S52, eti'cctod ii revohitioii in this l)i';inch of nicdical science

jind art and have added greatly to human comfort and happiness. A
hundred yeai's ago, when the physician saw tlie eyelids of the new-

born habe redden and swell and yellow matter ooze from l)etween

them, he knew that in a few days or weeks the child would be partially

or wholly Idind. ))ut he knew nothing of the simple means ]>y which

the skilled physician can now prevent such a calamity. It is luifortu-

natelj' true that this knowledge is not even now sufficiently widely dif-

fused and that our blind asylums must, for some tune to come, continue

to receive those who have been deprived of sight during the first

months of their life through the ignorance or neglect of those who
should have properly cared for them.

While it is certain that the death rates in the last century were

greater than those of the present day, it is not possible to make pre-

cise comparisons. The record of deaths in the city of New York
begins with 1S04. and was necessarily very imperfect until the law of

1851. which recpiired the registration of all deaths; but it shows a

death rate of 30.2 per 1,<»0() in 1805, Avhich means that the true death

rate must have been between 35 and 40. At present, for a series of

five years, it would be about 20, having been below 19 in l81M),so that

the death rate has been diminished by at least one-third. How much
of this is due to impro\ed methods of treatment, and how nuich to

improved sanitary conditions, it is impossil)le to say. A comparison

of the list of causes of death in 1S05 with the list of causes for this

year shows great difi'erences. but luuch of this is due to changes in

name and to more accurate diagnosis.

"Malignant sore throat" and "-croup" were well known to anxious

parents in 1800, ))ut "diphtheria"' caused no anxiety. "Inflammation

of the bowels'" was connuon and fatal, but "appendicitis"" had not

been heard of. Nervous fever, continued fever, and low fever were on

the lists. l)ut not typhoid, which was not clearl}- distinguished as a

special form of disease until 1837, when Dr. Gerhard, an American

physician, pointed out the differences between it and typhus, which

also prevailed at the commenceiuent of the century.

One hundred years ago the great topic of discussion in our cities on

the North Atlantic coast was the means of preventing yellow fever,

which had been epidemic in New York and Philadelphia for two years.

Phj^sicians were disputing as to whether the disease was contagious

and imported, and therefore perhaps preventable by quarantine and

disinfection, or was due to some occult condition of the atmosphere

(which was the view taken b}' Noah Webster in his history of epidemic

and pestilential diseases, a work which appeared about the middle of

the year 1800, although it is dated 1798). The discussions remind one
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of the remark that a certain patented form of electric light was sur-
rounded by a cloud of nonluminous verbosity. For example, the com-
mittee of the Medical Society of the State of New York reported that
yellow fever may be produced in any country by pestilential effluvia;
and AYebster concluded that typhus and nervous fevers were due to
a "-conversion of the perspirable fluids of the body into septic mat-
ter "—all of which means that they knew nothing about it. Even now
we do not know the cause of yellow fever, or the precise mode of its

spread; but we are sufficiently certain that it is due to a specitic micro-
organism to be confident that its spread can ])e checked by isolation
and disinfection properly applied—and Memphis and New Orleans are
witnesses of the truth of this.

In the year 1800 the majority of persons over 20 years old were
more or less pitted by smallpox, being the survivors of a much greater
number who had suffered from this disease. Dr. Miller in New York
had just received from England a thread which had been steeped in

the newly discovered vaccine matter, and was about to begin vaccina-

tion in that city. To-da}^ there are many physicians who have never

seen a case of smallpox, and a face pitted with the marks of this

disease is rarely seen. During the century there have appeared in

civilized countries two strange and unfamiliar forms of epidemic

disease, namely, Asiatic cholera and the plague, the first coming from

the valley of the Ganges, the second from the valley of the Euphrates,

and each having a long history. A really new disease was the out-

break in Paris in 1892 of a specific contagious disease transmitted

from sick parrots, and known as psittacosis. This little epidemic

affected 49 persons and caused 16 deaths. Typhus fever has almost dis-

appeared, while some diseases have increased in relative frequency', in

part at least because of medical progress. The children who would

have died of smallpox in the eighteenth century now live to be affected

with diphtheria or scarlet fever, and the increase in the lumiber of

deaths reported as due to cancer is partly due to the fact that a greater

proportion of people live to the age most subject to this disease.

A large part of modern progress in medicine is due to improved

methods of diagnosis and to the use of instruments of precision for

recording the results of examinations. The use of the clinical ther-

mometer has effected a revolution in medical practice. Our knowl-

edge of diseases of the heart and lungs has been greatly expanded

during the century by auscultation and percussion, and especially by

the use of the stethoscope. The test tube and the microscope warn us

of kidney troubles, which formerly would not have been suspected,

and the mysterious Roentgen rays are called in to aid the surgeon in

locating foreign bodies and in determining the precise nature of cer-

tain injuries of the bones. Bacteriological examination has become a
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nofO.ssuiT pint of the oxaiiiiiuition in cases of sii.spectod diphtheria,

tuberculosis, or typhoid, and a minute drop of blood under the micro-

scope may furnish data which will enable the skilled physician to pre-

dict the result in certain cases of aniemia, or to make a positive

diagnosis as betw^een malaria and other obscure forms of periodic fever.

The means at the command of the physician for the i-elief of pain

now include, not only the general ana'sthetics—chloroform, ether, and

nitrous oxide—but also the hypodermic use of the concentrated alka-

loids of opium, belladonna, and other narcotics, and the local use of

cocaine; and restful sleep for the weary brain ma}" l)e obtained by

sulphonal. chloral, etc. Some agonizing forms of neuralgic pain are

now promptly relieved by tlie section or excision of a ])ortion of the

atiectt^d nerve, or it may be forcibly stretched into a condition of

iruiocuous desuetude. Relief to the sutferings of thousands of neurotic

women, Jind of their families and friends, has been produced b\' the

systematic scientitic- ap]>lication of the rest cure of Dr. Weir Mitchi^ll.

A hundred years ago the medical advertisiMuent which was most

prominent in New York and Pliila(l(dj)hia news])apers was one of a

remedy for worms. Many symj)toms of luM'vousand digestive troubles

in children were in those days wrongly attributed to worms. Nevei--

theless there is good reason to believe that parasitic diseases derived

from animals were much moie ))re\alent in those days in this country

than thev are to-dav. Our knowlinige of the mode of origin and

development of the tiqx'wonn, the Irichiun sjnraliH, the liver fluke,

and the itch insect has been gained during the nineteenth centuiy.

Much the same may be said with regard to the jx'culiar worm known
as A)i(lij/J<tsfi(iii^ the cause of Egyptian chlorosis and of the St. (ioth-

ard tuiuiel (liseas(>, although ]>rescriptions for this parasite are found

in tlie Papyros Ebers, written l)efore the time of Pharaoh.

The limits of this article permit of but a l)rief reference to the prog-

ress in preventive medicine during the century. The studies made in

England of the results of the cholera epidemic of 184*J, and the expe-

rience gained in the English army during the Crimean war, led to some
of the most important advances in sanitary science, more especially to

the demonstration of the importance of pure water supplies and of

proper drainage and sewerage. During our Revolutionary war and

the Napoleonic wars the losses to the armies from disease greatly

exceeded those from wounds; and hospital fever—in other words,

typhus—was dreaded by a general almost more than the opposing

forces. During the wars of the la.st twentA'-five years typhus and

hospital gangrene have been unknown, but some extensive outbreaks

of tj'phoid fever have occurred, showing that our knowledge of the

causes and mode of transmission of this disease has not been practi-

cally applied to the extent which it should have been. This remark

applies also to some of the most fatal diseases in civil life. In the
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United States diphtheria and typhoid fever each causes from 20,000 to
30,000 deaths a year, while more than 100,000 deaths are an'nually
due to consumption. Yet for each of these diseases we know the spe-
cific o-erm, the channels through which it is usually conveyed, and the
means by which this conveyance can be to a great extent prevented.
The ravages of these diseases are therefore largely due to the fact
that the great mass of the people are still ignorant on these subjects.
Antitoxin is not yet used for either prevention or treatment in diph-
theria to anything' like the extent which our knowledge of its powers
demands.

Our better knowledge of the causes of certain infectious and con-
tagious diseases and of the mode of their spread has been of great
importance to the world from a purely comniercial point of view,

since it has led to the doing away with many unnecessary obstructions

to traffic and travel, which were connected with the old systems of

quarantine, while the security which has been gained from the modern
method of cleansing and disinfection is decidedly greater than that

secured by the old methods. A striking illustration of the effect of

these improvements is seen in the manner in which the news of the

recent outbreak of plague in Glasgow was received in England and

throughout Europe. One hundred years ago the city would have

been almost deserted, and terror would have reigned in all England.

To-day it is well understood that the disease spreads by a Ixicillus

which is not conveyed through the air. No one fears a repetition of

the ghastly scenes of the Black Death in the fourteenth century. In

like manner and for the same reasons Asiatic cholera has lost most of

its terrors.

The benefits to the public of modern progress in medicine have been

greatly enlarged by the establishment of many small hospitals and by

the steady increase in the employment of specially trained nurses in

private practice, even in rural districts. The result of a case of

typhoid or of pneumonia often depends as much upon the nurse as

upon the doctor, and affection can not take the place of skill in either.

For the great mass of the p(H>ple cases of severe illness or injury, or

those requiring major surgical operations, can be treated more suc-

cessfully in well-appointed hospitals than in private houses, and as

this is becoming generally understood the old feeling against entering

a hospital for treatment is rapidly disappearing. Improvement in

hospital construction and management has kept pace with progress in

medical knowledge, and in future such institutions seem destined to

play an increasinglv important part in municipal and village life.

All progress in civilization is attended with injury to some mdivid-

uals Trained nurses have deprived some unskilled labor of employ-

ment, hospitals have injured the Imsiness of some physicians, pure

water supplies, good sewers, food inspection, vaccination—m short,
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all ett'ectiv(» inoji.sures in public hyj^ienc—interfere with the trade side

of niediial practice; but upon the whole the public jit large l)enefit(S

by all these things. In one sense the}"^ seem opposed to the general

law of evolution in that they prolong the life of the unfit; but in a

])roader sense they work in accordance with this law by increasing the

power of the strong to protect and care for the weak.

All told, the most important feature in the progress of medicine

during the centur}- has been the discover}' of new methods of scien-

tific investigation, more especially in the fields of bacteriology and

pathology. These methods have l)een as yet only partially applied,

and great results are to be hoped from their extension in the near

future. The}' will not lead to the discovery of an elixir of life, and

the increasing feebleness of old age will continue to be the certain

result of living a long time, for the tissues and organs of each man
have a definitely limited term of duration peculiar to himself; but

many of the disorders which make life a burden in advancing years

can now be palliated or so dealt with as to secure comparative comfort

to the patient, so that '"if by reason of strength" life can be prolonged

})ey()nd three-score years and ten, it no longer necessarily involves

labor and sorrow.



MALARIA.'

By George M. Sternberg, M. D., LL. I)..

Surgeon-General United Slates Army.

In 1113^ address as president of the Biological Society, in 1S96, the

subject chosen was "The malarial parasite and other pathouenic proto-

zoa." This address was published in March, 1897, in the Popular
Science Monthly, and I must refer you to this illustrated paper for a

detailed account of the morpholooical characters of the malarial para-

site. It is my intention at the present time to speak of ''malaria" in

a more general way, and of the recent experimental evidence in sup-

port of Manson's suggestion, first made in 1894, that the mosquito

serves as an intermediate host for the parasite. The discovery of this

parasite may justly be considered one of the greatest achievements of

scientific research during the nineteenth centur3^ Twenty-five 3'ears

ago the best-informed physicians entertained erroneous ideas with

reference to the nature of malaria and the etiology of the malarial

fevers. Observation had taught them that there was something in the

air in the vicinity of marshes in tropical regions, and during the sum-

mer and autumn in semitropical and temperate regions, which gave

rise to periodic fevers in those exposed in such localities, and the usual

inference was that this something was of gaseous form—that it waa a

special kind of bad air generated in swampy localities under favorable

meteorological conditions. It was recognized at the same time that

there are other kinds of bad air, such as the offensive emanations from

sewers and the products of respiration of man and animals, but the

term malaria was reserved especially for the kind of bad air which

was supposed to give rise to the so-called malarial fevers. In the light

of our present knowledge it is evident that this term is a misnomer.

There is no good reason for believing that the air of swamps is any

more deleterious to those who breathe it than the air of the seacoast

or that in the vicinity of inland lakes and ponds. Moreover, the stag-

nant pools Avhich are covered with a "green scum," and from which

bubl)les of gas are given off, have lost all terrors for the well-informed

1 Annual address of the president of the Philosophical Society of Washington.

Delivered under the auspices of the Washington Academy of Sciences, on December

8 1900 Printed in Popular Science Monthly, February, 1901
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man, except in so fur as they serve as breediiju- places for inos(|uitoe8

of the genus Anophelei<. The green scum is made up of harmless algai,

such as Spirogyra, Zygnema, Protococcus, Euglena, etc.; and the gas

which is given otl' from the uuid at the l)ottoni of such stagnant pools is

for the most part a well-known and comparative!}'^ harmless compound
of hydrogen and carbon—methane or ""marsh gas." In short, we now
know tliat the air in the vicinity of marshes is not deleterious because of

any special kind of bad air present in such localities, l)ut because it

contains mosipiitoes infected with a ])arasite known to ))e the specific

cause of theso-calU'd malarial fevers. This parasite was discovered in

the blood of patients suHVring from intermittent fevers by Laveran, a

surgeon in the French army, whose investigations wei'c conducted in

Algiers. This famous discovery was made toward the end of the year

188<>. luit it was several years later before tlie profession generally

began to attach nuich importance to th(^ alleged discovery. It was

lirst confirmed by Richard in IS.Si'; then l)y the Italian investigators,

Marchiafava, Celli. (xolgi, and Bignaini; by Councilman, Osier, and

Tha3'er, in this country, and by many othei- com})etent observei's in

various parts of the world. The Italian investigators named not only

confirmed the presence of the parasite discovered b}'^ Laveran in the

blood of those suffering from malarial fevers, l)ut they demonstrated

its etiological role by inoculation experiments and added greatly to

our knowledge of its life history (1883-189S). The fact that the life

history of the parasite includes a period of existence in the bod}' of

the mosquito as an intermediate host has recently been demonstrated

by the English army surgeons Manson and Ross, and confirmed ])y

numerous observers, including the famous (TCi-man bacteriologist,

Koch.

The discoveries referred to, as is usual, have had to withstand the

criticism of conservative physicians, who, having atlopted the prevailing

theories with reference to the etiology of periodic fevers, were naturally

skeptical as to the reliability of the o})servations made by Laveran and

those who claimed to have confirmed his discovery. The first conten-

tion was that the bodies described as present in the blood were not para-

sites, but deformed blood corpuscles. This objection was soon set at

rest by the demonstration, repeatedly made, that the intra-corpuscular

forms underwent distinct auKeboid movements. No one witnessing

these movements could doubt that he was observing a living micro-

organism. The same was true of the extra-corpuscidar flagellate bodies,

which may be seen to undergo very active movements, as a result of

which the red blood corpuscles are violently displaced and the flagellate

bod}^ itself dashes about in the field of view.

The first confirmation in this country of Laveran's discovery of

amceboid parasites in the blood of malarial-fever patients was made by

myself in the pathological laboratory of the Johns Hopkins University
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in March, 1886. I„ May, 1885, 1 had visited Rome as a deloj^atc to the
international Sanitary Conference, convened in that city under the aus-
pices of the Italian Government, and while there I visited the Santo
Spirito Hospital for the purpose of witnessing- a demonstration by Drs
Marchialava and Celli, of that city, of the presence of ihi^^dmmodlam
malarut in the blood of persons suffering from intermittent fever.
Blood was drawn from the finger during the febrile attack and from
individuals to whom quinine had not been administered. The demon-
stration was entirely satisfactory, and no dou})t was left in my mind
that I saw living parasitic micro-organisms in the interior of red blood
corpuscles obtained from the circulation of malarial -fever patients.
The motions were quite slow, and were manifested l)y a gradual change
of outline rather than by visible movement. After a period of amrje-
boid activity of greater or less duration, the body again assumed an
oval or spherical form and remained quiescent for a time. While in

this form it was easily recognized, as the spherical shape caused the
light passing- through it to be refracted, and gave the impression of a

l)ody having- a dark contour and a central vacuole, but when it was
flattened out and undergoing amceboid changes in form it was necessary

to focus very carefulh^ and to have a good illumination in order to see

it. The objective used was a Zeiss's one-twelfth inc-h homogeneous oil

immersion.

But, very properl}^, skepticism with reference to the casual relation

of these bodies to the disease with which they are associated was not

removed by the demonstration that they are in fact blood parasites, that

they are present in considerable numbers during the febrile paroxysms,

and that they disappear during the interval between these paroxysms.

These facts, however, g-ive strong support to the inference that they are

indeed the cause of the disease. This inference is further supported by

the evident destruction of red blood corpuscles b}^ the parasite, as shown

by the presence of grains of black pigment in the am(el)a-like micro-

organisms observed in these corpuscles jind the accumulation of this

insoluble blood pigment in theliver andspleen of those who have suffered

repeated attacks of intermittent fever. The enormous loss of red blood

corpuscles as a result of such attacks is shown by the ana'mic condition

of the patient and also by actual enumeration. According to Kelsch, a

patient of vigorous constitution in the first four days of a (juotidian

intermittent fever, or a remittent of first invasion, may suffer a loss of

2,000,000 of red blood corpuscles per cubic millimeter of l»lood, and in

certain cases a loss of 1,000,000 has been verified at the end of twenty-

four hours. In cases of intermittent fever having a duration of twenty

to thirty days the number of red blood cells may be reduced from the

normal,' Avhich is about 5,000,000 per cubic millimeter, to 1,000,000, or

even less. In view of this destruction of the red blood cells and the

demonstrated fact that a certain number at least are destroyed during
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the febrile paroxysms by a blood pamsite which invades the cells and

grows at the expense of the continued haemoglobin, it ma}' bo thought

that the etiological role of the parasite should be conceded. But scien-

tific conservatism demands more than this, and the final proof has been

afforded b}" the experiments of Gerhardt and of Marchiafava and Celli

—

since confirmed by many others. This proof consists in the experi-

mental inoculation of healthy individuals with blood containing the

parasite and the development of a typical attack of periodic fever as a

result of such inoculation. Marchiafava and Bignami, in their elal)-

orate article upon "Malaria,"' published in the "Twentieth Centuiy

Practice of Medicine," say:

The transmi.ssion of the disease occurs equally whether the hlood is taken during

the apyretie period or during a febrile paroxysm, whether it contains young para-

sites or those in process of development, or whether it contains sporulation forms.

Only the crescent forms, when injected alone, do not transmit the infection, as has

been demonstrated by Bastianelli, Bignami, and Thayer, and as can be readily under-

stood when we remendier the biological significance of these forms.

In order that the disea.se l)e reproduced in the inoculated subject, it is not neces-

sary to inject the malarial blood into a vein of the recipient, as has been done in

most of the experiments; a sul)cutaneous injection is all-suthcient. Nor is it neces-

sary to inject several cubic centimeters as was done especially in the earlier experi-

ments; a fraction of a cubic centimeter will suffice and even less than one drop, as

Bignami has shown.

After the inoculation of a health}' individual with blood containing

the parasite a period varying from four to twenty-one days elapses be-

fore the occurrence of a febrile paroxysm. Th is is the so-called period of

incubation, during which, nodoubt, the parasite is undergoing nuiltipli-

cation in the blood of the inoculated individual. The duration of this

period depends to some extent upon the (luantity of blood used for the

inoculation and its richness in parasites. It also depends upon the par-

ticular variety of the parasite present, for it has been ascertained that

there are at least three distinct varieties of the malarial parasite—one

which produces the quartan type of fever, in which there is a paroxysm
every third day and in which, in experimental inoculations made, the

period of incubation has varied from eleven to eighteen days; in the ter-

tian type, or second day fever, the period of incubation noted has been

from nine to twelve days; and in the testivo-autunmal type the duration

has usually not exceeded five days. The parasite associated with each

of these types of fever may be recognized by an expert, and there is no

longer any doubt that the difference in type is due to the fact that dif-

ferent varieties or "species'" of the malarial parasite exist, each having

a different period of development. Blood drawn during a febrile

paroxysm shows the parasite in its different stages of intra-corpuscular

development. The final result of this development is a segmenting

body, having pigment granules at its center, which occupies the greater

part of the interior of the red corpuscle. The number of segments into
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which this bod}^ divides differs in the different types of fever, and there
arc other points of difference by which the .several varieties may be dis-

tinguished one from the other, but which it is not necessary to mention
at the present time. The important point is that the result of the seg-

mentation of the adult parasites contained in the red corpuscles is the

formation of a large number of spore-like bodies, which are set free

by the disintegration of the remains of the blood corpuscles and which
constitute a new brood of reproductive elements, which in their turn

invade healthy blood corpuscles and effect their destruction. This

cycle of development, without doubt, accounts for the periodicity of

the characteristic febrile paroxysms; and, as stated, the different vari-

eties complete their cycle of development in different periods of time,

thus accounting for the recurrence of the paroxysms at intervals of

forty-eight hours in one type of fever and of three days in another

t3'pe. When a dail}^ paroxysm occurs, this is believed to be due to

the alternate development of two groups of parasites of the tertian

variety, as it has not been possible to distinguish the parasite found in

the blood of persons suffering from a quotidian form of intermittent

fever from that of the tertian form. Very often, also, the daily par-

oxysm occurs on succeeding days at a different hour, while the parox-

ysm every alternate day is at the same hour, a fact which sustains the

view that we have to deal, in such cases, with two broods of the ter-

tian parasite which mature on alternate days. In other cases there

may be two distinct paroxysms on the same day and none on the fol-

lowing day, indicating the presence of two broods of tertian parasites

maturing at different hours every second day.

Manson, in his work on tropical diseases, recently published, accounts

for the febrile paroxysm as follows:

In all malarial attacks this periodicity tends to become, and in most attacks actu-

ally is, quotidian, tertian, or quartan in type. If we study the parasites associated

with these various types we find that they, too, as has been fully described already

have a corresponding periodicity. We have also seen that the commenc-ement o

the fever in each case corresponds with the breaking up of the sporulatmg form of

the parasite concerned. This last is an important point; for, doubtless when this

breaking up takes place, besides the pigment set free, other residual matters-not so

striking optically, it is true, as the pigment, but none the less ^l-P^^^^^^^
^^^

liberated; a haemoglobin solvent, for example, as I have
-f

-*«^-
.^^.f

.^^^^
* ^^^

this haemoglobin solvent, or whether it be some other ^^.^^ance which tep^^^

genetic agent, I believe that some toxin, hitherto inclose<l m the body of the parasite,

oHn the infected corpuscle, escapes into the blood at the moment of sporulat.on

The peJl^Iicity of the clinical phenomena is accounted for

^y^^^f^^^
the parasite How are we to account for the periodicity ot the para^site? It is true

thatThas a life of twentv-four hours, or of a multiple of twenty-four hours; but ^^hy

a pure intermittent, it is practically useless to iook

SM 1900 45
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later stages of fever, or durinpr the interval, or during any time but just before,

during, or soon after rigor. If we wish to see the early and nnjiigniented forms, we
mui^t look for them during the later stage of rigor or the earlier part of the stage of

pyrexia. And so with the other stages of the parasite; each has its appropriate

relationship to the fever cycle.

There are numerou.s cases of malarial fever in whicli there is no dis-

tinct intermission and in which the course of the fever is either con-

tinued or remittent in charactor. Fevers of this type usually occur in

the late siunmor or in the autumn (a'stivo-autunuial) and are believed

to be due to infection hy two distinct varieties of the parasite; one, the

tertian a\stivo-autumnal. causes a fever characterized I\v a marked rise

in the temperature every second day; the other, a fever in which there

is a daily elevation of temperatui-e. There are ccM-tuin ])eculiarities

relatino- to the inti-a-corpusculai' development of these parasites which

enable us to ditlerentiate them from the tertian and (piartan parasites of

intermittent fever, but a more striking- difference to be observed in their

lifecydeof development in the ])lo()d of man is the ])i'(»senc(M)f peculiar

crcscentic-shaped bodies, which play an important part in their further

development in the body of an intermediate host—the mosquito. Asso-

ciated with these "crescents" fusifoi-m and o\'oid l)odies are often seen

which are no doubt similar in their origin and function. The crescents

are a little longer than the diameter of a red blood corpuscle and are

al)out three times as long as broad. They contain in the central portion

grains of pigment (melanin) derived from the ha'moglobin of the

infected corpuscle, which has been changed into a crescentic body as a

result of the development of the malarial parasite in its interior.

When a fresh preparation of malarial Idood containing these crescents

is observed under the microscope, while a majoritj'^ of them retain the

crescentic form, others may be seen, after an interval of ten minutes

or more, to change in form, lirst becoming oval and then round; then,

in the interior of these round bodies an active movement of the pig-

ment granules occurs; this is followed by the thrusting forth fiom the

peripher}' of several filaments—usually four—which have liagella-like

movements. These, as a rule, become detached and continue to move
rapidly among the blood corpuscles. With reference to the function

of these motile filaments, Marchiafava says:

In these later days there is increasing belief in the theory, wliich we uphold, that

the crescents and the flagellata are sexual foribs of the malarial jmrasite, and that a

reproductive act (in which the flagellum represents the male element and an adult

crescent the female cell) gives rise to the new' being which begins its existence in the

tissues of the mosquito.

The crescentic bodies may be found in the blood of man long after

all febrile symptoms have disappeared, and it is generally recognized

that they are not directly concerned in the production of the phenomena
which constitute a malarial attack and that the administration of

quinine has no influence in causing them to disappear from the blood.
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On the other hand, the febrile phenomena are directly associated with
the appearance of the amoeboid form of the parasite in the interior of
the red blood corpuscles, and the administration of suitable doses of
quinme has a marked effect in causing these amoeba-like micro-organ-
isms to disappear from the blood.

These crescentic bodies are not found in the benign tertian and quar-
tan intermittent fevers, but are characteristic of the malignant forms of
malarial infection, including the so-called a?stivo-autumnal fever. In
those forms of fever they are not seen at the outset of the attack, and
they have no direct influence upon the course of the fever. A week
usually elapses between the first appearance of the amoeboid form of the
pai-asite and that of these crescentic bodies. They are often found in
the Ijlood some time after all symptoms of fever hav^e disappeared, and
are associated with the malarial cachexia which follows an attack of
{vstivo-autumnal fever. When blood containing these crescents is in-

gested by a mosquito of the genus Anojjhele^, the following very remark-
able transformations occur: Some of the crescents are transformed into

hyaline flagellate bodies having active movements; others are changed
into granular spheres. The flagella break away from the hyaline bodies

and. approaching the granular spheres, appear to seek energetically to

enter these bodies. A minute papilla is given off from the surface of

the sphere, seeming to be projected to meet the attacking flagellum. At
this point, one of the flagella succeeds in entering the sphere, causing an

active movement of its contents for a brief time, after which the flagellum

disappears from view and the contents become quiescent. This is no

doubt an act of impregnation. After a time the impregnated granular

sphere alters its shape, becoming oval, and later vermicular in form.

The pigment granules are now seen at the posterior part of this body,

which, after the changes mentioned, exhibits active movements. It is

believed that this motile vermicular body penetrates the wall of the mos-

quito's stomach. Here it grows rapidly and, after a few days, may be

seen projecting from the surface as a spherical mass. In the meantime

the contents are transformed into spindle-shaped l)odies (sporozoitcs)

which are subsequently set free by the rupture of the capsule of the

mother cell. According to Manson, these spindle-shaped bodies pass

from the body cavity of the mosquito, probably by way of the blood, to

the 3-lobed veneno-salivary glands lying on each side of the fore part

of the thorax of the insect. "These glands communicate with the

base of the mosquito's proboscis by means of a long duct, along the

radicles of which the clear, plump cells of the gland are arranged. The

sporozoites can be readily recognized in many, though not in all, of the

cells, especially in those of the middle lobe, and also free in the ducts.

So numerous are they in some of the cells that the appearance they

present is suggestive of a bacillus-laden lepra-cell."
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The hypothesis that inuliiriul infection results from the bites of mos-

quitoes was advanced and ably supported by Dr. A. F. A. King, of

Washington, D. C, in a paper read before the Philosophical Society on

February 10, 1883, and published in the Popular Science Monthly in

September of the same year. In 1894 Manson supported the same

hypothesis in a paper published in the British Medical Journal (Decem-

ber 8), and the foUowing year (18!>5) Ross made the important dis-

covery that when blood containing tiie crescentic bodies was ingested by

the mosquito these crescents rapidly underwent changes similar to

those heretofore descri])ed, resulting in the formation of motile fila-

ments, which ])ecome detached from the parent body and continue to

exhil)it active movements. In 1897 Ross ascertained further that

when blood containing crescents was fed to a particular species of mos-

quito, living pigmented parasites could be found in the stomach walls of

the insect. Continuing his researches with a parasite of the same class

which is found in })ii'ds, and in which the mosquito also serves as an

intermediate host. Ross found that this parasite enters the st(miach wall

of the insect, and. as a result of its devel()])inent in that locality, forms

reproductive bodies (sporozoites), which sul>se<iuently find their way to

the vcneno-salivary glands of the insect which is now capable of infect-

ing other l)irds of the same species as that from which the blood was

o])tained in the first instance. Ross further showed that the mos(|uito

which served as an intermediate host for this parasite could not trans-

mit the malarial parasite of man or another similar parasite of birds

(halteridium). These discoveries of Ross have l)een confirmed by

Grassi, Koch, and others, and it has been shown that the mosquitoes

which serve as intermediate hosts for the malarial parasites of man
belong to the genus Anopheles^ and especially to the species known as

A n ojjh tie^^ da v i(/<-/'.

The question whether mosquitoes infected with the malarial parasite

invaria])ly become infected as a result of the ingestion of human blood

containing this parasite has not been settled in a definite manner, but

certain facts indicate that this is not the case. Thus there are localities

noted for being extremely dangerous on account of the malarial fevers

contracted by those who visit them, which on this very account are

rarely visited by man. Yet there must be a great abundance of infected

mosquitoes in these localities, and especiall}' in low, swampy regions in

the Tropics. If man and the mosquitoes are alone concerned in the

propagation of this parasite, how shall we account for the abundance of

infected mosquitoes in uninhabited marshes { It appears probable that

some other vertebrate animal serves in place of man to maintain the life

cycle of the parasite, or that it may be propagated through successive

generations of mosquitoes.

It is well known that persons engaged in digging canals, railroad cuts,

etc., in malarious regions are especially liable to be attacked with one or
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the other of the forms of malarial fever. This may he due to the fact
that the dig-g-ing- operations result in the formation'of little pools suit-
able for the development of the eggs of Anopheles; but another explana-
tion has been offered. Ross and others have found in infected mos-
quitoes certain bodies, described by Ross as " black spores," which resist
decomposition and which may be resting spores capable of retaining their
vitality for a long time. The suggestion is that these "black spores"
or other encysted reproductive bodies may ha^ve been deposited in the
soil by mosquitoes long since defunct, "and that in moving the soil these
dormant parasites are set at liberty, and so in air, in water, or otherwise
gain access to the workmen engaged" (Manson). This hypothesis is

not supported by recent observations, w^hich indicate that infection in

man occurs only as a result of inoculation through the bite of an
infected mosquito. The question is whether malarial fevers can be con-

tracted in marshy localities independently of the mosquito, which has

been demonstrated to be an intermediate host of the malarial parasite?

Is this parasite present in the air or water in such localities, as well as in

the bodies of infected mosquitoes ? Its presence has never been demon-

strated b}" the microscope; but this fact has little value in view of the

great variety of microorganisms present in marsh water or suspended in

the air everywhere near the surface of the ground, and the difficulty of

recognizing the elementar}- reproductive bodies b}^ which the \'arious

species are maintained through successive generations. It would appear

that a crucial experiment for the determination of this question woukl

be to expose healthy individuals in a malarious region and to exclude the

mosquito by some appropriate means. This experiment has been made

during the past summer, and the result up to the present time has been

reported by Manson in the London Lancet of September 2H. Five

healthy individuals have lived in a hut on the Roman Campagna since

early in the month of July. They have been protected against mosquito

bites by mosquito-netting screens in the doors and windows and by mos-

quito bars over the beds. They go about freely dui-ing the daytime,

but remain in their protected hut from sunset to sunrise. At the time

Manson made his report all these individuals remained in perfect health.

It has long been known that laborers could come from the A-illages in the

mountainous regions near the Roman Campagna and work during the

day, returning to their homes at night, without great danger of contract-

ino- the fever, while those who remained on the Campagna at night ran

o-reat risk of falling sick with fever, as a result of "exposure to the night

air
" What has already been said uiakes it appear extremely probal.le

that the " night air," per se, is no more dangerous than the day air, but

that the real danger consists in the presence of infected mosquitoes of

a species which seeks its food at night. As- pointed out by King, in

his paper alreadv referred to, it has repeatedly l>een claimed by

travelers in malarious regions that sleeping under a nios,|u.to bar is an

effectual method of prophylaxis against intermittent fevers.
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That malarial fevers may be transmitted by mosquitoes of the genus

Anophdeti was first demonstrated by the Italian physician Bio-nami,

whose experiments were made in the Santo Spirito Hospital in Rome.

The subjects of the experiment, with their full consent, were placed in

a suitalile room and exposed to the bites of mosquitoes brought from

Maccai-ese, "a marsh}' place with an evil but deserved reputation for

the intensity of its fevers." It has been objected to these experiments

that they were madc^ in Rome, at a season of the year wh(Mi malarial

fevers prevail to a greater or less extent in that city, but Marchiafava

and Bignami say:

It is well known to all physicians here that, although there are some centers of

malaria in certain portions of the suburbs, the city proper is entirely free from

malaria, a>* long experience has demonstrated, and at no season of the year does one

accjuire the disease in Home.

In view of the objection made, a crucial experiment has recently

been made in the city of London, The result is reported b}- Manson,

as follows:

Mosquitoes infected with the parasite of benign tertian malarial fever were sent

from Rome to England, and were allowed to feed upon the blood of a j)erfectly

healtliy individual (Dr. Sanson's son, who had never bad malarial disease). Forty

moscjuitoes in all were allowed to bite him between August US) and Sei)tend)er 12.

On 8ej)tend)er 14 he luul a rise of temperature, with headache and slight cliilliness,

but no organisms were found in his bltxul. A febrile paroxysm (jccurred daily

thereafter, but the parasites did not appear in the blood until September 17, when
large numbers of typical tertian ])arasites were found. They soon disa])peare<l under

the influence of quinine.'

We have still to consider the question of the transmission of malarial

fevers by the ingestion of water from malarious localities. Numerous

medical authors have recorded facts which they deemed convincing as

showing that malarial fevers ma}^ be contracted in this way. I have

long been of the opinion that while the o})served facts may, for the most

part, be authentic, the inference is based upon a mistake in diagnosis;

that, in truth, the fevers which can justly be ascribed to the ingestion of

a contaminated water supply are not true malarial fevers—i. e., they are

not due to the presence of the malarial parasite in the blood. This view

was sustained by me in my work on "Malaria and Malarial Diseases,"

pu])lished in 1883. The fevers supposed to have been contracted in

this waj' are, as a rule, continued or remittent in character, and they

are known under a variety of names. Thus we have ""Roman fever,"

"Naples fever," '"remittent fever," "mountain fever," "typho-mala-

rial fever," etc. The leading physicians and pathologists, in regions

where these fevers prevail, are now convinced that they are not mala-

rial fevers, but are simply more or less typical varieties of tjqihoid

fever—a disease due to a specific bacillus and which is commonly con-

tracted as a result of the ingestion of contaminated water or food.

^ Quoted from an editorial in the New York Medical Journal of October 20, 1900
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Tho error in diagnosis, upon which the inference has l)cen based that
mahirial fevers may be contracted through drinking water, has been
widespread, in this country, in Europe and the British possessions in
India. It vitiated our medical statistics of the civil war and of the
recent war with Spain. In my work already referred to I say

:

Probably one of the most common mistakes in diagnosis, made in all parts of the
world where malarial and enteric fevers are endemic, is that of calling an attack of

fever belonging to the last-mentioned category malarial remittent. This arises from
the difficulties attending a differential diagnosis at the outset, and from the fact that

having once made a diagnosis of malarial fever the physician, even if convinced
later that a mistake has been made, does not always feel willing to confess it. The
case, therefore, appears in the mortality returns if it prove fatal, or in the statistical

reports of disease if made by an army or navy surgeon, as at first diagnosed.

I have already mentioned the fact that Marchiafava denies that mala-

rial fevers prevail in the city of Rome, yet everyone knows how frc-

quenth^ travelers contract the so-called "Roman fever" as a result of a

temporary residence in that city. In our own cities numerous cases of

so-called " remittent"' or *" typho-malariar' fevers are reported in locali-

ties where tN'pical malarial fevers (intermittents) are unknown, and at

seasons of the yeav when these fevers do not prevail even in the marshy

regions where they are of animal occurrence, during the mosqinto season.

Malarial fevers may, of course, occur in cities as a result of exposure

elsewhere to the bites of infected mosquitoes of the genus Anopheles^

either as primary attacks or as a relapse, or in urban localities in the

vicinity of marshy places or pools of water 8uital)le as Itreeding places

for AnopJielcs. But when a previously healthy individual, living in a

well-paved city, in a locality remote from all swampy places is taken sick

with a "remittent fever,'' and especially when the attack occurs during

the winter months, it is pretty safe to say that he is not suffering from

malarial infection, and the chances are greatly in favor of the view that

he has typhoid fever. It nmst l)e remembered that a remittent or inter-

mittent course is not peculiar to malarial fevers. Typhoid commonly

presents a more or less remittent character, especially at the outset of

an attack; the hectic fever of tuberculosis is intermittent in character.

The formation of an abscess, an attack of tonsilitis, etc., are usually

attended by chills and fever, which may recur at more or less regular

intervals.
^

Indeed, in certain cases of pyemia the febrile phenomena

are so similar to those of a malarial attack that a mistake in diagnosis

is no unusual occurrence. Finally, I may say that it is the fashion

with many persons and with some physicians to ascribe a variety of

symptoms, due to various causes, to -malaria'' and to prescribe

quinine as a general panacea. Thus a gentleman who has been at the

club until 1 or 2 o'clock at night and has smoked half a dozen cigars-

not to mention beer and cheese sandwiches as possible factors-reports

to his doctor the next morning with a dull headache, a furred tongue,

and a loss of appetite which he is unable to account for except upon
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the supposition that ho has "malaria." Again the symptoms arising

from indigestion, from crowd poisoning, from sewer-gas poisoning,

from ptomaine poisoning (auto-infection), etc., are often ascribed to

"malaria,'' and quinine is prescribed, frequent]}^ with more or less

benefit, for the usefulness of this drug is not limited to its specific

action in the destruction of the malarial parasite.

As stated at the outset, it is evident, in the present state of our

knowledge, that the term "malaria" is a misnomer, either as applied

to the cause of the periodic fevers or as used to designate this class of

fevers. It would be more logical to use the name plasmodium fever

and to speak of a plasmodium intermittent or remittent, rather than

of a malarial intermittent. But it will, no doubt, be difficult to dis-

place a term which has been so long in use, which up to the present

time has had the sanction of the medical profession, and which expresses

the popular idea as to the origin of that class of fevers which we now
know to be due to a blood parasite, introduced through the agency of

mosquitoes of the genus Anoplieles.



TRANSMISSION OF YELLOW FEVER RY MOSQUITOES.

By George M. Sternberg, M. D., LL. D.

Snr(/coti-(T('iier((l United Stairs Ariiiji.

The discoveries which hiive been made during the past twent3"-five

years with reference to the etiology of infectious diseases constitute

the greatest achievement of scientific medicine and afford a substantial

basis for the application of intelligent measures of proph3daxis. We
now know the specific cause (germ) of typhoid fever, of pulmonary con-

sumption, of cholera, of diphtheria, of erysipelas, of croupous pneu-

monia, of the malarial fevers, and of various other infectious diseases

of man and of the domestic animals; ])ut up to the present time all

efforts to discover the germ of yellow fever have been without success.

The present writer, as a member of the Havana Yellow Fever Commis-

sion, in 1879, made the first systematic attempt to solve the unsettled

questions relating to yellow-fever etiology hy modern methods of re-

search. Naturally the first and most important question to engage ray

attention was that relating to the specific infectious agent, or germ,

which there was every reason to believe must ])e found in the bodies

of infected individuals. Was this germ present in the blood, as in the

case of relapsing fever; or was it to be found in the organs and tissues

which upon post-mortem examination give evidence of pathological

changes, as in typhoid fever, pneumonia, and diphtheria; or w^as it

to he found in the alimentary canal, as in cholera and dysentery? The
clinical history of the disease indicated a general blood infection. As
my equipment included the best microscopical apparatus made, I had

strong hopes that in properly stained preparations of blood taken from

the circulation of yellow-fever patients my Zeiss 1/18 oil immersion

objective would reveal to me the germ I was in search of; but I was

doomed to disappointment. Repeated examinations of blood from

patients in every stage of the disease failed to demonstrate the pres-

ence of micro-organisms of an}" kind. My subsequent investigations in

Havana, Vera Cruz, and Rio de Janeiro, made in 1887, 1888, and 1889,

were equall}^ unsuccessful. And numerous competent microscopists

of various nations have since searched in vain for this elusive germ.

Another method of attacking this problem consists in introducing ])lood

657
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from A^cllow-fever patients or recent eadavers into various culture

media for the purpose of cultivating any germ that might l)e present.

Extended researches of this kind also gave a negative result, which in

my final report I stated as follows:

The specific cause of yellow fever hav« not yet been demonstrated.

It is demonstrated that micro-organisms capable of development in tlie culture-

media usually employed by bacteriologists, are only found in tlie l)lo()d and tissues

of yellow-fever cadavers in exceptional cases, when cultures are made very soon after

death.

Since this report was made various investigators have attacked the

question of yellow-fever etiology, and one of them has made very

positive claims to the discovery of the specific germ. I refer to the

Italian })acteriologist, Sanarelli. His researches were made in Brazil,

and, singularly enough, he found in the blood of the first case exam-

ined by him a bacillus. It was present in large numbers, Imt this case

proved to ])e unique, for neither Sanarelli nor anyone else has since

found it in such abundance. It has been found in small numbers in

the blood and tissues of yellovr-fever cadavers in a certain niunberof

the cases examined. But carefully conducted researches by competent

bacteriologists have failed to demonstrate its presence in a consider-

able pro})ortion of the cases, and the recent researches of Reed, Car-

roll, and Agramonte, to which I shall shortly refer, demonsti'ate

conclusively that the bacillus of Sanaielli has nothing to do with the

etiology of yellow fever.

So far as I am aware. Dr. Carlos Finla}', of Havana, Cuba, was the

first to suggest the transmission of yellow fever by mosquitoes. In a

comnmnication made to the Academy of Sciences of Havana, in Octo-

ber, 1881, he gave an account of his first attempts to demonstrate the

truth of his theory. In a paper contributed to the Edinl)urg jNIedical

Journal, in 1S1>4. Doctor Finlay gives a summar}' of his experimental

inoculations up to that date, as follows:

A sunnuary account of the experiments performed by mj^self (and some also by

my friend Doctor Delgado) during the last twelve years will enable the reader to

judge for himself. The experiment has consisted in first applying a captive mosquito

to a yellow-fever patient, allowing it to introduce its lance and to fill itself with

blood; next, after the lapse of two or more days, applying,the same mosquito to the

skin of a person who is considered susceptible to yellow fever, and, finally, observ-

ing the effects, not only during the first few weeks, but during periods of several

years, so as to appreciate the amount of immunity that should follow.

Between the 30th of June, 1881, and the 2d of December, 1893, 88 persons have

been so inoculated. All were white adults, uniting the conditions which justify the

assumption that they were susceptible to yellow fever. Only 3 were women. The

chronological distribution of the inoculations was as follows: Seven in 1881, 10 in

1883, 9 in 1885, 3 in 1886, 12 in 1887, 9 in 1888, 7 in 1889, 10 in 1890, 8 in 1891, 3 in

1892, and 10 in 1893. The following table will show the length of time during

which the "inoculated" resided in Havana (as also some ten or twelve who resided

most of the time in Cienfuegos). During this time the inoculated were under obser-

vation, so far, at least, as to obtain information about any attack of yellow fever that
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was suffered by tliem (with the exception of only one case, that of a youth wh(j wa«
lost sight of after the inoculation).

Cases.
Cases.

Result unknown in 1 Five years in \ 2
Less than one year in 11 Six years in

""'.'"
8

One year in 3 Seven to ten years in 9
Two years in 12

Three years in 14 Total 87

Four years in 28

The yellow-fever patients upon whom the mosquitoes were contaminated were,
almost in every instance, well-marked cases of the albuminuric or melano-albumi-.
nuric forms, in the second, third, fourth, fifth, or sixth day of the disease. In some
of the susceptible subjects the inoculation was repeated when the source of the con-
tamination appeared uncertain.

Among the 87 who have been under observation, the following results have l)een

recorded.

1. Within a term of days, varying between five and twenty-five after the ino(-ula-

tion, 1 presented a mild all)uminuric attack, and 13 only "acclimation fevers."

While Finlay's theory appeared to be plausible and to explain many
of the facts relating to the etiology of yellow fever, his experimental

inoculations not only failed to give it substantial support, but the nega-

tive results, as reported by himself, seemed to be opposed to the view

that yellow fever is transmitted by the mosquito. It is true that he

reports one case which "presented a mild albuminuric attack,'' which

we may accept as an attack of yellow fever. But in v-iew of the fact

that this case occurred in the city of Havana, where yellow fever is

endemic, and of the 86 negative results from similar inoculations, the

inference seemed justiiied that in this case the disease was contracted

in some other way than as a result of the so-called "mosquito inocula-

tion." The 13 cases in which "only acclimation fevers" occurred

" within a term of days varying between five and twenty-five after the

inoculation" appeared to me to have no value as giving support to

Finlay's theory; first, because these "acclimation fevers "could not

be identified as mild cases of yellow fever; second, because the oi-di-

nary period of incubation in yellow fever is less than five days, and

third, because these individuals, having recently arrived in Havana,

were liable to attacks of yellow fever or of "acclimation fever" a.s a

result of their residence in that city and quite independently of Doctor

Finlay's mosquito inoculations. For these reasons Doctor Finluy s

experiments failed to convince the medical profession generally of the

truth of his theorv relating to the transmission of yellow fever, and

this important question remained in doubt and a subject of contro-

versy. One partv regarded the disease as personally contagion,^ and

supposed it to be "communicated directly from the sick to the well a.s

in the case of other contagious diseases, such as smallpox, scarlet

fever, etc. Opposed to this theory was the fact that m uuunneral)le

instances nonimmune persons had been known to care for yellow-

fever patients as nurses or physicians without contracting the disease;
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also the fact that the opidomic extension of the disease depends upon

external eonditions relating to temperature, altitude, rainfall, etc.

It was a well-established fact that the disease is arrested by cold

weather and does not prevail in noilhern latitudes or at considerable

elevations. But diseases which are directly transmitted from man to

man b}^ personal contact have no such limitations. The alternate

theory took account of the above-mentioned facts and assumed that

the disease was indirecth* transmitted from the sick to the well, as is

the case in typhoid fever and cholera, and that the germ was capable

of development external to the human body when conditions were

favorable. These conditions were believed to be a certain elevation

of temperature, the presence of moisture, and suitable organic })al)u-

lum (tilth). The two first-mentioned conditions were known to be

essential; the third was a subject of controversy.

Yellow-fever ei)idemics do not occur in the winter months in the

temperate zone, and th«\v do not occur in arid regions. As epi-

demics have frecjuently pi'evailed in seacoast cities known to ))<^ in an

insanitary condition, it has been generally assumed that the presence

of decomposing organic material is favorable for the development of

;in epidemic, and that, like typhoid fev(U' and chol(>ra. yellow fever is

a "tilth disease." Opposed to this view. how(>ver, Avas the fact that

epidemics have frequently occuiied in localities (e. g., at military

posts) where no local insanitai'v conditions were to be found. More-

over, there are marked ditierences in regard to the transmission of the

recognized filth diseases—typhoid fever and cholera—and yellow fever.

The first-mentioned diseases are largely propagated by means of a

contaminated-water supply, whereas there is no evidence that yellow

fever is ever conmnmicated in this way.

Typhoid fever and cholera prevail in all parts of the world and may
prevail at any season of the year, although cholera as a rule is a disease

of the summer months. On the other hand, yellow fever has a very

restricted area of prevalence, and is essentially a disease of seaboard

cities and of warm climates. Evidentl}' neither of the theories referred

to accounts for all of the observed facts with reference to the endemic

prevalence and epidemic extension of the disease under consideration.

Having for years given nmch thought to this subject, I became

some time since impressed with the view that probablj^ in yellow fever,

as in the malarial fevers, there is an intermediate host. I therefore

suggested to Doctor Keed, president of a board ^ appointed upon my
recommendation for the study of this disease in the island of Culia,

that he should give special attention to the possibilit}^ of transmission

by some insect, although the experiments of Finlay seemed to show

*The members of the board were: Maj. Walter Reed, surgeon, U. S. A.; Dr. James

Carroll, contract surgeon, U. S. A.; Dr. A. Agramonte, contract surgeon, U. 8. A.,

and Dr. Jesse Lazear, contract surgeon, U. S. A.
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that this insect was not a mosquito of the genus CalI&r, such as he had
used in his inoculation experiments. I also urged that efforts should
be made to ascertain definitely whether the disease can be connuuni-
cated from man to man by blood inoculations. Evidently, if this is

the case tiie blood must contain the living- infectious agent upon which
the propagation of the disease depends, notwithstanding the fact that

all attempts to demonstrate the presence of such a germ in the blood

by means of the microscope and culture methods had proved unavail-

ing. I had previously demonstrated \>^ repeated experiments that

inoculations of yellow-fever blood into lower animals—dogs, rabbits,

guinea pigs—give a negative result; but this negative result might

well be because these animals were not susceptible to the disease and

could not be accepted as showing that the germ of yellow fever was

not present in the blood. A single inoculation experiment on man
had been made in my presence in the city of Vera Cruz in 1887 by

Dr. Daniel Ruiz, who was in charge of the civil hospital in that cit3\

But this experiment was inconclusive, for the reason that the patient

from whom the blood was obtained was in the eighth day of the

disease, and it was quite possible that the specific germ might have

been present at an earlier period and that after a certain number of

days the natural resources of the body are sufficient to effect its

destruction, or in some way to cause its disappearance from the

circulation.

This was the status of the question of yellow-fever etiology when

Doctor Reed and his associates commenced their investigations in Cuba

during the summer of 1900. In a '^Preliminary note" read at the

meeting of the American Public Health Association, October 22, 1900,

the board gave a report of three cases of yellow fever which they

believed to be the direct result of mosquito inoculations. Two of

these were members of the board, viz: Dr. Jesse W. Lazear and Dr.

James Carroll, who voluntarily submitted themselves to the experi-

ment Doctor Carroll suffered a severe attack oi the disease and re-

covered but Doctor Lazear fell a victim to his enthusiasm in the cause

of scienc-e and humanitv-' His death occurred on September 25, after

an illness of six davs' duration. A})Out the same time nine other indi-

viduals who volunteered for the experiment were bitten b^-mtec-ted

mosquitoes-i. e., bv mosquitoes which had previously been allowed to

fill themselves with^blood from yellow-fever cases-and in these cases

the result was negative. In considering the experimental evidence

thus far obtained the attention of the members of the board was

attracted bv the fact that in the nine inoculations with a neg|itive

result -the time elapsing between the biting ot the mosquito and the

inoculation of the healthy subject varied in seven cases from two to

"ght days and in the remaining two from ten toHm-teen days whereas

in two of the three successful cases the mosquito had been kept for
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twelve daj's or longer. In the third case—that of Doctor Lazear—the

facts are stated in the report of the board as follows:

Case 3.—Dr. Jesse AV. Lazear, acting assistant surgeon. United States Army, a mem-
ber of this board, was bitten on August 16, 1900 (case 3, Table HI), by a mosquito

{Culex fasciaius), which ten days previously had been contaminated by biting a very

mild case of yellow fever (fifth day). No appreciable disturl)ance of health followed

this inoculation.

On September 13, 1900 (forenoon), Doctor Lazear, while on a visit to Las Animas
Hospital, and while collecting blood from yellow-fever patients for study, was l)itten

by a Culex mosquito ( variety undetermined) . As Doctor Lazear had been previously

bitten by a contaminated insect without after effects, he deliberately allowed this

particular mosquito, which had settled on the back of his hand, to remain until it

had satisfie<l its hunger.

On the evening of September 18, five days after the l)ite, Doctor Lazear complained

of feeling "out of sorts," and had a chill at 8 p. m.

On September 19, 12 o'clock noon, his temperature was 102.4°; jnilse, 112. His

eyes were injected and his face suffused. At 3 p. m. temperature was 103.4°; pulse,

104; 6 p. m. temperature, 103.8°, and pulse, 106. Albumin api)eared in the urine.

Jaundice appeared on the third day. The sul)se«juent history of this case was one of

progressive and fatal yellow fever, the death of our much-lamented colleague having

occurred on the evening of September 25, 1900.

Evidently in this case the evidence is not .satisfactory as to the fatal

attack being a result of the ))ite by a mosquito ""while on a visit to

Las Animas Hospital," although Doctor Lazear himself was thor-

oughl}' convinced that this was the direct cause of his attack.

The inference drawn l)y Doctor Keed and his associates from the

experiments thus far made was that yellow fever \\\&y be transmitted

by mosquitoes of the genus Culex, but that in order to convey the

infection to a nonimmune individual the insect must be kept for

twelve days or longer after it has tilled itself with blood from a 3'ellow

fever patient in the earlier stages of the disease. In other words, that

a certain period of incu])ation is required in the bod}' of the insect

before the germ reaches its salivaiT glands, and consequently before

it is able to inoculate an individual with the germs of 3'ellow fever.

This inference, based upon experimental data, received support from

other observations, which have been repeatedly made, with reference

to the introduction and spread of yellow fever in localities favorable

to its propagation. AVhen a case is imported to one of our Southern

seapoi't cities from Havana, Vera Cruz, or some other endenjic focus

of the disease, an interval of two weeks or more occurs before second-

arv cases are developed as a result of such importation. In the light

of our present knowledge this is readih' understood. A certain num-
ber of mosquitoes, having filled themselves with blood from this first

case, after an interval of twelve days or more bite nonimmune individ-

uals living in the vicinit}', and these individuals, after a brief period

of incubation, fall sick with the disease; being bitten by other mos-

quitoes thej' serve to transmit the disease through the "intermediate
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ho«t" to .Still otber.s. Thius the epidemic extends, at first .slowlv asfrom house to house, then more rapidly, as by geometricalpro-
gression. ^

It will be seen that the essential difference between the successful
experiments of the board of which Doctor Reed is president, and the
unsuccessful experiments of Finlay consist in the length of time dur-
ing which the mosquitoes were kept after filling themselves with l)lood
from a yellow-fever patient. In Finlay's experiments the interval
was usually short—from two to five or six days, and it will be noted
that in the experiments of Reed and his associates the result was inva-
riably negative when the insect had been kept for less than eight days
(seven cases).

Having obtained what they considered satisfactory evidence that yel-
low fever is transmitted by mosquitoes. Doctor Reed and his associates
proceeded to extend their experiments for the purpose of establishing
the fact in such a positive manner that the luedical profession and the
scientific world generally might be convinced of the reliability of the
experimental evidence upon which their conclusions were based.

These conclusions, which have been fully justified by their subsequent
experiments, were stated in their "Preliminary note "as follows:

1. Bacillus icteroidcs (Sanarelli) stands in no causative relation to yellow fever,

but, when present, should be considered as a secondary invader in this disease.

2. The mosquito serves as the intermediate host for the parasite of yellow fever.

In ''An additional note" read at the Pan-American ]\Iodical Con-

gress, held in Havana, Cuba, Februar}- 4-7, 1901, a report is made of

the further experiments made up to that date. In order that the abso-

lute scientific value of these experiments may be full}' appreciated, I

shall quote quite freeh' from this report with reference to the methods

adopted for the purpose of excluding all sources of infection other

than the mosquito inoculation:

In order to exercise perfect control over the movements of those individuals who

were to be subjected to experimentation, and to avoid any other possible source of

infection, a location was selected in an open and uncultivated field, about 1 mile from

the town of Quemados, Cuba. Here an experimental sanitary station was estab-

lished under the complete control of the senior member of this board. This station

was named Camp Lazear, in honor of our late colleague, Dr. Jesse W. Lazear, acting

assistant surgeon, United States Army, who died of yellow fever while courageously

investigating the causation of this disease. The site selected was well drained, freely

exposed to sunlight and winds, and from every point of view satisfactory for the

purposes intended.

The personnel of this camp consisted of two medical officers. Dr. Roger P. Ames,

acting assistant surgeon. United States Army, an immune, in immediate charge; Dr.

E. P. Cooke, acting assistant surgeon. United States Army, nonimmime; one acting

hospital steward, an immune; nine privates of the hospital corps, one of whom was

immune, and one immune ambulance driver.

For the quartering of this detachment, and of such nonimmune individuals as

should be received for experimentation, hospital tents, properly floored, were pro-
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vided. Thene were i>la<.'ed at a distance of about 20 feet from each otlier, and were

numl)ered 1 to 7, respectively.

Camp Lazear was established November 20, 1900, and from this date was strictly

quarantined, no one l)ein<j: permitted to leave or enter camp except the three immune
members of the detachment and the members of the board. Supplies were drawn
chiefly from Columbia Barracks, and for this purpose a conveyance under the con-

trol of an immune acting hospital steward, and ha\dng an immune driver, was used.

A few Spanish inmiigrants recently arrived at the port of Havana were received

at Camp Lazear from time to time while these observations were being carried out.

A nonimmune ])ers(jn, having once left this camji, was not permitted to return to it

under any circumstances whatever.

The temperature and pulse of all nonimmune residents were carefully recorded

three times a day. Under these circumstances any infected individual entering the

camp could be promptly detected and removed. As a matter of fact, only two per-

sons, not the subject of experimentation, developed any rise of temperature; one, a

Spanish immigrant with probable commencing pulmonary tuberculosis, who was

discharge<l at the end of three days, and the other, a Spanish innnigrant who
developed a temperature of 102.6 F. on the afternoon of his fourtli day in camp. He
was at once remove<l, with his entire beddmg and baggage, and placed in the receiv-

ing ward at Cohnubia Barra<'ks. His fever, which was marked by daily intermis-

sions for three days, subsided upon the administration of cathartics and enemata.

His attack was considered to be due to intestinal irritation. He was not permitted,

however, to return to the camp.

No noninunune resident was subjected to inoculation who had not passed in this

camp the full period of incubation of yellow fever, with one exception, to })e herein-

after mentioned.

For the purp(jse of experimentation subjects were selected as follows: From tent

No. 2, 2 noninmiunes, and from tent No. o, 'A nonimmunes. Later, 1 nonimmune in

tent No. 6 was also designated for inoculation.

It should V)e borne in mind that at the time when these inoculations were begun,

there were only 12 nonimmune residents at Camp Lazear, and that 5 of these were

selected for experiment, viz, 2 in tent No. 2 and 3 in tent No. 5. Of these we suc-

ceeded in infecting 4, viz, 1 in tent No. 2 and 3 in tent No. 5, each of whom devel-

oped an attack of yellow fever within the period of incubation of this disease. The
one negative result, therefore, was in case 2—]\Ioran—inoculated with a mosquito

on the fifteenth day after the insect had bitten a case of yellow fever on the third

day. Since this moscjuito failed to infect ca.«e 4, three days after it had bitten Moran,

it follows that the result could not have been otherwise than negative in the latter

case. We now know, as the result of our observations, that in the case of an insect

kept at room temperature during the cool weather of November fifteen or even

eighteen days would, in all probability, be too short a time to render it capable of

producing the disease.

As bearing upon the source of infection, we invite attention to the i)eriod of time

during which the subjects had been kept under rigid ({uarautine prior to successful

inoculation, which was as f(jllows: Case 1, fifteen days; case 3, nine days; case 4,

nineteen days; case 5, twenty-one days. We further desire to emphasize the fact

that this epidemic of yellow fever, which affected 33.33 per cent of the nonimmune
residents of Camp Lazear, did not concern the 7 nonimmunes occupying tents Nos.

1, 4, 6, and 7, but was strictly limited to those individuals who had been bitten by

contaminated mosquitoes.

Nothing could point more forcibly to the source of this infection than the order of

the occurrence of events at this camp. The precision with which the infection of

the individual followed the bite of the mosquito left nothing to be desired in order

to fulfill the requirements of a scientific experiment.
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In summing- up their results, at the eonehisio,. cf this report thetoUowing statement is niiide:

Out of a total of IS noniu.nu.nes whon. we have inoculated with .outan.inated
mosquitoe. since we began thi.s line of investigation 8, or 44.4 per cent, have con-
tracted yellow fever. If we exclude those individual., bitten bv n.osc.uitoes that hadbeen kept less than twelve days aft«r contamination, and whi(,h were therefore
probably mcapaole of conveying the disease, we have to rwonl 8 positive and 2
negative results—80 i>er cent.

In a still later report (May, l!»ul) Doctor Keed savs: " We have
thus far succeeded in conveyinu- yellow fever to twelve individuals by
means of the bites of contaminated mosquitoes."
The nonimmune individuals experimented upon were all fully

informed as to the nature of the experiiuent and its probable results,
and all gave their fidl consent. Fortunately no one of these brave
volunteers in the cause of science and hinnanity sutfered a fatal attack
of the disease, although several were very ill and gave great anxiety
to the members of the board, who fully appreciated the grave respon-
sibility which rested upon them. That these experiments were justifi-

able luider the circiunstances mentioned is, 1 believe, beyond (inestion.

In no other way could the fact established have been demonstrated,

and the knowledge gained is of inestimable value as a guide to reliable

measures of prevention. Already it is being applied in Cuba, and
without doubt innumerable lives will be saved as a result of these

experiments showing the precise method by which yellow fever is con-

tracted by those exposed in an ''infected locality." Some of these

volunteers were enlisted men of the United States Army and some

were Spanish immigrants who had recently arrived in Cuba. When
taken sick, they received the best possible care, and after their recov-

er^' they had the advantage of being '"immunes" who had nothing

further to fear from the disease which has caused the death of thou-

sands and tens of thousands of Spanish soldiers and inunigrants who

have come to Cul)a under the orclers of their Government or to seek

their fortunes.

The experiments already referred to show in the most conclusive

manner that the blood of yellow fever patients contains tho infectious

agent or germ to which the disease is due, and this has ])een further

demonstrated by direct inoculations from man to man. This experi-

ment was made by Doctor Keed, at Camp Lazear, upon four individ-

uals, who freely consented to it, and in three of the four a typical

attack of yellow fever resulted from the blood injection. The blood

was taken from a vein at tlie bend of the elbow on the lirst or second

day of sickness and was injected subcutaneou.sly into the four non-

immune individuals, the amount l)eing in one positive case 2 c. c, in

one 1.5 c. c, and in one 0.5 c. c In the *'ase attended with a negative

result, a Spanish immigrant, a mosquito inoculation also proved to bo

SM 1900 46
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without effect, and Doctor Reed supposes that this individual '"proba-

bly possesses a natural immunity from yellow fever." Doctor Reed

saj^s, with reference to these experiments:

It is important to note that in the three cases in which the injection of the blood

brought about an attack of yellow fever, careful cultures from the same blood, taken

immediately after injection, failed to show the presence of Sanarelli's bacillus.

Having- demonstrated the fact that j^ellow fever is propagated by

mosquitoes, Doctor Reed and his associates have endeavored to ascer-

tain whether it may also be propagated, as has been conmionly sup-

posed, by clothing-, bedding, and other articles which have been in use

by those sick with this disease. With reference to the experiments

made for the solution of this question, 1 can not do better than to

quote in extenso from Doctor Reed's paper read at the Pan-American

Medical Congress in Havana. He says:

We believe that the general consensus of opinion, both of the medical profession

and of the laity, is strongly in favor of the conveyance of yellow fever by fomites.

The origin of epidemics, devastating in their course, has been frequently attributed

to the unpacking of trunks and boxes that contained supposedly infected clothing;

and hence the efforts of health authorities, both State and national, are being con-

stantly directed to the thorough disinfection of all clothing and bedding shipped

from ports where yellow fever prevails. To such extremes have efforts at disinfec-

tion been carried in order to prevent the importation of the disease into the United

States that during the epidemic season all articles of personal apparel and bedding

have been subjected to disinfection, sometimes both at the port of departure and at

the port of arrival, and this has been done whether the articles have previously been

contaminated by contact with yellow fever patients or not.- The mere fact that the

individual has resided even for a day in a city where yellow fever is present has been

sufficient cause to subject his baggage to rigid disinfection by the sanitary authorities.

To determine, therefore, whether clothing and bedding which have been contami-

nated by contact with yellow fever patients and their discharges can convey this

disease is a matter of the utmost importance. Although the literature contains

many references to the failure of such contaminated articles to cause the disease, we
have considered it advisable to test by actual experiment on nonimmune human
beings the theory of the conveyance of yellow fever Ijy fomites, since we know of

no other waj' in which this question can ever be finally determined.

For this purpose there was erected at Camp Lazear a small frame house consisting

of one room 14 by 20 feet and known as " Building No. 1," or the " Infected cloth-

ing and bedding building." The cubic capacity of this house was 2,800 feet. It

was tightly ceiled within with "tongue and-grooved" boards and was well battened

on the outside. It faced to the south and was provided with two small windows,

each 26 by .34 inches in size. These windows were both placed on the south side of

the building, the purpose })eing to prevent, as much as possible, any thorough circu-

lation of the air within the house. They were closed by permanent wire screens of

0.5 mm. mesh. In addition sliding glass sash were provided within and heavy

wooden shutters without; the latter intended to prevent the entrance of sunlight

mto the building, as it was not deemed desirable that the disinfecting qualities of

sunlight, direct or diffused, should at any time be exerted on the articles of clothing

contained within this room. Entrance was effected through a small vestibule, 3 by

5 feet, also placed on the southern side of the house. This vestibule was protected

without by a solid door and was divided in its middle by a wire-screen door, swung on

spring hinges. The inner entrance was also closed by a second wire-screen door. In
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this way the ])a.«sao;e of moRquitoes into this room \va.s effectually excluded. During

the day and until after sunset the house was kept securelj^ closed, while by means of

a suitable heating apparatus the temperature was raised to 92° to 95° F. Precaution

was taken at the same time to maintain a sufficient humidity of the atmosphere.

The average temi)erature of this house was thus kept at 76.2° F. for a period of sixty-

three days.

Novemljer 30, 1900, the building now being ready for occupancy, three large boxes

filled with sheets, pillow slips, blankets, etc., contaminated by contact with cases of

yellow fever and their discharges were received and placed therein. The majority

of the articles had been taken from the beds of patients sick with yellow fever at

Las Animas Hospital, Havana, or at Columbia Barracks. Many of them had been

purposely soiled with a liberal quantity of black vomit, urine, and fecal matter. A
dirty "comfortaVjle" and much-soiled pair of blankets, removed from the bed of a

patient sick with yellow fever in the town of Quemados, were contained in one of

these ]x)xes. The same day, at 6 p. m., Dr. E. P. Cooke, acting assistant surgeon,

United States Army, and t\^'o privates of the Hospital Corps, all nonimmune young
Americans, entered this building and delil>erately unpacked these boxes, which had
been tightly closed and locked for a period of two weeks. They were careful at the

same time to give each article a thorough handling and shaking, in order to dissemi-

nate through the air of the room the specific agent of yellow fever, if contained in

these fomites. These soiled sheets, pillowcases, and blankets were used in prepar-

ing the beds in which the members of the Hos})ital Corps slept. Various soiled

articles were hung around the room and placed about the bed occupied by Doctor

Cooke.

From this date until December 19, 1900, a period of twenty days, this room was

occupied each night by these three nonimmunes. Each morning the various soiled

articles were carefully packed in the aforesaid boxes and at night again unpacked

and distril)uted about the room. During the day the residents of this house were
permitted to occupy a tent pitched in the immediate vicinity, but were kept in strict

quarantine.

Deceml)er 12 a fourth box of clothing and bedding was received from Las Animas
Hospital. These articles had been used on the beds of yellow fever patients, but in

addition had been purposely soiled with the bloody stools of a fatal case of this dis-

ease. As this box had been packed for a number of days, when opened and unpacked
by Doctor Cooke and his assistants, on Deceml)er 12, the odor was so offensive as to

compel them to retreat from tlie house. They pluckily returned, however, within

a short time and spent the night as usual.

December 19 these three nonimmunes were i)lace(l in (|nurantine for five days and

then given the liljerty of the camp. All had remained in perfect healtji, notwith-

standing their stay of twenty nights amid such unwholesome surroundings.

During the week, December 20-27, the following articles were also placed in this

house, viz, pajamas suits, 1; undershirts, 2; nightshirts, 4; pillow slips, 4; sheets, 6;

blankets, 5; pillows, 2; mattresses, 1. These articles had been removed from the

])ersona and beds of four patients sick with yellow fever and were very much soiled,

as any change of clothing or bed linen during their attacks had been purposely

avoided, the object being to obtain articles as thoroughly contaminated as possible.

From December 21, 1900, till January 10, 1901, this building was again occupied

t)y two nonimnume young Americans, under the same conditions as the preceding

occupants, excei)t that these men slept every night in the very garments worn by
yellow-fever patients throughout their entire attacks, besides making use exclusively

of their much-soiled pillow slips, sheets, and blankets. At the end of twenty-one

nights of such intimate contact with these fomites, they also went into ({uarantine,

from which they were released five days later in perfect health.
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Froui January 11 till January 31, a period of twenty days, " Building No. 1 " con-

tinued to be occupied by two other nonimmune Americans, who, like those who
preceded them, have slept every night in the beds formerly occupied l)y yellow-fever

patients and in the nightshirts used by these patients throughout the attack, without

change. In addition, during the last fourteen nights of their occupancy of this house

they have slept each night with their j)illows covered with towels that had been

thoroughly soiled with the blood drawn from both the general and capillary circula-

tion, on the fir.«t day of the disease, in the case of a well-marked attack of yellow

fever. Notwithstanding this trying ordeal, these men have continued to remain in

perfect health.

The attempt which we have therefore made to infect "Building No. 1" and its

seven noninunune occupants, during a period of sixty-three days, has proved an

absolute failure. We think we can not do better here than to quote from the classic

work of La Roche.' This author says: "In relation to the yellow fever, we find so

many instances establishing the fact of the nontransmissibility of the disease through

the agency of articles of the kind mentioned, and of merchandise generally, that we
can not but discredit the accounts of a contrary character assigned in medical writ-

ings, and still more to those presented on the strength of popular report solely. For

if, in a large number of well-authenticated cases, such articles have been handled

and used with perfect impunity—and that, too, often under circumstances best cal-

culated to insure the effect in (pie.stion—we have every reas(m to conclude that a

contrary result will not be obtained in other instances of a similar kind; and that

conseciuentiy the effect said to have been i)roduced by exjiosure to those articles

must, unless established beyond the jiossibility of doubt, be referred to some other

agency."

The question here naturally arises. How does a house become infected with yellow

fever? This we have atteuipte<l to solve by the erection at Camp Lazear of a se(;ond

hou.«e, known as " Building No. 2," or the "Infected Mosquito Building." This was

in all respects similar to "Building No. 1," except that the door and windows were

placed on opposite sides of the building so as to give through-and-through ventilation.

It was divided, also, by a wire-screen ]iartition, extending from floor to ceiling, into

two rooms, 12 by 14 feet and 8 by 14 feet resj)ectively. Whereas, all articles admitted

to "Building No. 1" had been soiled by contact with yellow-fever patients, all arti-

cles admitted to "Building No. 2" were first carefully disinfected by steam before

being placed therein.

On Decemlier 21, 1900, at 11.45 a. m., tluTc were set free in the larger room of tiiis

l>uilding fifteen mos<|uitoes— ('. /(7.Nc/(f/((.s-—which had previously been contaminated

l>y biting yellow-fever patients, a.« follows: 1, a severe case, on the second day,

November 27, IHOO, twenty-four days; 3, a well-marked ca.><e, on the first day, Decem-

l)er 9, 1900, twelve days; 4, a mild case, on the first day, ])eceml)er 13, 1900, eight

days; 7, a well-marked cuse, on the first day, December 16, 1900, five days—total, 15.

Only one of these insects was considered capable of conveying the infection, viz,

the mosquito that had bitten a severe case twenty-four days before; while three

others—the twelve-day insect.^—had })ossibly reached the dangerous stage, as they

liad been kept at an average temperature of <S2° F.

At 12 noon of the same day John J. Moran—already referred to as case 2 in this

report—a nonimmune American, entered the room where the mosquitoes had been

freed, and remained thirty minutes. During this time he was bitten about the face

and hands by several insects. At 4.30 p. m. the same day he again entered and

remained twenty minutes, and was again bitten. The following day at 4.30 p. m.

he, for the third time, entered the room, and was again bitten.

('((>ie 7.—On December 25, 1900, at 6 a. m., the fourth day, Moran complained of

slight dizziness and frontal headache. At 11 a. m. he went to bed, complaining of

*R. La Roche: Yellow fever, vol. ii, p. 516, Philadelphia,
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increased headache and malaise, with a temperature of 99.6° F., pulse 88- at noon
the temperature was 100.4° P., the pulse 98; at 1 p. m., 10L2° F., the pulse m and
his eyes were much injected and fac^e suffused. He was removed to the yellow-fever
wards. He was seen on several occasions by the Imar.l of experts an<l tl.e diagnosis
of yellow fever confirmed.

The period of incubation in this case, dating from the first visit to "Building No.
2," was three days and twenty-tliree hours. If reckoned from his last vi.«it i't was
two days and eighteen hours. There was no other possible source for liis infection,
as he had been strictly quarantined at Camp Lazear for a period of thirty-two days
prior to his exposure in the mosquito l)uilding.

During each of Moran's visits two noninnnunes remained in this same building,
only protected from the mosquitoes by the wire-screen partition. From December
21, 1900, till January 8, 1901, inclusive—eighteen nights—these noninnnunes have
slept in this house, only protected by the wire-screen partition. These men have
remained in perfect health to the i)resent time.

Thus at Camp Lazear of 7 nonimmunes whom we attempted to infect ])y means
of the bites of contaminated mosquitoes we have succeeded in conveying the disea.«e

to 6, or 85.71 per cent. On the other hand, of 7 nonimmunes whom we tried to

infect by means of fomites, under particularly favorable circumstances, we did not

succeed in a single instance.

It is evident that in view of our pre.sent knowledge relating to the

mode of transmission of 3'ellow fever, the preventive measures which

have heretofore been considered most important— i. e., isolation of the

sick, disinfection of clothing and bedding, and nmnicipal sanitation

—

are either of no avail oi* of comparatively little value. It is true that

yellow-fever epidemics have resulted, as a rule, from the introduction

to a previously healthy locality of one or more persons suffering from

the disease. But we now know that its extension did not depend upo!i

the direct contact of the sick with noninmmne individuals and that

isolation of the sick from such contact is unnecessary and without

avail. On the other hand, complete isolation from the agent which is

responsible for the propagation of the disease is all-important. In

the absence of a yellow-fever patient from which to draw blood the

mosquito is harmless, and in the absence of the mosquito the yellow-

fever patient is harmless, as the experimental evidence now stiinds.

Yellow-fever epidemics are terminated by cold weather because then

the mosquitoes die or become torpid. The sanitary condition of our

southern seaport cities is no better in winter than in summer, and if

the infection attached to clothing and bedding it is difficult to under-

stand why the first frosts of autumn should arrest the progress of an

epidemic. But all this is explained now that the mode of transmission

has been demonstrated,

Insanitarv local conditions may, however, have a certain influence

in the propagation of the disease, for it has been ascertained that the

species of mosquito which serves as an intermediate host for the

yellow-fever germ may breed in cesspools and sewers as well as m

stagnant pools of water. If, therefore, the streets of a city are

unpaved and ungraded, and there are open spaces where water may
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accumultite in pools, as well as open cesspools to serve as ])reedinfr

places for Culex f<wckitus^ that city will present conditions more
favorable for the propagation of yellow fever than it would if well-

paved and drained and sewered.

The question whether yellow fever may be transmitted by any other

species of mosquito than Oulex fasciatus has not been determined.

Facts relating- to the propagation of the disease indicate that the mos-

quito which serves as an intermediate host for the yellow-fever germ
has a somewhat restricted geographical range and is to be found espe-

cially upon the seacoast and the margins of rivers in the so-called

"yellow-fever zone." While occasional epidemics have occurred

upon the southwest coast of the Iberian peninsula, the disease, as an

epidemic, is unknown elsewhere in Europe, and there is no evidence

that it has ever invaded the great arid populous continent of Asia.

In Africa it is limited to the west coast. In North America, although

it has occasionally prevailed as an epidemic in ever}' one of our sea-

port cities as far north as Boston, and in the Mississippi Valley as far

north as St. Louis, it has never established itself as an endemic dis-

ease within the limits of the United States. Vera Cruz, and probably

other points on the Gulf coast of Mexico, are, however, at the present

time endemic foci of the disease. In South America it has prevailed

as an epidemic at all of the seaports on the Gulf and Atlantic coasts,

as far south as Montevideo and Buenos Ayres, and on the Pacific

along the coast of Peru.

The region in which the disease has had the greatest and most fre-

quent prevalence is bounded b}' the shores of the Gulf of Mexico, and

includes the West India Islands. Within the past few years yellow

fever has been carried to the west coast of North America, and has

prevailed as an epidemic as far north as the Mexican port of Guaymas,

on the Gulf of California.

It must not be supposed that Culex faseuttus is only found where

yellow fever prevails. The propagation of the disease depends upon

the introduction of an infected individual to a locality where this mos-

quito is found, at a season of the year when it is active. Owing to

the short period of incubation (live days or less), the brief duration of

the disease, and especially of the period during which the infectious

agent (germ) is found in the blood, it is evident that ships sailing from

infected ports, upon which cases of yellow fever develop, are not

likely to introduce the disease to distant seaports. The continuance

of an epidemic on shipboard, as on the land, nuist depend upon the

presence of infected mosquitoes and of nonimmune individuals. Under
these conditions we can readily understand why the disease should not

be carried from the West Indies or from South America to the Medi-

terranean, to the east coast of Africa, or to Asiatic seaport cities. On
the other hand, if the disease could be transmitted by infected cloth-
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ing, bedding, etc., there seems no o-ood reason why it sliould not have

Vjeen carried to these distant localities long- ago.

The restriction as regards altitude, however, probabh^ depends upon
the fact that the mosquito which serves as an intermediate host is a

coast species, which does not live in elevated regions. It is a well-

established fact that yellow fever has never prevailed in the City of

Mexico, although this city has constant and unrestricted intercourse

with the infected seaport, Vera Cruz. Persons who have been exposed

in Vera Cruz during the epidemic season frequenth' fall sick after

their arrival in the City of Mexico, ]>ut they do not communicate the

disease to those in attendance upon them or to others in the vicinity.

Evidently some factor essential for the propagation of the disease is

absent, although we have the sick man, his clothing and I)edding and

the insanitary local conditions which have been supposed to constitute

an essential factor. I am not aware that any observations have been

made with reference to the presence or absence of Oidex fascldfus in

high altitudes, but the inference that it is not to be found in such

localities as the Cit}' of Mexico seems justified by the established facts

already referred to.

As pointed out by Hirsch, "the disease stops short at many points

in the West Indies where the climate is still in the highest degree

tropical." In the Antilles it has rarel}" appeared at a height of more
than 700 feet. In the United States the most elevated locality in

which the disease has prevailed as an epidemic is Chattanooga, Tenn.,

which is 74.5 feet above sea level.

It will be remembered that the malarial fevers are contracted as a

result of inoculation by mosquitoes of the genus Anopheles, and that

the malarial parasite has been demonstrated not only in the blood of

those suffering from malarial infection, but also in the stomach and

salivary glands of the mosquito. If the yellow fever parasite resem-

bled that of the malarial fevers it would no doubt have been discov-

ered long ago, but as a matter of fact this parasite, which we now
know is present in the blood of those sick with the disease, has thus

far eluded all researches. Possibly it is ultramiscroscopic. How-
ever this may be, it is not the only infectious-disease germ which

remains to be discovered. There is without doubt a living germ in

vaccine l3'mph and in the virus from smallpox pustules, but it has not

been demonstrated by the microscope. The same is true of foot-and-

mouth disease and of infectious pleuro-pneumonia of cattle, although

we know that a living element of some kind is present in the infec-

tious material by which these diseases are propagated. In Texas

fever of cattle, which is transmitted by infected ticks, the parasite is

very minute, but by proper staining methods and a good miscroscope

it may l)e detected in the interior of the red blood corpuscles. Doc-

tors Reed and Carroll are at present engaged in a search for the
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3'ellow fever germ in the blood and in the l)odies of infected mosqui-

toes. What success may attend their efforts remains to be seen, but

at all events the fiuidamental facts have lieen demonstrated that this

germ is present in the blood, and that the disease is transmitted l)y a

certain species of mosquito

—

C. faxciatus.

The proper measures of prophylaxis, in view of this demonstration,

are given in the following circular, which was submitted for my
approval by the chief surgeon. Department of Cuba, and has recently

been published by the commanding general of that department, who,

until quite recently, was a member of the Medical Corps of the Army.

CiRCCLAK, \ IIead(}uarters Department of Cuba,
No. 5. i Havana, April 21, 1901.

Upon the recoimneiulatioii of tlu' AVxA surgeon of the dei)artnient, the followmg

instructions are pul)hshe(l ami will he strictly enforeed at all military posts in this

department:

The recent exj)eriments made in Havana hy the Medical Dejiartmeiit of the Army
having pntved that yellow fever, like malarial fever, is conveyed chiefly, and ])roh-

ahly exclusively, hy the hite of infected mostjuitoes, important changes in the meas-

ures used for the prevention and treatment of this disease have hecome necessary.

1. In order to prevent the hreedingof niostjuitoes and protect officers and men
against their bites, the provisions of (ieneral Orders, No. (i. Department of Cuba,

December 21, 19(X), shall he carefully carried out, especially during the summer and

fall.

So far as yellow fever is concerned, infection of a rorim or huilding simply means
that it contains infected mos(|uitoes; that is, mos(piit(jes which have fed on yellow

fever patients. Disinfection, therefore, means the emi)loyment of measures aimed at

the destruction of these mo.«(|uitoes. The most effective of these measures is fumiga-

tion, either with sulphur, formaldehyde, or insect jiowder. The fumes of sulphur

are the quickest and most effective insecticide, but are otherwise objectionable.

Formaldehyde gas is quite effective if the infected rooms are kept closed and sealed

for two or three hours. The smoke of insect powder has also been proved very use-

ful; it readily stupefies mosquitoes, which drop to the floor andean then be easily

destroyed.

The wasiiing of walls, floors, ceilings, and furniture with disinfectants is unnecessary.

8. As it has V)een demonstrate*! that yellow fever can not be conveyed by fomites,

such as bedding, clothing, effects, and l)aggage, they need not be subjected to any
special disinfection. Care should l)e taken, however, not to remove them from the

infected rooms until after formaldehyde fumigation, so that they may not harbor

infected mosquitoes.

Medical othcei's taking care of yellow-fever patients need not be isolated; they can

attend other patients and associate with nonimnmnes with perfect safety to the gar-

rison. Nurses and attendants taking care of yellow-fever patients shall remain iso-

lated, so as to avoid any possil)U' danger of their conveying mosquitoes from patients

to nonimmunes.

4. The infection of mosquitoes is most likely to occur (hiring the first two or three

days of the disease. Ambulant case.s—that is, patients not ill enough to take to their

beds and remaining unsuspected and unprotected—are probably those most responsi-

ble for the spread of the disease. It is therefore essential that all fever cases should

be at once isolated and so protected that no mosquitoes can possibly get access to them
until the nature of the fever is positively determined.

Each post shall have a "reception ward" for the admission of all fever cases and

an "isolation ward " for the treatment of cases w hich prove to be yellow fever. Each
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ward shall be made mosquito-proof by wire iiettinfi over doors and windows, a ceiling
of wire netting at a height of 7 feet above the floor, and mos(]uito bars over the beds.
There should be no place in it where mosquitoes can seek refuge, not readily accessi-

ble to the nurse. Both wards can be in the same building, provided they are sepa-

rated by a mosquito-tight partition.

5. AD persons coming from an infected locality to a post shall he kept under care-

ful o))servation until the completion of five days from the time of possible infection,

either in a sjiecial detention camp or in their own quarters; in either case their tem-
perature should be taken twice a day during this period of observation, so that tliose

who develop yellow fever may be placed under treatment at the very inception of

the disease.

6. Malarial fever, like yellow fever, is communicated by mosquito bites, and there-

fore is just as much of an infectious disease and requires the same measures ol pro-

tection against mosquitoes. On the assumption that mosquitoes remain in the

vicinity of their breeding places, or never travel far, the prevalence of malarial fever

at a post would indicate want of proper care and diligence on the i)art of the surgeon

and commanding officer in complying with General Orders, No. 6, Departnu-nt of

Cuba, 1900.

7. Surgeons are again reminded of the absolute necessity, in all fever cases, to keep,

from the very beginning, a complete chart of pulse and temperature, since such a

chart is their best guide to a correct diagnosis and the proper treatment.

By command of Major-General Wood:
H. L. Scott, Adjiitdid-Gi'tuTdl.





PSYCHICAL RESEARCH OF THE CENTURY.'

I\v Andrew I^ang.

It is difficult even to give a name to the subject of this essay. The
word "psychical " seems to beg- the question, and to insinuate tliat there
is such a thing as iipsyche, orsoul, distinguished from the ordinary intel-

lect. As a matter of fact, psychical research is only an inquiry as to

whether there be any faculties and phenomena to which, for lack of a

better name, the term "psychicaP' may be applied. That there are

such faculties and such phenomena has been the belief of the majority

of mankind in all known ages. A singular uniformity marks th(> Ix^liefs

(or superstitions) of all periods, races, and conditions of culture.

This uniformity, of course, does not, as Dr. Johnson inferred, amount
to proof. Curiosity and love of excitement, wearied with the " natural

"

(that is, accustomed) i-ound of events, had only to imagine exceptions

to everything normal; and "miracles" of uniform character were at

once asserted. A dead man does not walk about; deny this—and

ghosts walk. People can not be in two places at once; deiu' this—and

you have "bilocation." Men do not %; den}^ this—and you have

"levitation." The future and the remote are dark to all; deny this

—

and you invent every branch of prophecy, seership, and clairvoyance.

Inanimate objects are never spontaneously volatile; affirm the oppo-

site—and you are confronted with the "physical phenomena" of

"spiritualism." Fire always burns objects subjected to its action;

affirm the opposite—and you come to Shadrach, Meshach, and Abed-

nego. Thus the uniformity of the beliefs in such marvels is very

readily explained.

But the explanation becomes more difficult \\hen you ha\e to

deal, not with savage mythology and civilized folk-lore, but with

the attested experiences of educated modern men and women.

They have witnessed one or other of these marvels, or so they per-

sist in averrmg. Their experience has been identical with that of

savages and barbarians; with that of classical antiquity; with that

of saints, witches, and members of the Royal Society at the time

of the Restoration. This fact is so puzzling that, at ditferent periods.

1 Copyright, 1901, by New York Evening Post Company. Reprinted from The

Evening Post,' January 12, ]901, l)y special permission of G. P. Putnam's Sons.
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educated persons have investigated the evidence for the reported

marvels. In the Alexandria of the fourth Christian century. Por-

phyry; in the Enoland of Charles II, Glanvill, More, Baxter, and

Boyle; in the America of 1680-1720, the Mathers; in the Germany of

1760-1S3O. Kant and Hegel: in the France of 17S0-1830, various

learned ))()dies, took pai't in these investigations. Little that can

l)e reli(>d on was discovered. The resear<'h(\s wvw usually utuue-

thodical, often prejudiced, often superstitious. ( )nly in the last twenty

years has iiuiuiry been methodical, skeptical, and persistent. The

practices of Mesmcr at the end of the eighteenth eentury opiMied the

way. They interested, in the nineteenth century, the Schellings,

Hegel, and Hitter. Hegel believed in clairvoyance, in Avhat is called

teh^pathy (the action of distant mind on distant mind, tlirough no known
channel of sense), and in the di\ining-rod. Foi' all these things he

found a place in his "Philosophy of Spiiit." Tlie theory which

explains what we call facts of hyi)notism by •'animal magnetism*' was

accepted, or at least many of the mar\els of this kind wei-e accepted,

in a report of a scientific French committee in 1831. But the report

was ]>urked. and the topic was banished to keep company with the

oi'ig-in of language and the scjuaring of the circle. Yet the topic- kept

recurring, and the "magnetic sleep" was vouched foi- by Dr. Elliotson.

About 18-lI-l.S-ir), Braid of ]\Ianchestei- introduced the word "'hypno-

tism," to cover the })henomenaof induced s()nmaml)ulism. He proved

that tile old theory of a magnetic efflux from the operator was super-

fluous, and that the sleep, with all its peculiarities of hallucination

and of submission to tlu^ will, could be induced in a variety of me-

chanical ways. The patient could be made insensi})le to pain, and only

the introduction of chloroform checked the use of hypnotism in sur-

g-ical operations. It was also shown that the mind of the hypnotic

patient could be so influenced as to affect his Ixjdy, and, at least in

nervous and hysterical diseases, to exercise a healing influence. These

discoveries, obviously, explain many of the stories of witchcraft, of

healing miracles, and of ''glamour,"" or the induced false perceptions,

which were part of the stock in trade of conjurers in the Middle Ages
and the seventeenth century.

So far, I think, these inquiries have undeniably reached solid

ground, and have cleared up the obscure subject of witchcraft. The
onl}- question is one of degree. How far are the stranger phenomena
of h} pnotism, such as the suggestion of sleep from a distance, based

on good evidence? In the middle of the century Drs. Gregory and

Mayo, in two interesting works, investigated the amount of truth

involved in popular superstitions. They accepted clairvoj^ance and

successful cr\'stal-gazing. that world-wide practice. Meanwhile, many
ph3'sicians and others w^orked at the topic of hallucinations of the

senses, both in the sane and the insane. A few of them brought for-
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ward ca.s(^s of pi-emoiiitoi-y di-euin.s and tolepathic incid(mt8, which
they professed to be unable to explain away. The subjects of a cer-
tain Major Buckley (1S4()-1S5()) were deemed to be peculiarly clair-
voyant, and the anecdotes, in one or two cases, have good evidence.
The case of "Queen Mary^s Jewels'' (criticised in my ^'Book of
Dreams and Ghosts -) has, at all events, romantic historical interest.
In 1848 a very old set of l)eliefs was moved into new life. The noises
and disturbances in the family of the Foxes at Hydeville were only
a link in an historic chain of similar alleged occurrences. They are
of rather luore than dubious authenticity, liut they were the heg-imiino-

of modern "Spiritualism," with nmnberless impostures. The chief

thaumaturge and prophet of the movement was Daniel Dunglas Home
(his palmy years were 1855-1S65), who had a singular career of social

and magical successes in the courts and literary society of Europe.
Few feats of savage, or Neoplatonic, or saintly wonder-workers were
absent from his repertoire, and living men of the highest eminence in

physical science are still wholl}' unable to explain what they saw of

his performances. I have known but one case in which, on first-hand

evidence, imposture was attributed to him. But a jury practically

found him guilty of cajoling a silly old woman out of her money.

That is the blot on Home's escutcheon; for the rest, the great mass of

unpul)lished letters to him from mau}^ distinguished correspondents

attest his inexplica))le success. He was not a clever man, and. had he

not l)een a "medium," would have been a reciter and musician of the

drawing-room. Other "mediums" on the same lines have been

nunun-ous; few, if any, professionals have escaped exposure. Mean-

while, the theory of the feats, that they are caused by "spirits," is

now almost conlined to the half educated.

Much, at this time, was Avritten about "table turning." This is a

form of automatism familiar to most savage races. A person, or

persons, touch a table, a stick, a pencil, or what not; the thing moves

under no conscious muscular action of theirs, and gives responses to

questions by its movements, in a variety of ways. These responses

are sometimes correct, though unknown to the operators. Dr. Car-

penter explained these things by a theory of "unconscious cerebra-

tion." Every one will admit that many things are registered in the

mind of whicb the ordinary consciousness is not aware. Many thmgs

once present to consciousness are forgotten. Again, a person speaks

to you when vour mind is engaged. You know nothing, consciously,

of what has been said, yet it is registered in the brain. The theory,

then, is that the "unconscious," or "subliminal," or -subconscious"

self expresses its knowledge through unconsciously exerted nuiscular

movements. But the phenomena were often ascribed to tli.> action of

"spirits" The philosophy of the unconscious, or subconscious,

studied by Kant and brought to England by Sir William Hamilton,
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had not attracted attention in Enj^land, P.sAchieal research, investigat-

ing automatics actions, has enlarged our knowk^dge of this ol)scure

topic.

After the '^spiritualistic" ^\ave had ex})ended itself, at least among
the educated, a society was formed in P^ngland, "The Society for

Psychical Kesearch," to investigate the whole mass of reported super-

normal phenomena. The founders, about 1880, were a group of

Cambridge scholars, the late Mr. Edmund Gurney, Mr. Frederick,

and Mr. Arthur Myers, the late Professor Sidgwick, Mr. Podmore,

and others. Many men of science, such as Sir William Crookes, Prof.

Balfour Stewart, Prof. Oliver Lodge, the late distinguished electrician,

Professor Hertz, with Lord Tennyson, IVIr. A. J. Balfour, M. P.,

Mr. Gladstone, and a number of British and continental savants, lent

their names and a portion of their energ}' to the societ3^ In the

American branch Prof. William James, with others, represents official

psychology. The object of the society was to collect and cross-

examine tirst-hand evidence for the ancient alleged phenomena called

"ghosts," "wraiths," "haunted houses," clairvoyance, premonitions,

"spiritualistic distur))ances," and .so forth. The society thought that

ideas of such old standing and wide difl'usion, and reported modern
experiences in the same kind, ought to be scientiticall}' examined.

Experiments were also to be mad(\ The leaders were men familiar

with the science of psychology and of the ])rain. Mr. Myers and Mr.

Gurney especially conducted a long and careful series of experiments

in hypnotism. Mr. Gurnev pu))lished a very learned essav on " Hal-

lucinations of the Senses." Meanwhile Mr. (iurney, especially, with

Mr. Myers, Mr. Podmore, and Mr. and Mrs. Sidgwick, collected all

availalde first-hand evidence for '"ghosts" of the dead and "wraiths"

of the living or dying. The personal examination of witncss.ses and

of corroboratives evidence was j)ursued with minute and conscientious

car(».

Moreover, many cxperinuMits were made in ""thought transfei'cnce."

One i)ers()n. say, thinks of a diagram, a i)icture, a card, or what not,

which another person, carefully excluded from sensible contact with

the tirst, ench'avors to reproduce. The results often seemed highly

successful, and experience enabled the experimenters to discover and

eliminate such causes as "unconscious whispering," as well as to detect

some methods of fraud. Having convinced themselves that the trans-

ference of thought, not by any recognized channels of the senses, was

a possibility, even when the experimenters were not in the same room,

the investigators applied their discovery to their great collection of

" ghosts" and "" wraiths." The results were published in two large vol-

umes, called "Phantasms of the Living." The argument, put briefly,

was that the mind or brain of a person in a crisis, notabl}' in the crisis

of death, could afl'ect by visual, audible, or other hallucinations of
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various kinds and degrees the mind or brain of another person at a
distance. This was a mere development of the idea of vohintary and
experimental thought transference by no recognized channel of sense.
These conclusions, if accepted, account for the universal belief in death
wraiths. But of course an obvious difficulty arises. Many sane and
temperate people have had experience of the halhuunation Uiat a dis-
tant person is present, when that person turns out to ha\e been in
perfect health and in no crisis at all. Therefore, we nmst ask. Do the
hallucinations which coincide with a death or other crisis coincide >)y

mere accident and so afford no evidence for the action of mind on dis-

tant mind^ Without an enormous census, this question can not be
decided. The society, however, collected more than 17,000 answers to

a list of questions, and the conuuittee satisfied -themselves that, on this

body of testimony, the hallucinatory appearances (-oincided with the

death of the person who seemed to appear -i-tO times more often than
ought to be the case by the law of probabilities. They pronomiced
that "between deaths and apparitions of the dying a connection exists

which is not due to chance alone.'' This position has been attacked by

Dr. Parish in his "'Hallucinations and Illusions."

The society, as a society, expresses no opinion, Init the committee of

the society, for their part, decided that "wraiths'' are coincidental, or

veridical, hallucinations produced by some unknown mental or cerebral

process, called, provisionally, "telepathy"—sensation from a distance.

Whether the process is "physical," and caused by the molecular action

of on(^ l)rain upon another distant and recipient brain (as in "wireless

telegraphy"), or whether the process is "psj'chical.'' and involves the

action of a niA'^sterious psychical faculty, there is no means of deciding.

But if we admit that there are phantasms of the dead, not being mere

casual hallucinations, then we nuist conceive the pi'ocess to be psychical:

the hrain of the dead being dust, the "soul" must be the agent. Of

phantasms of the dead or "ghosts," the society has collected numer-

ous examples at first hand. On tlie hypothesis already explained, these

appearances would l)e caused l)y the action of the disincarnatc vipon

the living mind But hoAV can it ))e proved that the phantasm is no

mere empty hallucination or illusion, begotten subjectively by grief,

by association of ideas, or by a casual arrangement of light and shaded

We have in the case of the dead no coincidental crisis of their own to

appeal to, as in the case of phantasms of the living. The only possi-

ble test is the communication by the phantasm of knowledge otheiwise

unattainable by the percipient.

The modern ghost seldom speaks, and the knowledge is indirectly

communicated. One or two examples are needed. Thus., residing in

a house in Switzerland, a lady saw a phantasm exactly like the por-

traits of Voltaire. She then learned, for the first time, that she occu-

pied what had been Voltaire's room. But had she not known about
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Voltaire's connection with tiio house, iind forgotten!! Again, a young
Aniei-ican. when making u)) his l)ooks in a hotel, sees the phantasm of

his (lead sister, with a long scratch on her cheek. His mother tells

him what sh(^ had kept secret, that she herself accidentally scratched

the cheek of the corpse, as she arranged flowers in the cofhn, and that

she concealed it by aid of powder. Rut. granting telepathy, was not

the phant^ism a ])rojecti()n from the mind of the mother, who knew the

fact!! It is plain that telepathy, if accepted, makes it almost impos-

silde for a ghost to })rove his identity. He can do this only by com-

municating knowledge contained in no incarnate mind, but afterwards

discovered to exist in some long-lost document oi- other source of (evi-

dence. The nearest ap{)roach known to me to such a thing is in the

c-ase of Queen Marv's secret jewels, (rregory published a *' vision'' of

the.se jewels, with many attendant circumstances, beheld hy a hypno-

tiz(Hl young man. Several years later was discovered, in a heap of old

law papers in the Scottish Register House, an inventory of Queen
Mary's jewels. Still later the inventory was pul)lished by Dr. Joseph

Kol»ert^on. I compai'ed the iin'cntory with the account of the vision

and the results were, to a consideral>le degree, corroborative. But

corro))oration of this kind, in the nature of the case, must be very rare.

Thus any knowledge contributed l)v a .seeming ])hantasm of the dead

may be ex})lained away by a sweeping theory of telepathy. 'Vho phan-

tasm makes you awar(> of this or that fact, which is verified. But, if

the xcrifving evidence may conceivably have become known, say to a

(ierman savant working in the Sultan's lil)rary, then it may be urged

tha'i the (xerman savant unconsciously "wired on" his information

to you in the .shape of an halluciniition. This theory is not easily

accepted, but it may i)e more credil)le than the hypothesis of an hallu-

cination caused l>y a disincarnate mind.

As to ''haunted hou.ses," the society has occupied many, to little

purpose, (ihosts. indeed, are seen, and astonishing noises are heard

by such members of the investigating parties as are in the wa}' of

experiencing hallucinations wherever they go. But that proves noth-

ing. I myself stayed for a week in a ''haunted house," Avhence the

noises had evicted a large shooting party, but nothhig beyond the nor-

mal swam into ni}^ ken. To be sure, I had asked for as quiet a room

as possible—I certaiidy got it. As far as the researches of the society

go, the ghosts retreat before them, whereas, on the theory that the

society are superstitious fools, they ought to see ghosts in exceeding

abundance l)y dint of expectation. It would appear that haunted

houses are local centers of a permanent possibility of hallucination.

Thus in an old house at St. Andrews a cheerful famil}^ last year con-

stantly met an unknow' n lady on the stairs. She always went into the

same room, but never was found there when pursued. The clieerful

family regarded her as a pleasing peculiaritv of the mansion. This
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anecdote leads to the ditficult topic of -collective hallucination;' a.s

when a number of persons similarly situated are similarly and snnul-
taneously hallucinated. The causes remain a puzzle. Are all affected
by an external cause or does one person "wire on" his hallucinations

to the others?

It will be observed that this theory of hallucination gets rid of the

old puzzle: *"How about the clothes of the g-hostT' Clothes have no
u-liosts, yet I have heard of only one ghost without clothes (on the evi-

dence of the report of a criminal trial in 1753). The new theory

simply explains that there is neither ghost nor clothes in the case; the

hallucination merely includes clothes for the sake of decency or

because the agent, the mind which affects the percipient's mind, thinks

of himself as dressed *' in his habit as he lived.''

While the society, advancing from the experimental thought trans-

ference to telepathy, has more or less explained "wraiths" and has

perhaps suggested a conceivable theory of "ghosts" in the region of

spiritualistic material phenomena, as of volatile articles of furniture,

it has found no certaint3\ Experiments with paid "mediums" have

invariably resulted in the detection of imposture, notably in the case

of Slade and of Eusapia Paladino. But it is fair to say that some

thinkers even now believe that Eusapia occasionally gets her effects

without cheating. In the cases of amateur mediums many things told

on evidence unimpeachable in worldly matters are certaiidy hard to

explain. For a number of years a Mrs. Piper, a citoyenne of the

United States, has been closely studied by the learned, as by Prof.

William James, Dr. Hodgson, and Prof. Oliver Lodge. Her specialty

is to convey, by writing or word of mouth, " messages from the dead."

Vast reports on Mrs. Piper have been edited by Dr. Hodgson, cer-

tainly a clear-headed and skeptical observer, who exposed Eusapia

Paladino an! Madame Blavatsky. As at present advised, Di-. Hodg-

son expresses his belief that the dead do communicate through Mrs.

Piper. Others hold that the "communicators" are only "secondary

personalities" of the lady, and that when she does hit on facts not

normally knowable by her she owes the information to telei)athy.

How is the reverse to be proved? How can she comnuu.icat.- matter

at once capable of veriiication and yet unknow.i to any bvmg nnnd^

This is the old difficulty which besets spirits of the dead.

On the whole, psvchical research has, I think, shown that there is a

real element of obscure mental facidty involved in the - superstitior.s

of the past and present. It has also made some discoveries ot practi-

cal value in hvpnotism and the treatment of hysteria. t streng hens

the opinion that science has not yet exhausted all attan.able knowledge

about the constitution of man.

SM 1900 1:7





THE NEW SPECTRUM.

By S. P. Langley.'

The writer (at the conchidino- meeting of the National Academy of

Sciences on April 18) remarked on the disadvantages in the matter of

interest of the work of the physicist, which he was about to show them,

to that of the biologist, which was concerned with the ever absorbing

problem of life. He had, however, something which seemed to him
of interest, even in this respect, to speak of, for it included some indi-

cations he believed to be new, pointing the way to future knowledge

of the connection of terrestrial life with that physical creator of all

life, the sun.

He had to present to the academ}^ a book em})odying the lal)or of

twenty 3'ears, though at this late hour he could scarcely more than

show the volume with a mention of the leading captions of its subject.

AVhat he had to say then would be understood as only a sort of intro-

ductory description of the contents of the work, in question, which

was entitled ''Volume I of the Annals of the Astrophysical Observa-

tory of the Smithsonian Institution."

In illustration of a principal feature of this book, the academy saw

before them on the wall an extended solar spectrum, only a small por-

tion of the beginning of which, on the left, was the visible spectrum

known to Sir Isaac Newton. This was the familiar visible colored

spectrum which we all have seen and know something of, even if our

special studies are in other fields.

It is chiefly this visible part, which has been hitherto the seat of

prolonged spectroscopic investigation, fi-om a little beyond the \iolet,

at a wave-length of somewhat less than O.-i'^ down to the extreme red,

which is generally considered to terminate at the almost invisil)le line

A, whose wave-length is 0. 7()^ On the scale of the actual wave-length

of light, then, where the unit of measurement (l*^) is one one-thou-

sandtli of a millimeter, the length of the visible spectrmn is o.85^

The undue importance which this visible region has assumed, not

onlv in the eves of the public, but in the work of the spectroscopist, i.s

easily intelligible, ])eingduej3ni^^ to the evident fact that we all

'Abstract of a paper read before the National Academy of Sciences at it« Wash-

ingtou meeting April 18, 1901.
^^y^
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possess, Jis n g-ift from nature, a wonderful instrument for noting the

sun's energy in tliis part, and in this part only.

While, then, this part alone can be seefi by all, yet the idea of its

undue importance is also owing to the circumstanee that the opei'ation

of the ordinary prism gives an immensidy extended linear depiction of

the really small amount of energ}^ in this visible part. There is also

a region b(\vond the violet, most insignificant in energy and invisible

to the eye, and the association of this linear extension due to the pi'ism,

with the accident that the salts of silver used in photography are extraor-

dinarily sensitive to these short wave-length rays, so that they can

depict them even through the most extreme enfeel)lement of the energ}'

involved in producing them, also makes this part have undue promi-

nence. This action of the ])rism and of the ])hotogi'aph is Ux-al. th(>n,

and peculiar to the short wave-lengths: and owing to it, all but special

students of the subject are, as a rule, und(>r a wholly erroneous impres-

sion of the relative importance of what is visible and what is not.

The spectrum has really no positi\e dimension, being extended at one

end or the other according to the use of the prism or grating employed

in producing it. Pei'haps the only fail" nunisurement for displaying a

linear representation of the energy would be that of a special scheme,

which the writer had proposed, in which the energy is everywhere the

same;* ])ut this presentation is umisual and would ixoj: be generally

intelligil)le without explanation. ^

The map before us will be intelligible when it is stated that it is, as to

the infra-red, an exact representation of that part of the spectrum

given by a rock-salt prism. The visible and ultra-violet spectrum

given here is not exact, for the reason that it would take nearly a hun-

dred /k?^ of map to depict it on the prismatic scale, though this is caused

by but a small fraction of the sun\s energy; so monstrous is the exag-

geration due to the dispersion of the prism.

Looking, then, at the map: First, in the spectvum on the left and

beyond 0.4^ is the ultra-violet region, in fact almost invisibly small, but

which in most photographs shows almost a hundred times larger than

the whole infra-red. It really' contains much less than one-hundredth

part of the total solar energy which exists. Beyond it is the visible

spectrum, containing perhaps one-tifth the solar energ3\

As the writer has elsewhere said, "the amount of energ}'^ in any

region of the spectrum, such as that in any color, or between any two

specified limits, is a definite quantity, fixed by facts, which are inde-

pendent of our choice, such as the nature of the radiant body or the

absorption which the ray has undergone. Be\'ond this Nature has no

law which must govern us."

Everything in the linear presentation, then, depends on the scale

adopted. In other words, if we have the lengths proportionable to the

'American Journal of Scienre, III, xxvii, p. 169, 1884.
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energie.s, the familiar prismatic representation enormoasly exao-o-erates
the importance of the visi hie, and still more of the ultra-violet recTion, and
similarly the grating spectrum exaggerates that of the infra-red reJion.
Now he had given, on the map ])efore them, and through the whole infra-
red, the exact rock salt i)rismatic spectrum, but for the purpose of
obtaining a length which represented (though insufficiently) that of
the visible spectrum, he had laid the latter down on the aiumg.' dis-

persion in the infra-red, which was perhaps as fair a plan as could be
taken for showing the approximate relation of the two fields of energy
in an intelligible way, though it gave the visible energy too small.

Let us recall, then, at the risk of iteration, that in spite of the
familiar extended photographic spectra of the hundreds of lines

shown in the ultra-violet, and in those of the colored specti-um, it is

not here that the real creative energy of the sun is to be studied, l)ut

elsewhere, on the right of the drawing, in the infra-i-ed. Looking to

the spectrum as thus delineated, next to the invisibly small and weak
ultra-violet, comes the visible or Newtonian spectrum, which is here

somewhat insufficientl}^ shown, and on the right extends the great

invisible spectrum in which four-fifths of the solar energies an; now
known to exist.

Of this immense invisible region nothing was known until the year

1800,^ when Sir Williaiu Herschel found heat there with tiic ther-

mometer.

After that little Avas done" (except an ingenious experhnent by Sir

John HerscheP to show that the heat was not continuous) till the

first drawing of the energy curve by Lamansky.* in 1871. which,

on account of its great importance in the history of the sul)ject, is

given on the map. It consists of the energy curves of the visible

spectrum, and beyond it, on the right (and in illustration of what has

just been said it will be seen how relatively small these latter appear),

of three depressions indicating lapses of heat in the infra-red. It is

almost impossible to tell what these lapses are meant for, without a

1 Philosophical Transactions, vol. xc, p. 284, 1800.

2 It shonld, however, be mentioned that an important paper by Draper (T.ondon,

Ed. Dublin Phil. Mag., May, 1843) was published in 1843, in which he appeai-s to

claim the discovery of the group here called p6v and which is now known to have

a wave-length of less than \^ . (Its true wave-length was not determined tdl nmcli

later ) Later, Fizeau seems to have found further irregularities of this lieat a.H long

ago as 1847, and of its location, obtaining his wave-lengths by means of interference

V)ands. His instrumental processes, though correct in theory, were not exa.-t_ in

practice; and vet it seems pretty clear that he obtained some sort^ of recognition

of a something indicating heat, as far down as the great region immeduiteiy above D.

on our present charts. Mouton (Comptes Rendus, 1879) contirmed this ..bservatioi,

of Fizeau's and contrived to get at least an approximate wave-lengtli ut the point

where the spectrum (to him) ended, at about 1.8a' .

» Philosophical Transactions, vol. cxxx, p. 1, 1840.

*Monatsberichtederk. Akademie der Wissenschaften /.u berlin, Dcvmber, is.l.
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scale of some kind (whicli he does p.ot furnish), hut tlu'V j)rol>:il)ly indi-

cate something, goiny- down to near a w:iv(»-leno-th of 1^. It is obvious

that the detail is of th(> very crudest, and yet this drawing- of Lamansky's

was remarkahh' as the lii'st drawing of tlie energy spectrum. It at-

tracted general attention, and was the immediate cause of the writer's

taking up his researches in this direction.

It seems proper to state here that the true wave-lengtlis were at

that tiujc most imperfectly known. l)ut that in 1884. and later in 1885,'

they were coniplet(dy determined 1)V the writer as far as the end of

what he has called "the new spectrum" at a wave-length of 5.3".

The upper portion of thi^ i?ifra-red is ({uite accessible to photog-

raphy, and the next impoi-tant publication in this direction was that

of Captain (now Sir \\'illiam) Abnev." which gave the photographic

spectrum down to about l.l". nuich l)eyond which photography has

never mapped since.

From the time of seeing Lamansky's drawing, the writer had grown
interested in this work, but found the thermopile, the instrument of

his predecessors, and the most delicate then Known to science, insuffi-

cient in the feelile heat of the grating spectrum, and about 1880 he

had inventeil the bolometer ' and was using it in that year for these

researches, 'J'his may perhaps seem the place to speak of this instru-

ment, though w ith the later developments which have made it what it

is to-day. it has grown to something very diti'erent from what it was

then.

It has, in fact, since found very general acceptance among i)hysicists,

especially since it has lately reached a degree of accuracy, as well as of

delicacy, which would liii\t' appeared iin])ossible to the inventor him-

self in its early days.

It may be considered in sev'eral relictions, but notably as to three:

(1) Its sensitiveness to small amounts of heat; (2) the accuracy of

measurement of those small amounts; and (8) the accuracy of its meas-

urements of the position of the source of heat.

As to the first, it is well known that the principle of the instrument

depends on the forming of a Wheatstone bridge, by the means of two

strips of platinum or other metal, of narrow' Avidth and still more

limited thickness, one of which only is exposed to the radiation. In

some bolometers in use, for instance, the strip is a tenth of a milli-

meter, or one two-hundred-and-tiftieth of an inch in width; and yet it

is to be described as only a kind of tape, since its thickness is less than

a tenth of this.

The use of the instrument is then based on the well-know'n fact that

the heating of an ordinary metallic conductor increases its resistance,

^American Journal of Science, March, 1884, and August, 1886.

^ Philosophical Transactions, vol. clxxi, p. 653, 1880.

* Actinic balance, American Journal of Science, 3d series, vol. xxi, j). 187, 1881.
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and this law i.s found to hold o-ood in quantities so small that they
approach the physically inlinitesimal. In the actual bolometers. fJr
instance, the two arms of a Wheatstone bridge are formed of two
strips of platinum, side by side, one of which is exposed to the heat
and the other sheltered. The warming of the exposed one increases
its resistance and causes a deflection of the galvanometer.

It was considered to be remarkal)le twenty years ago that a change
of temperature of one ten-thousandth of a degree Centigrade could be
registered; it is believed at present that with the consecutive improve-
ments of the original instrument and others, including those which
Mr. Abbot, of the Smithsonian Institution Observatoiy, has hitoly

introduced into its attendant galvanometer, less than one (me-hundr,'d-

miUionth of a degree in the change of temperature of the strip can
be registered. This indicates the sensitiveness of the instrument to

heat.

As to the second relation. scM.ie measures have been made on the

steadiest light source obtainable. With ordinary photometric meas-

ures of its intensity one might expect a probable error of about 1 per

cent. The error with the bolometer was insensible by any means that

could be applied to test it. It is at an}" rate less than two one-

hundredths of 1 per cent. If we imagine an absolutely invisible spec-

trum, in which there nevertheless are interruptions of energy similar

to those which the eye shows us in the visible, then the bolometer,

whose sensitive strip passes over a dark line in the spectrum, visible

or invisible (since what is darkness to the eye is cold to it), gives a

deflection on the side of cold, and in the warmer interval between two

lines a deflection on the side of heat; these deflections being propor-

tionate to the cause, within the degree of accuracy just stated.

The third quality, the accuracy of its measures of position, is better

seen by a comparison and a statement, for if we look back to the indi-

cations of the lower part of Lamansky's drawing we may see that at

least a considerable fraction of a degree of error must exist there in

such a vague delineation. Now, in contrast with this eaily record, the

bolometer has been brought to grope in the dark and to thus feel the

presence of narrow Fraunhofer-like lines by their cooler temperature

alone, with an error of the order of that in refined astronomical meas-

urement; that is to say, the probable error, in a mean of six observa-

tions of the relative position of one of these invisible lines, is less than

one second of arc: a statement which the astronomer, pr-rhaps, who

knows what an illusive thing a second of arc is. can best appreciate.

The results of the writer's labors with the bolometer in the years

18S0 and 1881, and in part of his expedition in the latter year to .Mou.it

Whitney, were given at the Southampton meeting of the British .Asso-

ciation for the Advancement of Science in 1882.^ During these two

1 Eeport British Association, 1882. Mature xxvi, 1SS2.
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3'ear.s very many thousand o-ahanonieter readings wore taken, by a

most tryingly slow process, to give the twenty or more interruptions

shown at that time. l)elow the limit of 1.1'" of Abney's photographs.

The bolometer has been called an eye which sees in the dark, l)ut at

that time the "eye" w^as not fairly open, and having then not been

brought to its present rapidity of use, the early results were attained

only b}' such unlimited repetition, and almost intinite patience was

needed till what was inaccurate was eliminated.

Several luindreds at least of galvanometer readings were then taken

to establish the place of eacJt of the above twenty lines during the two

years when they were being hunted for, and this patience so far found

its reward that they have never required any material alteration since,

but only additions such as the writer can now give. The part ))elow

1.1^ he then presented (at the Southampton meeting of the British

association) as having been mappc^d for the first time. Mouton had

two years before obtained crude indications of heat as far as LS*^, and

Abney had. as stated, ol)tained relatively complete photographs of

the upper infi-a-red extending to about this point (1. 1'").

Tiie writer had already determined for the first time by the l)olometer,

at Allegheny and on Mount Wliitney, the wave-lengths of some much
remoter regions, including, in part, the region then first discovered by

him and here called ''the new spectrum," and was able to state that

the terminal ray of the solar spectrum, whose presence had tJiev l)een

certaiid^' felt by the bolometer, had a wave-length of al)out y.S'^, or

nearly two octaves below the "great A" of Fraunhofer.

He stated in this conununit'ation of 1882 that the galvanometer then

responded readily to changes of temperature in the bolometer strip, of

much less than one ten-thousandth of a degree Centigrade, (as has just

l)een said, it now responds to changes of less than one one-hundred-

niillionth), and he added: '"'Since it is one and the same solar energy,

wh()S{> manifestations are called 'light' or 'heat' according to the

medium which intcrpn^ts tiuMU, what is 'light' to the eye is 'heat' to

the bolomet(M-. and what is seen as a dark line by the eye is felt as a

cold line ])v the sentient instrument. Accordingly, if lines analogous

to the dark 'Fraunhofer' lines exist in this invisible region, they will

appear (if I may so speak) to the bolometer as cold bands, and this

hair-like strip of platinum is moved along in the invisible part of the

spectrum till the galvanometer indicates the all ])ut infinitesimal

change of temperature caused by its contact w^ith such a 'cold band.'

The whole work, it will be seen, is necessarily veiT slow; it is, in fact,

a long groping in the dark and it demands extreme patience."

At that time it may be said to have been shown that these interrup-

tions were due to the existence of something like dark lines or bands,

resembling what are known as the P^'raunhofer lines in the upper spec-

trum; but, apart from what the writer had done, no one then surmised
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how far this spectnun extended ncr. perhaps, what these explorations
really meant. They may be compared to actual journeys into thisdark continent, it it may be so called, which extended so' far beyond
those of previous explorers that the determination of position, bv the
writer, corresponding- somewhat to longitudes determined by the terres
trial explorer in a new country, was, by those who had not bee.i so far
but had conceiyed an inadequate idea of the extent of the recrion
treated as erroneous and impossible.

"

A necessary limit to the farthest infra-red was in 1880 supposed toexist
near the waye-length l^ Doctor John Draper,^ for instanc,^ announced
in other terms that the extreme end of the inyisible spectrum might,
from theoretical considerations, be probably estimated at something
less than the waye-length of l^ whence it followed that the above
value of 1.8'^ was impossible, and, still more, that of 2.8*^. If, in this
connection, we revert to our map, where the visible spectruni has an
extent in wave-lengths of 0.36'^, then, on that same scale, the length of
the entire possible spectrum, visible and invisible^ was fixed by Draper
at the point there shown near the band pffr. In still other words,
according to him the very end of any spectrum at all would be less

than 3 on a scale in which the visible spectrum was 1. Doctor Draper's
authority was deservedly respected, and this citation of his remarks is

made only to show the view then entertained by eminent men of

science.

Now, the writer had proved by actual measui'ement that it extended

far beyond this point, and had announced, as the result of experiment,

that it extended at any rate to about three times the utmost length then

assigned from theoretical reasons })y Draper, founded on the tiieu uni

versally accepted formula of Cauchy, which was later discredited l)y

the direct experimental evidence giv^en of its falsit}^ by the bolometer.

The bolometer, which is wholly Independent of light as a sensation

and notes it only as a manifestation of energy, fii-st lays down the

spectrum by curves of energy from which the linear sp(>cti-um is in

turn derived. Two such curves taken at different times are given to

show the agreement. There must now be explained, however biietly.

the way in which these energy curves, which are the basis of all. lia\e

actually been produced here.

In making the map of the energy curves it should l)c rcnienibcrcd

that when an invisible band or line is suspected, its presence is revealed

by the change of temperature in the bolometer strijxs affecting the

needle of the galvanometer, causing this needle to swing this way or

that; let us suppose to the left if from cold and the right if from heat.

The writer's first method was to have one person to note the exposure,

another to note the extent of the deflection, and a third to note the

1 Proceedings of the American Academy, vol. xvi, p. 233, 1880.
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part of the spectrum in which it occurred. For rea.sons into which he

does not enter, this old plan was tedious in the extreme and required,

as has been said, hundreds of observations to fix with appropriate

accuracy the position in wave-length of one invisible line. It has

been stated that onl}' about twenty such lines had been mapped out

in neai'ly two years of assiduous work prior to 1881, and if a thousand

such lines existed, it was apparent that fifty years would Ix' rcipiired

to denote them.

The writer then devised a second apparatus to he used in connection

with the })()l()meter. This apparatus was simple in theory, thouoh it has

taken a dozen years to make it work well in practice, but it is working

at last, and with this the maps in this volume of the "Annals*' and that

before us have been chietiy made. It is almost entirely automatic, and

as it is now used, a thousand inflections can be delineated in a single

hour, nuich l)etter than this could have been done in the half cen-

tury of work just I'eferred to.

Briefly, the method is this: A great rock-salt pi'ism (for a glass one

would not transmit these lower rays nor could they easily })e detected

in the overlapping spectra of the grating) is ol)tained of such purity

and accuracy of figure, and so well sheltered from moisture, that its

clearness and its indications compare favorably, even in the visil)le

spectrum, with those of the most perfect prism of glass, with the

additional advantage that it is permeable to the extreme infra-red rays

in ((uestion. This prism rests on a large azimuth circle turned by

clockwork of the extremest precision, which causes the spectrum

to move slowly along, and in one minute of time, for example,

to move exactly on(> miiuite of arc of its length ))efore the

strip of the bolometer. l)ringing this successively in contact with

one iinisihic line and another. Since what is blackness to the

eye is cold to the bolometer, the contact of the black lines chills

the strip and increases the electric current. The bolometer is con-

nected by a cable with the galvanometer, whose consequent swing to

the right or the left is photographically registered on a plate which

the same clockwork causes to move synchronously and uniformly up

or down by exactl}^ one centimeter of space for the corresponding-

minute. B}' this means the energy curve of an invisible region, which

directly is wholly inaccessible to photography, is photographed upon

the plate.

Let it be noted that whatever the relation of the movement of the

spectrum to that of the plate is, (and ditt'erent ones might be adopted),

it is absolutely sjnichronous—at least to such a degree that an error in

the position of one of these invisible lines can be determined, as has

been stated, with the order of precision of the astronomical measure-

ment of visible things.

The results were before them in the energy curves and the linear

infra-red spectrum containing over seven hundred invisible lines. This
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is more than the number of visible ones in Kirehoff & Bunsen's chjiits.
The position of each line is fixed from a mean of at least six indepen-
dent determinations with the accuracy stated above.
The reader will perhaps gather a clearer idea of this action if he

imagines the map before him hung up at right angles to its actual posi-
tion, so that a rise in the energy curve given would be seen to corre-
spond to a deflection to the right, and a fall, to one to the left: for in

this way the deflections were written down on the jnoving photo-
graphic plate from which this print has been made. The writer was
now speaking of the refinements of the most recent practice: l>ut tiiere

was something in this retrospect of the instrument's early use which
brought up a personal reminiscence which he asked the Academy to

indulge him in alluding to.

This was that of one day in 1881, nearly twenty years ago, when
being near the summit of Mount Whitney, in the Sierra Nevadas. at

an altitude of 12,000 feet, he there, with this newh' invented instru-

ment, was working in this invisible spectrum. His previous experi-

ence had been that of most scientific men—that very few discoveries

come with a surprise, and that the}^ are usually the summation of the

patient work of 3"ears.

In this case, almost the only one in his experience, he had the sensa-

tions of one who makes a discovery. He went down the spectrum,

noting the evidence of invisible heat die out on the scale of the instru-

ment until he came to the apparent end even of the invisibk\ beyond

which the most prolonged researches of investigators up to that time

had shown nothing. There he watched the indications grow

fainter and fainter until they too ceased at the point where the

French investigators believed they had found the very end of the end.

By some happy thought he pushed the indications of this delicate

instrument into the region still beyond. In the still air of this lofty

region the sunbeams passed unimpeded by the mists of the lower

earth, and the curve of heat, which had fallen to nothing, began to

rise again. There was something there. For he found, suddeidy and

unexpectedly, a new spectrum of great extent, wholly unknown to

science and whose presence was revealed by the new instrument, the

bolometer.

This new spectrum is given on the map, where it will bi' observed

that while the work of the photograph (much more detailed than that

of the bolometer, where it can be used at all) has been stated to

extend, as far as regular mapping is concerned, to about l.K that

everything beyond this is due to the bolometer, except that early

French investigators had found evidence of heat extending to I cV.

Still beyond that ultima thule, this region, which he has ventured to

call the "New Spectrum," extends. It will be found between wave-

lengths 1.8'^ and 5.3'" on the map.
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The speaker had been much inde])ted to others for the perfection to

which the apparatus, and especiall}^ the galvanometer, had been brought.

He was under obligations, particularly to Mr. Abbot, for assistance in

many wa3^s, which he had tried to acknowledge in the A'olume; but

before closing this most inadequate account of it, he woidd like to

draw attention to one feature which was not represented in the spec-

trum map before them, although it woidd be found in the book.

During earl}^ years the impression had been made upon him that

there were changes in the spectrum at difierent j^eriods of the year.

Some of these changes might be in the sun itself. The major portion

of those he was immediatelj^ speaking of, he believed, were rather

referable to absorptions in the earth's atmosphere.

Now these early impressions had been confirmed b}^ the work of the

observatory in recent years, and charts given in the volume would
show that, (the sun being always supposed to be at about the same alti-

tude, and its I'ays to traverse about the same absorbing quantity of

the earth's atmosphere), the energy spectrum was distinctly difi'erent

in spring, \u summer, in autumn, and in winter. The lateness of the

hour prevented him from enlarging on this latter profound!}^ interest-

ing subject. He would only briefly point out the direction of these

changes, which were not perhaps to ])e called conspicuous, but which

seemed to be ver}'^ clearly brought out as certainly existing. With
regard to them he would only observe, what all would probably agree

to, that while it has long been known that all life upon the earth, with-

out exception, is maintained by the sun, it is only recently that we
seem to be coming by various paths, and among them by steps such as

these, to look forward to the possibility of a knowledge which has yet

been hidden to us, of the way in which the sun maintains it. We were

hardly beginning to see yet how this could be done, but we were begin-

ning to see that it might later be known, and to see how the seasons,

which wrote their coming upon the records of the spectrum, might in

the future have their effects upon the crops prevised by means some-

what similar to those previsions made day by day by the W^eather

Bureau, but in ways inlinitel}^ more far-reaching, and that these might

be made from the direct stud}^ of the sun.

We are yet, it is true, far from able to prophesy as to coming years

of plenty and of famine, but it is hardly too much to ssij that recent

studies of others as well as of the writer, strongl}^ point in the direction

of some such future power of prediction.
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THE CENTURY'S GREAT MEN IN SCIENCE.

By Charles S. Peirce.

How .shall we determine that men are o-reat^ Who. for instance,
shall we say are the great men of science^ The men who iiave made
the great and fruitful discoveries'^ Such discoveries in the nineteenth
century have mostly been made independently by two or more j)ersons.

Darwin and Wallace sinudtaneously put forth the hyi)othesis of natural

selection. Clausius, Rankine, and Sadi-Carnot, perhaps KchiM.
worked out the mechanical theory of heat. Kronig. Clausius, Joule,

Herapath, Waterston, and Daniel Bernouilli independently suggested

the kinetical theorj^ of gases, I do not know how many minds besides

Robert Mayer, Colding, Joule, and Helmholtz hit upon the doctrine

of the conservation of energy. Faraday and floseph Henry l)rought

magneto-electricit}^ to light. The pack of writers who were on the

warm scent of the periodic law of the chemical elements approached

two hundred when the discover}^ itself, a most difficult inference, was

parti}' achieved by Lothar Meyer, wholly l)v ]\Iendeleef. When great

discoveries were thus in the air, shall that brain necessarily be deemed

great upon which the}' happened earliest to condense, or the man super-

eminent who, by the unmeaning rule of priority of publication, gets

the credit in brief statements i No, this method of estimation, natural

as it is to make success the standard of measure, will not do.

Shall we, then, by a logical analysis, draw ui) an abstract definition

of greatness and call those men great who conform to it^ If there

were no dispute about the nature of greatness, this might pr()b:il»ly

prove the most convenient plan. It would be like a rule of giannntir

adduced to decide whether a phrase is good English or not. Nor

would the circumstance that the definition could not be as explicit and

determinate as a rule of granunar constitute a serious diflicidty.

Unfortunately, however, among the few writers who have seriously

studied the question, the most extreme differences prevail as to tiie

nature of great men. Some hold that they are fashioned of the most

ordinary ctay, and that only their rearing and environment, conjoined

1 Copyright, TgOlTbv New York Evening Post Company. Reprinted fn.i.i The

Evening P^ost, January 12, 1901, by special permission of (J. I'. Putnat.i's Sons.
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with fortunate opportunities, make them what they are. The heaviest

weight, intellectually, among these writers maintains, on the other

hand, that circumstances are as powerless to suppress the great man
as they would be to subject a himian being to a nation of dogs. But

it was only the blundering Malvolio Avho got the notion that some are

born great. The sentence of the astute Maria was: ''Some are become

great; some atcheeves greatnesse, and some have greatnesse thrust

uppon em.'' Amid this difference of opinion any detinition of great-

ness would l)e like a disputed rule of grammar. Just as a rule of

grammar does not render an expression l)ad English, ])ut only general-

izes the fact that good writei's do not use it, so, in order to establish a

definition of greatness, it would ])e necessary to begin by ascertaining

what men were and what men Avere not great, and that having Ix^en

done the rule might as well be dispensed with. My opinion will, I

fear, be set down by some intellectual men as foolishness, though it has

not l)een lightly fcu'med nor without long years of experimentation

—

that th(> way to judge of whether a man was great or not is to put

aside all analysis, to contemplate attentively his life and Avorks, and

then to look into one's heart and estimate the impression one finds to

have been made. This is the way in which one would decide whether

a mountain were sublime or not. The great man is the impressive

personality, and the (piestioii whether he is gicat is a <iuestion of

impression.

The glory of the nineteenth century has })een its science, and its

scientific great men are those whom I mean here to consider. Their

distinctive characteristic throughout the centur}', and more and more

so in each succeeding generation, has been devotion to the pursuit of

truth for truth's sake. In this century we have not heard a Franklin

asking, "'What signifies a philosophy which does not apply itself to

some use ? "—a remark that could be paralleled by utterances of Laplace,

of Rumford, of Buffon, and of many another well-tjualified spokesman

of eighteenth-century science. It was in the early dawn of the nine-

teenth that Gauss (or was it Dirichlet?) gave as the reason of his pas-

sion for the Theory of Numbers that "it is a pure virgin that never

has been and never can be prostituted to any practical application

whatsoever." It was my inestimable privilege to have felt as a boy

the warmth of the steadily burning enthusiasm of the scientific genera-

tion of Darwin, most of the leaders of which at home I knew intimately,

and some very well in almost every country of Europe. I particularize

that generation without having any reason to suspect that that flame

has since burned dimmer or less purely, but simply because if a word
belonged to one's mother tongue, one ma}' be supposed to know inierr-

ing\y the meaning the teachers of one's boj^hood attached to it.

The word science was one often in those men's mouths, and 1 am quite

sure they did not mean by it "systematized knowledge," as former



THE century's GREAT MEN IN SCIENCE. (595

ages had defined it, nor anything set down in a hook; hut, on the eon-
trary, a mode of life; not knowledge, hut the devoted, well-considered
life pursuit of knowledge; devotion to truth—not '' devotion to truth
as one sees iV for that is no devotion to truth at all, hut only to party-
no, far from that, devotion to the truth that the man is not yet al)le to
see })ut is striving to ohtain. The word was thus, from the etymo-
logical point of view, already a misnomer. And so it remains \vith
the scientists of to-day. What they meant and still mean hv ''science"
ought, etymologically, to be called philosophy. But during the nine-
teenth century it was only a metaphysical professor of a now ol^soles-

cent type, as I hope, who could sit in his academic chair, puffed up witii

his ''systematized knowledge ""—no true philosopher, but a nuu-e i)hiU>-

doxer. For a snap shot at the nineteenth century man of science one
may take Sir Humphrey Davy, willing, as early as 1818, seriously to

investigate the liquefaction of the blood of St. Januarius; or John
Tyndall. with scientific ingenuousness proposing that prayer test to

which no clerical Elijah has yet been found with the faith and good
faith to respond; or William Crookes, devoting years of his magnifi-

cent powers to examining the supposed evidences of the direct action

of mind upon matter in the face of the world's scorn. Contrast these

instances with th« refusal of Laplace and Biot in the closing years of

the previous century to accept the evidence that stones fall from hea\-en

(evidence proving that they do so daily), simply because their prepos-

sessions were the other way. One of the geologist brothers De Luc

declared that he would not belie\e such a thing though he saw it with

his own eyes; and a scientificallv given English ecclesiastic who hap-

pened to be sojourning in Siena when a shower of aerolites were dashed

in broad daylight into an open square of that town, wrote home that

having seen the stones he had found the testimony of eyewitnesses so

unimpeachable and so trustworthy that—that he accepted the fact, you

will say? by no means—that he knew not what to think! Such was

the bon sens that guided the eighteenth century—a pretty phrase for

ineradicable prejudice.

To this self-effacement before the grandeur of reason and truth is

tracea])le the greatness of nineteenth-century science, most obviously

in mathematics. In the minds of eighteenth-century mathematicians

their science existed for the sake of its applications. Forgetfuliiess

of this was in their eyes repi-ehensible, immoral. The question was,

what would a given piece of mathematics do ? They liked smooth-

running and elegant machinery—there was economy in that; l)ut they

were not sedulous that it should have symmetry: idle admiration of

its beautv thev hardly approved. If it was excessively compluiit.-.l

and intricate, that was regarded rather as a feature to be proud «>l than

as a l)lemish. Were the complete revolution that the nineteenth century

wrought upon the ideal of mathematics not notorious, one could soon
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convince himself of it by looking over almost any modern treatise

—

say, Salmon on Higher Plane Curves. That voUime, for example,

would be found replete with theorems hardly any of which hold good

for any curves that could really exist. Realizable curves have hardly

l)cen studied at all, for the reason that they do not yield a beautiful

theory, such as is Jiow exacted. Modern mathematics is highly artistic.

A simple theme is chosen, some conception pretty and charming in itself.

Then it is shown that by simply holding this idea up to one's eye and

looking through it a whole forest that before seemed a thick and

tangled jungle of brushes and }>riers is seen to be in reality an orderly

garden. The word generalization really can not be fully understood

without studying modern mathematics; nor can the beaut}" of general-

ization l>e in any other way so well appi'cciated. There is here no

need of throwing out •'extreme cases." Far from that, it is precisely

in tlic cxti-eme cases that the power and l)eauty of the magic e3'eglass

is most ap))arent and most marvellous. Let me take l)ack the word
'* magic." though, for the reasonableness of it is just its crowning

charm. 1 must not t)e led away from my ])oint. to expatiate upon

the repos(>fulness of the new mathematics, upon how it relieves us of

that tiresome imj). man. and from the most importunate and unsatis-

factory of the race, one's self. Suffice it to say that it is so reasonable,

so simple, so easy to read, when the right \iew has once been attained,

that the student may easily forgc^t what ai-duous labors were expended

in coustiuctiug th«' lirst convenient pathway to that lofty summit,

that mastery over intricacies, far ))evond that of the eighteenth-century

master. "It nuist not be sup})ose(l." said C. (i. .1. Jacol)i, one of the

simplifying pioneers, '"that it is to a gift of nature that I owe such

mathematical power as I possess. No; it has come by hard work,

hard work. Not mere industry, but brain-splitting thinking—hard

work; hard work that has often endangered m}' health.'' Such reflec-

tions enable us to perceive that if modern mathematics is great, so also

were the men who made it great.

The science next in abstractness after mathematics is logic. The con-

tributions of the eighteenth century to this subject were enormous.

In pure logic the doctrine of chances, which has been the logical

guide of the exact sciences and is now illuminating the pathwa}^ of the

theory of evolution, and is destined to still higher uses, received at

the hands of Jacob Bernouilli and of Laplace developments of the tirst

importance. In the theory of cognition Berkeley and Kant laid solid

foundations; their personal greatness is incontestable. This is hardly

true of Hume. In the nineteenth century Boole created a method of

miraculous fruitfulness, which aided in the development of the logic

of relatives, and threw great light on the doctrine of probability, and

thereby upon the theory and rules of inductive reasoning. De Morgan
added an entirely new kind of syllogism, and brought the logic of
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relatives into existence, which revolutionizes general conceptions of
reasoning. The works of Comte, Whewell, J. S. Mill, Jevons, and
others upon the philosophy of inductive science were less successful
or fruitful. In the more metaphysical part of logic the philosophy of
Hegel, though it can not be accepted on the whole, was the work of a
great man. In metaphysics and general cosmology the attitude of the
century has been expectant. Herbert Spencer has been proclaimed
as a sort of scientific Messiah by a group of followers more ardent than
philosophic, which does not seem to be gathering strength.

At the head of the physical sciences stands nomological physics.
Dr. Thomas Young was here the earliest great man of the century,
whose intellect illuminated every corner to which it was directed,

taking the first difficult steps in the decipherment of the hieroglyphics,

originating the doctrine of color-mixtures, propounding the correct

th(M)ry of light, and illuminative everywhere. It gives a realizing

sense of the century's progress that this great man in its early years

should have opined that experimentation in general had then been

pushed about far enough. On that occasion it was not his usual logic,

but the eighteenth-century watchword " le bon sens,'' that was his

guide, with the sort of result it is continually turning out when used

beyond its proper sphere of every-day practical affairs. The advance

of 3'ears, with their experience, has led physicists to expend more and

vastly more effort upon extreme precision, against every protest of

good sense. What has come of it? Marconi's wireless telegraphy,

for one thing. For it was the precision with which the velocity of

light on the one hand and the ratio of statical and dynamical constants

of electricity on the other had been determined that proved to Max-

well that the vibrating medium of light was the substance of electric-

ity, a theory that his great follower. Hertz, applied to making giant

light waves less affected by obstructions than even those of sound. I

dare say, sapient ''good sense'' pooh-poohs those wonderful new sul)-

stances, helium and the rest, that seem the connecting link between

ordinary matter and the ether. So it would be useless to point out

t'hat their discovery was entirely due to Lord Kayleigh's fastidious-

ness in the determination of the density of nitrogen. But it has to be

noted as a characteristic of the great physicists of the nineteenth cen-

tury that their reverence for every feature of the phenomenon, how-

ever minute, has been in thorough disaccord with the older "good sense."

The greatest advances in physics during the century were made by

several men at once. Certain ideas would come somehow to be in the

air; and by the time they had crystalized for a student here and there,

he would hesitate to announce as original conceptions what he had

reason to suppose manv men shared, while he knew that the larger

bodv would not be yet ready to accept them. Under those circum-

stances priority of publication can signify nothing except haste.

SM 1900 48
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Of all men of the ceiituiT Faraday had the greatest power of draw-

ing ideas straight out of hi.s experiments and making his physical

apparatus do his thinking, so that experimentation and inference were

not two proceedings, but one. To understand what this means, read

his "Researches on Electricity." His genius was thus higher than

that of H(dmholtz, who fitted a phenomenon with an appropriate con-

ception out of his store, as one might tit a bottle with a stopper, llie

most wonderful capacit}' for "catching on" to the ideas of nature

when these were of a complicated kind was shown l)}^ Mendeleef in

making out the periodic law of the chemical elements, as one might

make out the meaning of a pantomime, from data so fragmentjiry,

and in some cases erroneous, that the interpretation involved the cor-

rection of sundr}'^ facts, corrections since confirmed, as well as the

prediction of the very peculiar properties of the unknown gallium,

scandium, and germanium, which were soon afterwards actually met

with. Minute examination of all his utterances convinces one that

Mendeleef's mental processes in this unparalleled induction were

largely subconscious and. as such, indicate an absorption of the man's

whole being in his devotion to the reason in facts.

A great naturalist, as well as I can make out, is u man whose

capacious skull allows of his being on the alert to a hundred different

things at once, this same alertness being connected with a power of

seeing the relations between different complicated sets of phenomena

when they are presented in their entirety'. The eighteenth century

had its Linnams. whose greatness even I can detect as I tui"n over his

pages; its Huber. discovering through others' eyes what others could

not discern with their own; its Goethe, its Haller, its Hunter, and

mixed with practical greatness, its Pinel and its Jenner. Then, there

was Lavater, who showed how pure aesthetic estimation might be

turned to the discovery of truth—a man depreciated because logicians

and philodoxers can so much more easily detect his weakness than

discern his strength. The nineteenth century, with its great thinker,

Darwin; its Pasteur (great in chemistry as well as in biology, a man
who impressed me personally, and impresses me in his works, as much
as any l)ut two or three of the century); its Lamaroll, Weissmann,
Cuvier, Agassiz, von Baer,. Bichat, Johannes Miiller, Robert Brown,
and I know not whom besides, has certainly garnered a magnificent

harvest of great men from this field.

Those sciences which study individual objects and seek to explain

them upon physical principles—astronomy, geology, etc., correspond-

ing to history and biography on the psychical side—demand the great-

est assemblage of different powers. Those who pursue them have

first to be mathematicians, physicists, chemists, naturalists, all at once,

and, after that, astronomers or geologists in addition. It is almost

beyond human power. In the eighteenth centurj" A. G. Werner broke
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ground in geology, William Herschel, Kant, and Laplace did great
things in astronomy. In the nineteenth century geology was fir.st

really made a science, and among its great men one recalls at once
Lyell, Agassiz, Kelvin. This country has become its home. In astron-
omy, too, this country has been eminent, especially in the new astronomy
which has afforded the needed scope for greatness, instead of the nar-
row rut that Bessel and Argclander had left behind them. 'J^hus it

happens that we have a magnificent group of great astronomers living
among us to-day. We stand too close to them to take in their true
proportions. But it is certain that the names of Chandler, Langley,
Newcomb, Pickering, and several others are indelibly inscribed upon
the heavens. In England it is only this year that Sir Norman Lockycr
has brought the extraordinary research to which his life has been
devoted to completion, so far as such work can be .said to be capa))le

of completion. It is an attribute of its greatness that it is endless.

When we compare all the men I have glanced at. with a v'ww to

eliciting a common trait somewhat distinctive of the nineteenth ccn-

tur}", we can not ))ut see that science has been animated l)y a new
spirit, till the very word has become a misnomer. It is the man of

science, eager to have his ever}' opinion regenerated, his every idea

rationalized, by drinking at the fountain of fact, and devoting all the

energies of his life to the cult of truth, not as he understands it, but

as he does not yet understand it, that ought propcn*!}' to be called a

philosopher. To an earlier age knowledge was power, merely that

and nothing more; to us it is life and the summum bonum. Emanci-

pation from the bonds of self, of one's own prepossessions, imiK)rtu-

nately sought at the hands of that rational power before which all

must ultimately bow—this is the characteristic that distinguishes all

the great figures of the nineteenth-century science from those of former

periods.





THE LESSON OF THE LIFE OF HUXLEY.

By William Keith Brooks,

Profesmr of Zoology in the Johns Hopkins University.

Science seems to me to teach in the highest and strongest manner the great trntli

which is embodied in the Christian conception of entire surrender to the will of (Jod.

Sit down before fact as a little ciiild, be prepared to give up every preconceived

notion, follow huml»ly wherever and to whatsoever abysses nature leads, or you shall

learn nothing. I have only begun to learn content and peace of mind since I have
resolved, at all risks, to do this.—Life and Letters of Thomas Henry Iluxlry. I.

page 235.

No one can study Huxley's works without discovci'intr that liis

whole life was devoted to a detinite and clearly perceived purpose, and

he has himself told us what that pui'pose was.

If I may speak of the objects I have had more or less definitely in view, they are

•briefly these: To promote the increase of natural knowledge, and to forward the

application of scientific methods to all the problems of life, to the best of my al)ilify,

in the conviction, which has grown with my growth, and strengthened with my
strength, that there is no alleviation for the sufferings of mankind except veracuty of

thought and action, and the resolute facing of the world as it is when the garment

of make-believe with which pious hands have hidden its uglier features has I >een

stripped off.

He tells us it is with this intent that he has subordinated ambition

for scientific fame to the difl'usion among men of that enthusiasm for

truth, that fanaticism of veracity, which is a g-reater possession than

much learning, a nobler gift than the power of increasing knowletlge.

The changes which science has brought about in our conceptions of

nature and our relation to the world around us have never been more

clearly or more eloquently set forth than in the address ''On tlie

advisableness of improving natural knowledge,'' to which Huxley has

given the foremost place in his volumes of collected essays. If. m

order to make clear what was the task to which his life was devoted.

I venture to give an abstract of this gem of English literature. I do

this in the hope that new readers may be led to find delight m the

beautiful original, which is worthy to be read in schools as an dlustra-

tiou of the union of scientific knowledge with literary genius.

701
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This tiiii(> two huiidrocl yt>;irs jit;-(), he tells us in 1866, those of our

forefatheis who inhabited this groat and ancient city took breath

])etween the shocks of two fearful calamities; one not (juite past,

altiiough its fury had abated; the other to come.

AVithin a very few yards of the spot on which the address was

delivered, so ti'adition runs, that painful and d(Midly malady, the

l)laiiue. appeai'cd and smote the people of England with a violence

unknown befoi-e. stalking through the narrow streets of old London,

and changing their busy hum into a silence broken only by the wailing

of the mourners for 50,()(M» dead.

About this time, in 1666, the death rate had sunk to nearly its

noi'iual amount, and the people began to toil at the accustomed round

of duty or of pleasure, and the stream of the city life bid fair to flow

back into its old bed, with renewed and uninterrupted vigor.

The newly kindhnl hope was dec(Mtful. The great i)lague, indeed,

leturned no more; but what it had done for Londoners, the great

tire, which broke out in the autumn of 1666, did for London; and in

September of that year a heap of ashes and the indesti'uctible (Miergy

of the people were all that remainc^l of the glory of Hve-sixth.s of th(i

city within the walls.

Our forefather's had their own way of accounting for each of these

calamities. They submitted to the plague in humility and in penitence,

for they believed it to be the judgment of God. But toward the tire

they were furiously indignant, interpreting it as the eti'ect of the mal-

ice of man—as the work of the Republicans or of the Papists, accord-

ing as their prepossessions ran in favor of loyalt}' or of Puritanism.

It would have fared but ill, says Huxley, with one who, standing

where 1 now stiind, should have broached to our ancestors the doc-

triiu^ which I now propound to you—that all their hypotheses were

alike wrong; that the one thing needful w^as that they should second

the efforts of, an insignificant corporation '"for improving natural

knowledge," the estal^lishmentof which might have loomed larger than

the plague and outshone the glare of the fire to him who had the ^ift

of distinguishing between prominent events and important events.

If the noble first president of the Royal Society could revisit the

upper air he would find himself in the midst of a material civilization

more different from that of his day than that of the seventeenth was

from that of the first centur}'.

And if his native sagacity had not deserted his ghost he would need

no long reflection to discover that all these great ships, these railways,

these telegraphs, these factories, these printing presses, without which

the whole fabric of modern society would collapse into a mass of

stagnant and starving pauperism—that all these pillars of our State

are but the ripples and the bubbles upon the surface of that great

spiritual stream, the springs of which onl}'^ he and his fellows were
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privileged to see, and seeing, to recognize as that wiiich it L.-hoovd
them, above all things, to keep pure and undetiled.

It may not be too great a flight of the imagination to eoncciv.- I.in.
not forgetful of the great troubles of his own dav. and anxious to
know how often London had been burned down and how often the
plague had carried oft' its thousands. He would have to learn that nat-
ural knowledge has furnished us with dozens of engines for throwing
water upon tires, and that except for the progress of natural knowb
edge w^e should not be able to make even the tools by which these
machines are constructed. And it would be necessary to add that
although severe fires sometimes occur and inflict great damage, the
loss is very generally compensated by societies the operations of

which have been rendered possible only by the progress of natui-al

knowledge.

But the plague! His observations would not lead him to think that

we of the nineteenth century are purer of life or more fervent in

religious faith than the generation which could produce a Boyle, an

Evelj'n, and a ^Milton. And it would be our dut}' to explain once

more, and this time not without shame, that we have no reason to

believe it is the improvement of our faith, nor that of our morals,

which keeps the plague from us; but again, that it is the improve-

ment of our natural knowledge. We, in later times, have learned

somewhat of nature and partly obey her. Because of this partial

iniprovement of our natural knowledge and of that fractional oliedi-

ence we have no plague. Because that knowledge is very imperfect,

and that obedience yet incomplete, typhoid is our companion and

cholera our visitor. But it is not presumptuous to express the belief

that when our knowledge is more complete, and our obedienc-c the

expression of our knowledge, London will count her centuries of free

dom from typhoid and cholera as she now gratefully reckons up her

two hundred years of ignorance of that plague which swooped upon

her thrice in the first half of the seventeenth century.

It is very certain that for every victim slain by the plague hundreds

of mankind exist and find a fair share of happiness in the world l)y

the aid of the spinning jenny. And the great fire, at its worst, could

not have burned the supply of coal, the daily working of which, m

the bowels of the earth, made possible by the steam pump, gives rise

to an amount of wealth to which the millions lost in old London arc

but as an old song.

But spinning jenny and steam pump are after all but toys, possess-

ing an accidental value, and natural knowledge creates multitudes of

more subtle contrivances, the praise of which does not happen to be

sung because they are not directly convertible into wealth.

If natural knowledge were only a sort of tairy godmother, ready to

furnish her pets with shoes of swiftness, swor<ls <.t sharpness, and



704 THK LESSON OF THE LIFE OF HUXLEY.

omnipotent Aladdin's lamps, so that they may have telegraphs to Saturn,

and seethe other side of the moon, and thank (rod they are ])etter than

their benighted ancestors, 1, for one, says Huxley, should not greatly

care to toil in the service of natural knowledge. I think I would just

as soon be (juietly chipping my own flint ax. after the manner of my
forefathers a few thousand years l)ack, says he, as be troubled with

the endless malady of thought which now infests us all for such a

reward. But 1 venture to say that such views are contrary alike to

reason and to fact.

The improvement of natural knowledge, whatever direction it has

taken, and however low the aims of those who have conmienced it, has

not only conferred practical l)enetits on men, but in so doing has

efl'ected a revolution in their conceptions of the universe and of them-

selves, and has profoundly moditied their modes of thinking and their

views of right and wrong. Natural knowledge, seeking to satisfy

natural want^, has found the ideas which can alone still spiritual crav-

insrs—in desiring to ascertain the laws of comfort has been driven to

discover those of conduct and to lay the foundations of a new moralit3\

He who is endowed with the spirit of modern science absolutely

refuses to acknowledge authoritj' as such. For him, scepticism is the

highest of duties; l)lind faith, the one unpardonable sin. And it can

not be otherwise, for every great advance in natural knowledge has

involved the absolute rejection of authority, the cherishing of the

keenest scepticism, the annihilation of the s})irit of blind faith, and

the most ardent votary of science holds his tii'mest convictions not

because the men he most venerates hold them, not because their verity

is testified by portents and wonders, but because his experience teaches

him that whene\er he chooses to test these convictions l)y appealing to

experiment and observation he may expect them to be confirmed. The
man of science has learned to believe in justification not by faith, but

by verification.

If these ideas are destined to be more and more flrmly established

as the world grows older, if the scientific spirit ])e fated to extend

itself into all departments of human thought and to become coexten-

sive with the range of human knowledge, if as our race approaches

maturity it discovers that there is but one kind of knowledge and but

one method of acquiring it, then we, who are still children, may justly

feel it our highest duty to recognize the advisableness of improving

natural knowledge, and so to aid ourselves and our successors in our

course toward the noble goal which lies before mankind.

It is because of this conviction that Huxley assures us truth is bet-

ter than much profit; because of it that he turned aside from his sci-

entific researches in order to do his part in keeping pure and undefiled

the springs of natural knowledge.

No one—Huxley least of all—would dream of attributing the "New
Reformation " to any one man, and he speaks of himself as a " full private
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who has seen a good deal of service in the ranks'' of the army ranged
round the banner of science; but the object to ^vhicll his life was
devoted—the diffusion among men of the scientific spirit of '' organ-
ized common sense"—has made notable progress during his lifetime,

and in this assurance he tells us at its end that he "shall be content

to be remembered, or even not remembered,-' as one among tlu^ many
who brought it about.

The opening paragraph of his book on "Hume'' may be taken as

a statement of the motive of all Huxley's works. "Kant has said

that the business of philosophy is to answer three questions: What
can 1 know!' What ought I to do? and For what may I hopc^ I'.ut

it is pretty plain that these three resolve themselves in th(; long run

into the first; for rational expectation and moral action are alike

based upon belief, and a belief is void of justification vudcss its sub-

ject-matter lies within the boundaries of positive knowledge, and

unless its evidence satisfies the conditions of credibility. Fundamen-

tally, then, philsophy is the answer to the question What can I

know?"
Huxley is not drawn into this province by the fierce joy of <-o!itro-

vei-s}^, nor by any desire to join those who flit forever over dusky

meadows green with asphodel in vain search for some reality which is

not within the easy reach of all of us. His motive is the most prac-

tical and serious one we know—"to learn what is true in order to do

what is right." This, he tells us, "is the summing up of the whole

duty of man, for all who are not able to satisfy their mental hunger

with the east wind of authority."

The conclusion of the whole matter is that there is but one kind of

knowledge, and only one way to acquire it. This is the melody which

runs through all his works; now loud and clear, now hidden ])y the

minor interest of a scientific topic, or by the heat of controversy, or

by the charm of eloquence and literary genius; but always prestM.t.

and easy, for one who listens, to detect.

It is because scientific education helps us to acquire the metluxl ot

using our reason rightly in the search for truth that he gave so nuicli

of his time and strength to the problems of education. It is because

the improvement of natural knowledge is conclusive proof of the

value of this method that he devoted his life to the popular./a .on of

science. It is because his right to use this method-the right which is

also the first and highest of duties-was disputed, that he entered the

storniv waters of controversy.

AftL"be pabluation of the Origin of Si«cie», Hux,,,- became the
X1.II.V.X V K. i^ .,,,.1 _£ •.„ „J.,^«„fc»^ int.prfistp.d in it

our way to acquire it.
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The a priori philosophers tell us we may arrive at truth by deducing

it from propositions which are incapable of proof, because they are

self-evident to the normal man; and the}- talk about the normal man
as if he were a prominent citizen, the personal acquaintance of all who
have any claim to be considered men of intellect, and a familiar face

even to the common herd.

The publication of the Origin of Species has made it clear to the

man of science that he knows no such person; that all men are indi-

vidual men, and the normal man a fictitious character, a statistical

average, and a mere abstraction, which does not exist in nature outside

the minds of the a priori philosophers.

Nothing can ))e deduced from self-evident propositions by one to

whom they ar(> not self-evident, and as natural selection has come to

be Ix'tter understood it has made it less and less possil)le for the man
who puts his faith in scientitic mi^thods of discovering truth, and is

accustomed to hav«' that faith justitied ))y daily experience, to be con-

sciously false to his ])rinoiples in any matter.

To what nobler end could life he dcMotcnl than the attempt to show

us how \vc may "'leai'n to distinguish ti'uth from falsehood, in order

that we may be sure about our actions, and walk surefootedly in this

lifeT* No memorial to Huxley could l)e more appropriate than the

speedy establishment of that ''intellectual liberty which is not intel-

lectual license" on a basis so lirm that the stiniggle to obtain it shall

l)ecome a forgotten antiquity. If, as the end of his lifelong labor,

intellectual freedom is established on a basis so firm that we are no

longer willing to accept either authority or deduction from so-called

self-evident truths as a substitute for discover}' and verification, this

is his best monument, even if the man should quickly be forgotten in

the accomplishment of his ends, and even if he was sometimes unsuc-

cessful in his attempts to walk by verification.

In 1868 he tells us that it is necessary to be possessed of oidy two

beliefs in order that we may successfully perform our plain duty and

make the little corner we can influence a little less ignorant and a little

less miserable than we found it. The first of these beliefs, he tells us,

is that the order of nature is discoverable by our faculties to an extent

which is practically unlimited; the second, that our volition counts

for something as a condition of the course of events. Each of these

beliefs ma}' be verified, he assures us, as often as we like to try; and

common folks, no doubt, agree with him.

The progress of science, especially the progress of biological science,

during the next twenty -five years, convinced Huxley, as it has con-

vinced all thoughtful men, that we ourselves may prove to be part and

parcel of that order of nature which, in unbroken continuity, composes

the sum of all that is, and has been, and shall be, and this seems to him

to show that our volition has no more to do with our conduct than
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the whistle of the locomotive engine has to do with the movement of
the train; l.ecause he believes that proof that we never do anvthincr
whicli exhaustive knowledge of our bodily machinerv might not Inul one
to expect would show that our conduct is "predestined" and inevitable
and necessary. So, he asks us, in 1892, to change his words, and in
place of the famdiar conviction, which may be verified as often as we
like to try, that our volition counts, read that it is not volition but
the physical state of which volition is the expression which counts for
something as a condition of the course of events—counting, I take it,

as a rock may be expected to count as a condition of the course of the
stream.

I fail to see why anyone should object to this amendment, considering
it in itself, even if one see reason to ask whether it can be accepted as

a sul)stitute for the original statement. The assertion tliat the phys-
ical state of which volition is tho sign does count as a condition of the

course of events might no doubt be verified experimentally as often as

one has the opportunity, for it may })e that it is included in the decla-

ration that the order of nature is discoverable by our faculties. What
I do fail to discover is any antagonism between it and the original

statement that our volition counts; and Huxley is unable to abide

firmly and consistent]}" by the declaration that it does not count. In

1894, only a short time before his death, he tells us that, if our convic-

tion that there lies within us a fund of energy operating intelligcMitly,

and so far akin to that which pervades the universe that it is compe-

tent to influence and modify the cosmic process, is logically absurd,

because our conduct is part and parcel of the cosmic process, he is

sorr}' for logic, because the facts are so.

Huxley reminds us, and does well to remind us, that logical conse-

quences are the beacon of wise men and the bugbear of fools, and while

deductive philosophy may be expected to land its disciples in contra-

dictions which no mere human wisdom can reconcile, it is a hard thing

for one who tries to walk hy verification to rest willingly in incon-

sistenc3\

Our well-founded conviction that there is no interference with

nature, no interruption in the cosmic process, is a conviction that

nature is orderlv, l)ut not that it is inevitable or predetermined or

necessary, for order is a matter of fact and not an agent or a cause of

things. . ,

Huxley declares that all things are working out their ' predestmed

courses of evolution, but he also reminds us that evolution is not an

explanation of the cosmic process, but merely a generalized stut.Mi.cnt

of the methods and results of that process. Is it not clear that no

statement can predestine anything, and that no amount ot k.u.u ledge

of a process and no amount of discovery as to what is going on run t.dl

us who or what is carrying it on, or whether the activity ot whuh the
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cosmic process is the expression is predestined or spontaneous? Proc-

esses, evolutionary or otherwise, are matters of fact. There is nothing

of power or agency included in the notion of a process.

''The tenacity- of the wonderful fallacy that the laws of nature are

agents, instead of being, as they really are, a mere record of experi-

ence, upon which we base our interpretation of that which does

happen and our anticipation of what we expect to happen, is a

remarkable psychological fact," says Huxley. ''If it should be worth

anyl)ody's while to hunt for examples of such misuse of language on

ray own i)art,'" says he, "I am not at all sure he might not succeed. If

1 am guilty I do ptMiance beforehand, and I only hope I may deter

others from connnitting the like fault."

Huxley believes that proof that our conduct, or anything else, is

part and parcel of the cosmic process, and neither more nor less than

one might lia\e expected if he had known all about pi'imitive nebulosity,

would show that our volition is only "so called," and that it is the empty

and meaningless acconii)animent of our bodily activity.

If it is misuse of language which leads him to this conclusion—if it

does not follow fioni the i)remises— it is surely worth while to point

this out. not in anv spirit of criticism, but solely that others may be

deteri'ed from connnitting the like fault.

"The necessity of any action, eithei- of matter or of mind," sa3^s

Hume, "is not, properly speaking, a (|uality of the agent, hut in any

thinking and intelligent being who may consider the action." Hume
regards this obvious truth as evidence that our feeling of freedom in

willing and doing is nothing more than a singular effect of custom; but

may it not rather be the notion of necessity which is a singular effect

of custom ( If necessity is not a quality of the agent, but of the spec-

tator, may it not be that the quality of freedom in willing and doing

—

if there be such freedom—is not, properly speaking, in any spectator

who may consider the action, but in the free and intelligent agent?

"I take it for demonstrable," says Huxley, "that it is utterly impos-

sible to prove that anything whatever may not be the effect of a material

and necessary cause, and that human logic is equall}^ incompetent to

pro\'e that any act is really spontaneous." But we must not forget that

he is sorry for logic if there is any antagonism between this opinion

and belief in our ability "to influence and modify the cosmic process."

If the opinion is well warranted, as it seems to me to be, ma}^ it not be

valid onl}' because logic never does tell us any matter of fact? May it

not be because it is utterh^ impossible to prove by logic that anything

whatever is the effect of a necessary cause, that it is also impossible

thus to prove that an}' event is not the effect of that sort of cause ? If

human logic is utterh^ incompetent to prove that all acts, or any acts,

are or are not really spontaneous, may it not be that some acts are



THE LESSON OF THE LIFE OF HUXLEY. 709

really so in the most literal meaning- of the word? And if any of my
acts are really spontaneous, is not my responsibility for them complete i

If, for all we know, or can expect to know, our moral responsibility

may be complete, is not this all one for all practical and intellectual

and moral ends, as if it were known to be complete? If wise and
prudent, must not he who does not know whether his liability is

limited or unlimited act as if it were unlimited? Is it not practically

unlimited if he knows no limit, and may it not be actually so?

Ma}^ not the eloquent words in which Huxley teaches the advisable-

ness of improving natural knowledge be more true to nature tliuu the

ecclesiastical dogma that there is only vanity and vexation of spirit in

our attempts to seek and to search out by wisdom concerning the

things that are done under the sun; because our conduct, being pai-t

and parcel of the cosmic process, can be nothing more than the empty

and meaningless accompaniment of the predestined activity of oui"

bodily machinery ?

Like all strong men of intellect, oppressed by the burden of that

endless malady of thought which infests us, Huxley devoted the best

of his powers to a search for the meaning of that natural world which

we tind so full of delight and entertainment and instruction, and also

so full of pain and sorrow and evil. The problem of ethics was never

far from his thoughts, and it is, no doubt, Avith this in mind that he

warns us it is better to think wrongly than to think confusedly, because

he who is obscure can come to no stable conclusion, while he who is

wrong may, if his mind be clear, some day run against a fact which

may set him right.

No one who is perplexed by the awful majesty of nature, and by the

mystery of our own relation to the world around us, can fail to tind

profit in Huxley's reflections, for they are always fearless and honest

and clear, even"^if they may be hard to reconcile with one another.

When in his early manhood, death first invades his home and takes

his first-born little son, he tells us, in a letter to a sympathetic friend:

-The more I know intimatelv of the lives of other men (to say noth-

ing of my own) the more obvious to me is it that the wicked does not

flourish nor is the righteous punished. But for this to be c ear we

must bear in mind what almost all forget, that the rewards of hie arc

contingent upon obedience to the whole law-physicjil as well as

moral-and that moral obedience will not atone for physical sin, or

"^r^lst public utterance in his old ag., ^^ tells us: '^f the., is

a generalization from the facts of human lite whidj ^as he a>s^ o

all thoughtful men in every age and country, it is that the viola i of
all thouehtful men in every age ana counuv, ... -^ -"- --

rthlal rules constantly escapes the V^f^'^^"^^"^^^^'^'^''
that the wicked flourishes like a green bay tree: that the sins
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fathers arc visited upon the children; that in the realm of nature ij^no-

rance is punished just as severely as willful wrong; that thousands

upon thousands of innocent beings suffer for the crime or the imintcn-

tional trespass of one."

These two efforts to find meaning in the "sum of the customs of

matter" can not both be entirely right, although both may be par-

tially'' right. We nuist also remember that one may find serious flaws

in an attempt to answer the riddle of existence, even if he have no

answer of his own. Of Huxley's two utterances upon the ethical

pro])lem, the latest seems to me to present, to the inqiiirci* who
approaches the problem from the standpoint of modern biological sci-

ence, certain grave difl^culties from which the first is free.

If, reflecting upon some partial view of our experience, we regard

it as a whole, forgetting that it is a })art and not the whole, the results

of our reflections may seem to l)e the ol)vi()Us conchision of sound

reasoning, when they are no ])etter than illustrations of the tiireadhare

fallacy of the undistributed middle. Our minds are so constituted

that a path which our thoughts liave once foliowc^d becomes easier

with each new venture, while it grows harder at the sam(> time for us

to consider what lies outside the borders of this path. No rational

being, whose mind is such as we find ours to be. can treat a i)art as a

complete and independent subject for reflection without danger of

forgetting that it is not the whole but only a part.

"When the ancient sage looked the world, and especially human
life, in the face," says Huxley, "he found it as hard as we do to bring

the course of evolution into harmony with even the elementary

requirements of the ethical ideal of the just and the good."

Can we seek for meaning in any natural world except the one we
know, and are not the things we know our own knowledge ? May
not the ancient sage, in his ert'orts to contemplate as a spectator an

experience which would not be at all if it were not his experience,

have forgotten that it is onh^ through his own e3'es that he can

look the world in the face^ If 1 am to find any ethical lesson in

nature, must I not ask w hether the universe of which 1 am a part

teaches me any moral lesson? Can I, with meaning in ni}^ words, ask

whether it would teach a moral lesson to an unconcerned spectator?

"Brought before the tribunal of ethics, the cosmos might well seem

to stand condemned," says Huxley. "The conscience of man revolted

against the moral indifference of nature, and the microcosmic atom

should have found the macrocosm guilty. But few have ventured to

record that verdict." Is not failure to record a verdict according to

the evidence to be regarded as doubt whether all the pertinent evi-

dence has been presented? May not the reservation of its verdict by

the microcosm be the expression of an unformulated conviction that
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the macrocosm would not l)e what it is if the microcosinic atom wore
not questioning it-a conviction that the distinction l,etwecn the atom
which considers its verdict and the natural world which awaits sen-
tence IS not a distinction which we find in nature, but one that we
make by abstraction and generalization, considering a part as if it were
the whole, and then forgetting that it is only a part and not the
whole?

Is the attempt to tind out whether nature teaches a moral l(>ss(,n

anything more or less than the question whether I am a reasona])lc
and responsible being, able to act wisely or foolishly, and to do right
and wrong?

Huxley tells us the perplexities of ethics spring from the conflict

between man as a product of the cosmic process and man as a member
of organized society. He says that while the self-assertive ape and
tiger promptings of the natural man, which the ethical man bi-ands by
the name of sins, are the products of the survival of the fittest, life as

a member of an artificially organized polity demands self-restraint

instead of self-assertion, and is, in so far, antagonistic to natural

selection.

One may well hesitate to assert that the greatest of all the advocates

of Darwin's work has, in an}^ degree, failed to understand it. Yet a

moment's thought seems to be all that is needed to discover that the

success which survives the struggle for existence is success in rearing

progeny, and not the welfare of the individual. It is because all my
ancestors in mv long natural history did, on the whole, act in such a

way as to promote my interest rather than their own, wlununer there

was any incompatibility ])etween the two, that I am in existence. He

who perceives that the ferocity of the tiger and the salacity of the ape

are as altruistic in origin as the industry of the bee and the mother's

love for her child, can no longer wonder if something in his own

nature impels him to acts which are not to his personal liking or

advantage; for the ethical nature of civilized man is nothing more

than one might have expected from his natural history. It is no more

antagonistic to the cosmic process than the fall of a stone.

It is not as an independent whole, but as part of the universe, that

the stone illustrates the law of gravitation. If one were to consider

it a complete and unconditioned being, and then hunt within it for a

gravitative principle, would he be any more absurd than the ancient

sage who forgets that it is through his own eyes that he att«>m])ts to

look nature in the face and find out its meaning '.

May not man's place in nature teach to the humble-nnnded natural-

ist something about ethics that was hidden from the ancient sage^
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B}^ John Fiske.

The recent publication of an admira])le ineuioir of Huxley, }>v his

son Leonard,^ has awakened in me old memories of some of the pleas-

antest scenes I have ever known. The book is written in a spirit of

charming- frankness, and is thickly crowded with details not one of

which could well be spared. A notable feature is the copiousness of

the extracts from familiar letters, in which everything- is faithfully

reproduced, even to the genial nonsense that abounds, or the big, I)ig-

1) that sometimes, though rarel}^ adds its pungent flavor. Huxley

was above all things a man absoluteh^ simple and natural; he never

posed, was never starched, or prim, or on his good behavior; and he

was nothing if not playful. A biography that brings him before us,

robust and lifelike on every page, as this book does, is surely a model

biography. A brief article, like the present, can not even attempt to

do justice to it, l)ut I am moved to jot down some of the reminiscences

and reflections which it has awakened.

My tirst introduction to the fact of Huxley's existence was in Feb-

ruary, 1861, when I was a sophomore at Harvard. The second serial

number of Herbert Spcncer\s First Principles, which had just arrived

from London, and on Avhich I was feasting my soul, contained an

interesting reference to Huxley's views concerning a ^'pre-geologic

past of unknown duration." In the next serial number a footnote

informed the reader that the phrase "persistence of force," since

become so famous, was suggested by Huxley, as avoiding an objection

which Spencer had raised to the current expression 'V-onservation of

force." Further references to Huxley, as also to Tyndall, in the course

of the l)ook, left me with a vague conception of the three frien.ls as,

after a certain fashion, partners in the business of scieutitic research

and generalization.

'Copyright, 1901, bv Houghton, Mifflin & Co. Reprinted from the Atlantic

Monthly for February,' 1901 , by special permission of the author an.l h.s publisher..

Houghton, Mifflin & Co.
, ,1 , i.. .«•„

^ Life and letters of Thomas Henry Huxley, by his son, Leonard Huxlc>
.

In t«o

volumes. New York: D. Appleton & Co. 1900.
^^^

SM 1900 tt9
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Sonio such vague (•oiu'0])tion ^vas dcvolopod in th(^ mind of the *icn-

eral pii l)lie into divers droll niiseoneeptions. P^ven as Spencer's famous

phrase, "survival of the fittest," which he suggested as prefera))le to

"natural selection." is by many people ascri])ed to Dai'win.so we used

to hear wrathful allusions to Huxley's Belfast Address, and similar

absurdities. The climax was reached in 187t>, when Huxley and his

wife made a short \isit to the United States. Pearly in that year

Tvndall had married a daughter of Lord Claud Hamilton, l)rother of

the I)uk(> of Abercorn. and one tine morning in August we were

gravely informed by the newspapers that "Huxley and his titled

bride " had just arrived in New York. For our visitors, who had left

at home in London seven goodly children, some of them approaching

maturity, this item of news was a source of nuu-h merriment.

To return to my storj" It was not long before my notion of Huxley

came to be that of a very sharph' defined and powerful indi\iduality;

for such he appeared in his lectures on the Origin of Spinics and in his

Evidence as to Man's Place in Nature, ))oth published in l8t)o. Not

long afterwards, in reading the lay sermon on The Advisableness of

Improving Natural Knowledge. I felt that here Avas a poetic soul

whom one could not help loving. In those days I fell in with Youmans,

who had come back from England l)ubl)ling and brimming over with

racy anecdotes about the i)hiloso])hei's and men of science. Of course

the Soapy Sam incident was not forgotten, and Youmans's version of

it, which Avas purely from hearsay, could make no pretension to verbal

accuracy; nevertheless, it may be worth citing. Mr. Leonard Huxley

has carefully compared several versions from eye and car witnesses,

together with his father's own comments, and I do not know where one

could tind a more striking illustration of the dilliculty of attaining

absolute accuracy in writing even contemporary history.

As I heard the antedote from Youmans: It w^as at the meeting of the

British Association at Oxford in is^JO, soon after the puldication of

Darwin's epoch-making book, and while people in general were wag-

ging their heads at it, that the subject came up for discussion before a

fashionable and hostile audience. Samuel Wilbcrforce, the plausible

and self-complacent Bishop of Oxford, commoidy known as "Soapy
Sam," launched out in a rash speech, conspicuous for its ignorant mis-

statements, and highU^ seasoned with appeals to the prejudices of the

audience, upon whose lack of intelligence the speaker relied. Near

him sat Huxley, already eminent as a man of science, and known to look

favorably upon Darwinism, but more or less youthful withal, only five

and thirt}', so that the bishop anticipated sport in badgering him. At
the close of his speech he suddenly turned upon Huxle}^ and begged

to be informed if the learned gentleman was really willing to be

regarded as the descendant of a monkev. Eager self-coulidence had
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l.linded the bishop to the tactical bUinder in thus coarsely invithu-- -i

retort Huxley was instantly upon his feet with a speech demolishhiff
the bishop s card house of mistakes; and at the close he observed th-it
since a question of personal preferences had been very improperly
brought into the discussion of a scientiiic theory he felt free to con-
fess that if the alternatives were descent, on the one hand from a
respectable monkey, or on the other from a bishop of the Enolish
Church who could stoop to such misrepresentations and sophisins as
the audience had lately listened to, he should declare in favor of the
monkey.

Now this was surely not what Huxley said, nor how he said it. His
own account is that, at Soapy Sam's insolent taunt, he simply whis-
pered to his neighbor. Sir Benjamin Brodie, " The Lord hath delivci-ed

him into my hands," a remark which that excellent old gentleman
received with a stolid stare. Huxley sat quiet until the chairman
called him up. His concluding retort seems to have been most cai-e-

fully reported by John Richaid Green, then a student at Oxfoid, in a

letter to his friend, BoA^d Dawkins: ''I asserted—and I repeat—that a

man has no reason to be ashamed of having an ape for his grandfather.

If there were an ancestor whom I should feel shame in i-ecalling. it would

rather be a man—a man of restless and versatile intellect—who, not

content with an equivocal success in his own sphere of activity,

plunges into scientific questions with which he has no real ac(iuaint-

ance, only to obscure them by an aimless rhetoric, and distract the

attention of his hearers from the real point at issue by eloquent

digressions and skilled appeals to religious prejudice." This can

hardly be accurate; no electric eft'ect could have been wrought by so

long-winded a sentiment. I agree with a writer in Macmillan's Maga-

zine that this version is " much too Green," but it doubtless gives the

purport of what Huxley probably said in half as many hut far more

picturesque and fitting words. I have a feeling that the electric efi'ect

is best preserved in the Youmans version, in spite of its manifest ver-

bal inaccuracy. It is curious to read that in the ensuing buzz of

excitement a iady fainted and had to be carried from the room: hut

the audience were in general quite alive to the bishop's blunder in

manners and tactics, and, with the genuine English love of fair play,

they loudh' applauded Huxley. From that time forth it was recog-

nized that he was not the sort of man to be browbeaten. .\s for

Bishop Wilberforce, he carried with him from the afiray no bitter-

ness, but was always afterwards most courteous to his castigatoi-.

When Huxlev had his scrimmage with Congreve, in 18Gi>, over the

scientific aspects of positivism, I was giving lectures to post-graduate

classes at Harvard on the positive philosophy. I never had any bkn.g

for Comte or his ideas, but entertained an absurd notion that the epi-

thet - positive" was a proper and convenient one to apply to scicntihc
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methods and scientitio phil()s()[)hy iji oeneral. In the course of the dis-

cussion I attacked sundry statements of Huxk\v with (|uite unneces-

sary warmth, for such is the superfluous l)ellij;erency of youth. The
World reported my lectures in full, insonuich that each one KUed six

or seven columns, and the editor, Manton Mar))le, sent copies rei^ularly

to Huxley and others. Four 3'ears afterwards I went to Ijondon to

spend some time there in finishing Cosmic Philoso])h3^ and j^ettinj^- it

through the press. I had corresponded with Spencer for several years,

a!id soon after my airival he ^ave one of his cx(juisite little dinnei-s at

his own lodgings, Spencer's omniscience extended to the kitchen, and

as composer of a menu neither Careine nor Francatelli could have

surpasse<l him. The other guests were Huxley, Tvndall. Lewes, and

Hughlings Jackson. Huxley took but little notice of me, and 1 fan-

cied that something in those lectui'cs uuist have offended him. Hut

two or three weeks later Sj)encer took me to the dinner of the ./• Cluh,

all the meml)ers ot' wliicli \vei"e present except Luhhock. When the

coffee was ser\ed Huxley Wrought his t-liaii' around to my side and

talked with me the rest of the evening. My im])ression was that he

was the cosiest man 1 had ever met. He ended l»y inviting me to his

house for the next Sunday at 0, for what he called '" tall tea."

This was the introduction to a series of experiences so delightful

that, it" one could oidy n^peat them, the living ovei- again all the had

(juarters of an lu)ur in one's lifetime would not ]>e too high a |)iice to

pay. I was already at home in sevei'al London houscdiolds, l)ut nowhere

was anything so sweet as the cordial welcom«> in that cosy di'awing-

room on Marlhoi'ough Place, where the great naturalist l»ecam(> sim-

])ly ' l*ater"' (pronounced Patter), to he pulled about and tousled and

kissed l)y those lovelv children. Nor could anything so warm the

heart of an exile (if so UK^lancholy a term can })rop(M"ly he a])plied to

anybody sojourning in beloved London) as to have the little 7-year-old

miss climb into one's lap and ask for fairy tales, whereof I luckily had

an ample re})ertoire. Nothing could be found more truly hospitable

than the long dinner table, where our beaming host used to exi)lain,

'' Because this is called a tea is no reason why a man shouldn't pledge

his friend in a stoup of Khenish, or even in a noggin of Gleidivet, if

he has a mind to." At the end of our first evening J was told that a

plate would be set for me every Sunday, and I must never fail to come.

After two or three Sundays, however, I l)egan to feel afraid of pre-

simiing too much upon the cordiality of these new friends, and so, by

a superhuman efi'ort of self-control, and at the cost of unspeakable

wretchedness, I stayed away. For this truancv I was prompth' called

to account, a shamefast confession was extorted, and penalties, vague

but dire, were denounced in case of a second ofiense; so I never missed

another Sunda}' evening till the time came for leaving London.
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Piu-t of the evening- used to bo spent m the little overcrowded lihriir
before a blazing tire, while we discussed all manner of themes—sciei
title or poetical, practical or philosophical, religious or aesthetic. Hux-
ley, like a true epicure, smoked the sweet little briarwood pipe, but
he seemed to take especial satisfaction in seeing me smoke very hirge
full-rtavored Havanas from a box which some Yankee admirer had scmt
him. Whatever subject came uppermost in our talk, 1 was always
impressed with the fullness and accuracy of his information and the
keenness of his judgments; but that is, of course, what any apprecia-
tive reader can gather from his writings. Unlike Spencer, he was an
omniverous reader. Of historical and literary knowledge, such as one
usually gets from books, Spencer had a great deal, and of an accui-ate

and well-digested sort. He had some incomprehensible way of ahsorl)-

ing it through the pores of his skin—at least, he never seemed to read

books. Huxley, on the other hand, seemed to read everything worth
reading—history, politics, metaphysics, poetry, novels, even books of

science; for perhaps it may not l)e superfluous to point out to the g(Mi-

eral world of readers that no great man of science owes his sclent itic

knowledge to books. Huxley's colossal knowledge of the animal king-

dom was not 1)ased upon the study of Cuvier, Baer, and other prede-

cessors, but upon direct personal examination of thousands of organ-

isms, living and extinct. He cherished a wholesome contempt for

mere ])ookishness in matters of science, and carried on war to the

knife against the stupid methods of education in vogue forty years

ago, when students were expected to learn something of chemistry or

palaeontology l)y reading about black oxide of manganese or the den-

tition of anoplotherium. A rash clergyman once, without furth(>r

equipment in natural history than some desultory reading, attacked

the Darwinian theory in some sundry magazine articles, in which he

made himself uncommonly merry at Huxley's expense*. This was

intended to draw the great man's tire; and as the batteries remaiiKHl

silent the author proceeded to write to Huxley, calling his attention

to th(> articles, and at the same time, with mock modesty, asking

advice as to the further study of these deep questions. Huxley's

answer was ])rief and to the point: "Take a cockroach and dissect it!"

Too exclusive devotion, however, to scalpel and microscope may

leave a man of science narrow and one-sided, dead to some of the most

interesting aspects of human life. But Huxley was keenly ali\ .' in all

directions, and would have enjoyed mastering all branches of knowl-

edo-e if the days had only been long enough. He found rest and ivc-

reation in change of themes, and after a long day's scuM.tihc work at

South Kensington would read Sybel's French Revolution, or Lang.'

s

History of Materialism, or the last new novel, until th.' witching l.onr

of midnight. This reading was in various languages. W itlx.ut a
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univer.sity educ«ation, Huxley' had a reniarkabl}^ g-ood knowledg-e of

Latin. lie was fond of Spinoza, and every once in a while; in the

course of our ohats, he would exclaim, '"Come, now, let's see what old

Benedict has to say aboufitl There's no better man." Then he would

take the book from its shelf, and while we both looked on the page he

would give voice to his own comments in a broad liberal paraphrase

that showed his sound and scholar-like ap])rociation of every point in

the Latin text. A spirited and racv version it would have been had

he ever undertaken to translate Spinoza. So I rememl)er saying once,

but he replied: "'We must leave it for young Fred Pollock, whom I

think you have seen; he is shy and doesn't say much, but I can tell

you, whatever he does is sure to be amazingly good." They who are

familiar with Sir Frederick Pollock's noble book on Spinoza, to say

nothing of his other works, will recognize the truth of the prophecy.

Huxley had also a mastery of French, Italian, and German, and

perhaps of some other modern languages. Angelo Ileilprin says that

he found him studying Russian, chietly in order to acquire a thorough

familiarit}' with the work of the great anatomist, Kovalevsky. How
far he may have carried that study I know not; but his son tells us

that it was also in middle life that he l)egan Greek, in order to read at

first hand Aristotle and the New Testament. To read Aristotle with

critical discernment requires an extremely good knowledge of Greek;

and if Huxley got so far as that, we need not l)e surprised at heai-ing

that he could enjoy the Homeric poems in the original.

I suppose there ^vere few topics in the heavens or on earth that did

not get overhauled at that little library fireside. At one time it would

be politics, and my friend would thank God that, whatever mistakes

he might have made in life, he had never bowed the knee to either of

those intolerable humbugs, Louis Napoleon or Benjamin Disraeli.

Without admitting that the shifty Jew deserved to be placed on quite

so low a plane as Hortense Beauharnais's feeble son, we can easily see

how distasteful he w'ould be to a man of Huxley's earnest and whole-

souled directness. But antipathy to Disraeli did not in this case mean
fondness for Gladstone. In later years, when Huxlc}- was having his

great controversy with Gladstone, we find him writing: ""Seriously, it

is to me a grave thing that the destinies of this country should at

present be seriously influenced by a man who, whatever he may ])e in

the afl^airs of wdiich I am no judge, is nothing but a copious shuffler in

those which I do understand." In 1878 there occurred a brief passage

at arms between Gladstone and Herbert Spencer, in which the great

statesman's intellect looked amusingly small and commonplace in con-

trast with the giant mind of the philosopher. The defeated party was

left with no resources except rhetorical artifice to cover his retreat,

and his general aspect was foxy, not to sav Jesuitical. At least so

Huxle}' declared, and I thoroughh^ agreed with him. Yet surely it
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would be a very inadequate and unjust estimate of Gladstone which
sliould-set him down as a shuffler and there leave the matter. From
the statesman's point of view it might be contended that Ghidstonc
was exceptionally direct and frank. But a statesman is seldom, if

ever, called upon to ascertain and exhibit the fundamentid facts of a
case without bias and in the disinterested mood which science demands
of her votaries. The statesman's business is to accomplish sundry
concrete political purposes, and he measures statements primarily, not

by their truth, but by their availableness as means toward a practical

end. Pure science cultivates a widely diti'erent habit of mind. One
could no more expect a prime minister, as such, to understand Huxley's

attitude in presence of a scientific problem than a deaf-nuite to com-

prehend a symphony of Beethoven. Gladstone's aim was to score a

point against his adversary, at whatever cost, whereas Huxley was as

quick to detect his own mistakes as anybody else's; and such differ-

ences in temperament were scarcely compatible with nuitual under-

standing.

If absolute lo^^alty to truth, involving complete self-abnegation in

face of the evidence, be the ideal aim of the scientific inquirer, there

have been few men in whom that ideal has been so perfectly I'ealized

as in Huxley. If ever he were tempted by some fancied charm of

speculation to swerve a hair's breadth from the strict line of fact, the

temptation was promptly slaughtered and made no sign. For intel-

lectual integrity he was a spotless Sir Galahad. I believe there was

nothing in life which he dreaded so much as the sin of allowing his

reason to be hoodwinked by personal predilections, or whatever Francis

Bacon would have called "idols of the cave." Closely connected with

this ever present feeling was a holy horror of a priori convictions of

logical necessity and of long festoons of deductive argument suspended

from such airy supports. The prime necessity for him was to appeal

at every step" to observation and experiment, and in the al)senc.> ()f

such verification to rest content with saying, " 1 do not know." It is

to Huxlev, I believe, that we owe the epithet ^Agnostic," for which

all men of scientific proclivities owe him a debt of gratitude, since it

happened to please the popular fancy, and at once supplanted the

label "Positivist," which used to be ruthlessly pasted upon al such

men, in spite of their protests and struggles. No better word than

-Ag.K)stic" could be found to express Huxley's mental temperament

but with anything like a formulated system of agnosticism he had

little more to do than with other "isms." He used to --'^-^t

formidable parade which Lewes was making with h^s Objective M th d

and Verification, in which capital letters did duty tor pa <> the

arcrument- and as for Dean Hansel's elaborate agnostwis.n in us

L^n>f Religious Thought, Huxley, taking a '-^t^--
.^^j^^^;;

used to liken him to a (theological) umkeeper who has climbed
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ui)on the signbourd of the rival (.sfientitio) inn, and is husily sawing

it otf, quite oblivious of the gruesome fact that he is sitting upon the

unsu])i)ortcd end! But while he thus set little store by current agnostic

metaphysics, Huxley's intellectual climate, if I may so speak, was

one of perfect agnosticism. In intimate converse with him, he always

seemed to me a thoroughgoing and splendid representative of Hume;
indeed, in his writings he somewhere lets fall a remark expressing

a higher regard for Hume than for Kant. It was at this point that

we used to part company in our talks; so long as it was a question of

Berkeley we were sul)stantiallv agreed, V)ut when it came to Hume we
agreed to ditter.

It is this complete agnosticism of temperament, added to his abiding

dread of intellectual dishonesty, that explains Huxley's attitude toward

belief in a future life. He was not a materialist; nobody saw more
clearly than he the philosophic Himsiness of materialism, and he looked

with strong disapproval upon the self-complacent negations of Lud-

wig Bucchnei". Nevertheless, with I'egard to the belief in an immor-

tal soul his position was avowedly agnostic, with perhaps just the

sliglit(>st possible^ tacit though reluctant homing toward the negative.

This slight bias was apparently tlue to two causes. First, it is practi-

cally beyond the power of science to adduce evidence in support of the

soul's survival of the body, since the whole (|uestion lies l)eyond the

l)ounds of our terrestrial experience. Huxley was the last man to

assume that the possibilities of nature are limited by our experience,

and 1 think he would have seen the force of the argument that, in

(luestions where evidence is in the nature of the case inacc(\ssil)le, our

inability to produce it does not afford even the slighest prima facie

ground for a negative verdict.' Xeverth(dess, he seems to Jiave felt

as if the at»sence of evidence did aH'oi'd some such prima facie ground,

for in a letter to Charles Kingsley, written in LS60, soon after the

sudden death of his tirst child, he says: •'Had I lived a couple of cen-

turies earlier, I could have fancied a devil scoffing at me .

and asking me what profit it was to have stripped myself of the hopes

and consolations of the mass of mankind; to which myoidy replv was,

and is, () devil! truth is ])etter than nuich profit. I have searched

over the grounds of my belief, and if wife and child and name and

fame wei-e all to l)e lost to me, one after the other, as the penalty,

still 1 will not lie." This striking declaration shows that the second

cause of the bias w^as the dread of self-deception. It was a noble exhi-

bition of intellectual honesty raised to a truly Puritanic fervor of self-

al)negation. Just because life is sweet, and the love of it well-nigh

irrepressible, must all such feelings be suspected as tempters, and

frowned out of our temple of philosoph}". Rather than run any risk

of accepting a belief because it is pleasant, let us incur whatever chance

^I have explained this point at some len<i;tli in The Unseen AVorld, pp. 43-53.
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there may be of error in the opposite direction; thus wo sluill at least
avoid the one unpardonable sin. Such, I think, was the shape which
the case assumed in Huxley's mind. To me it takes a very dillcivnl
shape; but 1 can not help feeling- that mankind is going to he helped
by such stanch intellectual integrity as his far more than it is going to

be helped by consoling doctrines of whatever sort; and thercfoiv^his
nol)le self-abnegation, even though it may have l)een greater than was
called for, is worthy of most profound and solemn homage.
But we did not spend the whole of the evening in the little library.

Brierwood and Havana at length gave out, and the drawing-room had

its claims upon us. There was a fondness for music in the family, and
it was no unusual thing for us to gather around the piano and sing

psalms, after which there would perhaps be a Beethoven sonata, or

one of Chopin's nocturnes, or perhaps a song. 1 can never forget the

rich contralto voice of one bright and charming daughter, since passed

awa}^, or the refrain of an old-fashioned song Avhich she sometimes

sang about "My love, that loved me long ago." From nuisic it was

an easy transition to scraps of Browning or Goethe, leading to \ai-i()us

disijuisitions. Of mirth and ])adinage there was always plenty. 1 dare

sa}^ there w^as not another room in London where so much exuberant

nonsense might have been heard. It is no unconunon thing for masters

of the Queen's English to delight in torturing it, and Huxley enjoyed

that sort of pastime as much as James liussell Lowell. '• Smole" and

"declone" were specimens of the preterits that used to fall from his

lips; and as for puns, the air was ])lue with them. 1 can not recall

one of them now, but the following example, from a letter of 1855

inviting Hooker to his wedding, will suffice to show the quality: "1

terminate my Baccalaureate and take my degree of M. A. ti-iniony

(isn't that atrocious?) on Saturday, July 21."

One evening the conversation happened to touch upon the memor-

al)le nuirder of Dr. Parkman ])y Dr. Webster, and I expressed some

surprise that an expert chemist like We])ster should have been s.. slow

in getting his victim's remains out of the way. - Well," <iuoth Huxley,

"there's a o-ood deal of substance in a human l)ody. It isn t easy to

dispose of ,^ much corpus delicti-a retiection which has tnM|.,ent y

deterred me when on the pointof killing somebody." At su.-h reu.ark.s

a^.oft ripple of laughter would run about the room, wth nu.rmurs ot

"Oh Pater'" It was just the same in his lectures to ii:s stu<leni>.

In the simple old experiment illustrating reflex action a trog whose

brain had been removed, was touched upon the nght s.de ot the hack

with a slightly irritating acid, and would forthwith reach up w, h h s

right hind leg and rub the place. The next thmg u, order was o

^
the rioht leg; whereupon the left leg would come up. and I n du,t ot

ulnuous eSirt reach the itching spot. One day the stret<-lung .a>
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SO violent as to result in a particularly elaborate and eoniical somer-

sault on the part of the frog, whereupon Huxley exclaimed, '"You see,

it doesn't require much of a brain to be an acrobat!'' In an examina-

tion on anatomy a very callow lad got the valves of the heart wrong,

putting the mitral on the right side; but Huxley took compassion on

him, with the remark, "' Poor little beggar! I never got them correctly

myself until J reflected that a bishop was never in the right!" On
another occasion, at the end of a lecture, he asked one of the students

if he understood it all. The student I'cplied, ''AH, sir, but one part,

during which you stood between me and the })lackboard." "Ah,"
rejoincMl Huxley, "I did my best to make myself clear, but could not

make myself transparent!"'

Probal)ly the most tedious bore on earth is the man who feels it

incumbent on him always to be facetious and to turn everything into

a joke. Lyncii law is al)out the right sort of thing for such persons.

Huxley had nothing in connnon with them. His drollery was the

>pontane()us bul)bling over of the seething fountains of energy. The
worhTs strongest .spirits, from Shakespeare down, have l»een noted for

playfulness, 'i'he ])i'iin and sober creatures who know neither hovv to

poke fun noi* to take it are apt to be the persons who are i-idden by

llieir work useful mortals after their fashion, mayhap, but not inter-

esting or stinuilating. Huxley's })layfulness lighttMied the buideii of

life for himself and for all with whom he came in contact, 1 seem to

see him now, looking up from his end of tlu' table—for my place was

usually at Mrs. Huxley's end—his dark eyes kindling und«'r their

shaggy brows, and a smile of indescribable beauty spreading over the

swarthy face, as prelude to some keen and pithj' but never unkind

remai'k. Electric in energy, f<)rmidal)le in his incisivenivss, he smote

hard; but there was nothing cruel about him, nor did he ever inflict

pain through heedless remarks. That would have been a stupidity of

which he was incapal)le. His quickness and sunmess of perception,

joined with his abounding kindliness, made him a man of almost infi-

nite tact. I had not known him long before I felt that the ruling

charactei'istic in his nature was tenderness. He reminded me of one

of Charles Reade's heroes, Colonel Dujardin, who had the eye of a

hawk, but down somewhere in the depths of that eye of a hawk there

was the eye of a dove. It was chiefly the S3'mpathetic quality in the

man that exerted upon me an ever-strengthening spell. My experi-

ences in visiting him had one notable feature, which 1 found it hard to

interpret. After leaving the house, at the close of a Sunday evening,

the outside world used to seem cold and lonely for being cut off from

that presence; 3'et on the next Sunday, at the moment of his cordial

greeting, a feeling always came over me that up to that moment 1 had

' I liave here eked out my own reniini.sceiice!^ by instances cited from Leonard

Huxley's book.
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never fully taken in how lovable he was; I had never (luite done him
iustice. In other words, no matter how vivid the iniaov which I car-
ried about in my mind, it instantly seemed dim and poor in presence
of the reality. Su(;h feelings are known to lovers; in other relations
of life they are surely unusual. I was speaking about this to my dear
old friend, the late Alexander :Macmillan, when he suddenly exclaimed:
"You may well feel so, my boy. I tell you, there is so much real
Christianity in Huxley that if it were parceled out among all the men,
women, and children in the British Islands there would be enough to
save the soul of every one of them, and plenty to spare!''

I have said that Huxley was never unkind; it is perhaps hardly

necessary to tell his readers that he could be sharp and severe, if the

occasion required. I have heard his wife say that he never would
allow himself to be preyed upon by bores, and knew wt^ll how to

get rid of them. Some years after the time of which 1 ha\'e been

writing I dined one evening at the Savile Club with Huxley, Si)encer,

and James Sime. As we were chatting over our coffee, some person

unknown to us came in and sat down on a sofa near b3\ Presently this

man, becoming interested in the conversation, cut short one of our

party and addressed a silly remark to Spencer iji reply to something

which he had been saying. Spencer's answer was civil, but brief, and

not inviting. Nothing abashed, the stranger kept on and persisted in

forcing himself into the conversation, despite our bleak frown.s and

arctic glances. It was plain that something must be done, and while

the intruder was aiming a question directly at Huxley the latter turned

his back upon him. This was intelligible even to assinine apprehen-

sion, and the remainder of our evening was unmolested.

I never knew (not being inquisitive) just when the Huxleys began

having their '^tall teas" on Sunday evenings; but during that Hrst

winter I seldom met uny visitors at their house, except once or twice

Kay Lankester and Michael Foster. Afterwards Huxley, with his wife,

on their visit to America, spent a few sunnner days with my family at

Petersham, where the great naturalist learned for the first tune what

a tin dipper is. Once, in London, in speaking al)out the starry heavens,

I had said that I never could make head or tail of any constellation

except the Dipper, and of course everybody nuist .-ecognize in that

the resemblance to a dipper. To my surprise one of the young hdivs

asked " What is a dipper? " My effort at explanation went far enough

to evoke the idea of "a ladle," but with that approximation I was tain

to let the matter rest until that August day in New hngland, when,

after a tramp in the woods, my friends quailed cool mountain water

from a dipper, and I was told that not only the name, but the thing, is

a Yankee notion. . . , . „

Some time after this I made several visits to Enghind, giving e.tui
.

.

at the Koyal Institution and elsewhere, and saw the Huxleys often, and
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on one occusion. with my wife, spent a fortnight or so at their home
in M:irll»oroiiij;ii PUico. The Sunday evenings had come tt) ])e a time

for receiving friends, without any of the formality that often attaches

to ''receptions/' Half a dozen or more would drop in for the "high

tea." I then noticed the change in the adjective, and observed that

the phrase and the institution were not absolutely confined to the Hux-
\oy household: liut their origin is still for me enshrouded in mystery,

like the ''empire of the Toltecs," After the informal and jolly sup-

l)er others would come in, until the company might number from

twenty to thirty. Among the men whom I recall to mind (the married

ones acconn)anied by their wives, of course), were Mark Pattison,

Lecky, and .1. R. Green, Burdon Sanderson and Lauder Brunton,

Alma Tad(Mna. Sir James Stephen and his brother Leslie. Sir Frederick

Pollock, Lord Arthur Russell, Frederic Harrison, Spencer Walpole,

Romanes, and Ralston. Some of these I met for the first time; others

wen* old friends. Nothing could be more charming than the graceful

simplicity with which all were (Mitertained, nor could anything be

more evident than the atlectionate veneration which (nerybody felt for

the host.

The last time that 1 saw my dear friend was early in 1.S88, just before

coming home to America. I found him lying on the sofa, too ill to

say much, but not too ill for a j<»st or two at his own ex])ense. The
series of ailments h:id begun which were to follow him for the rest of

his days. ] was much concerned about him. but journeys to England

had come to seem such a sim])le matter that the thought of its being

our last meeting never entered my mind. A few letters passed back

and forth with the lapse of years, the last one (in 189-i) inquiring when
1 was lik(*ly to be able to come and visit him in the |)retty home which

he had made in Sussex, where he was busy with '•digging in the gar-

den and spoiling grandchildren." When the news of the end came, it

was as a sudden and desolating shock.

There werc^ few magazines or newspapers which did not contain

articles about Huxley, and in general those articles were considerabl}^

ULore than the customary ol)ituary notice. They were apt to ])e more

animated than usual, as if they had caught something from the blithe

spirit of the man; and the}" gave so many details as to show the warm
and widespread interest with which he was regarded. One thing, how-

ever, especialh' struck me. While the writers of these articles seemed

familiar with Huxley's philosophical and literary writings, with his

popular lectures on scientitic subjects and his controversies with sundry

clergymen, thej' seemed to know nothing whatever about his original

scientitic work. It was realh' a singular spectacle, if one pauses to

think aliout it. Here are a score of writers engaged in pacing tribute

to a man as one of the great scientific lights of the age, and vet, while

they all know something about what he would have considered his
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tug-itive work, not one of them so iniu-l, as allucl,.s to th. ,a.<lin-il
achievements m virtue of which his name marks an epoch' It is v,.rv
much 118 if the biographers of Newton were to enlarov upon hisoffici-il
labors at the mint and his theory of light, while preserving a dead
silence as to gravitation and fluxions. A few woids concerning Hux-
ley's work will therefore not seem superfluous. A few words'^are all

that can here be given; I can not pretend even to make a well-rounded
sketch.

In one respect there was a curious similarity between the beginnings
of Huxley's scientific career and of Darwin's. Both went, ;w young
men, on long voyages into the southern hemisphere in ships of the
royal navy, and from the study of organisms encou?itei-cd on these

voyages both were led to theories of vast importance. Huxley studied

with keen interest and infinites patience the jellyfish and polyps floating

on the surface of the tropical seas through which his sjiip passcul.

Without books or advisers, and with scant aid of any soi-t except his

microscope, which had to be tied to keep it steady, he scrutinized and

dissected these lowly forms of life, and made drawings and diagrams

illustrating the intricacies of their structure, until he was able, by

comparison, to attain some very interesting results. I )uri ng four years,

he says, "I sent home communication after communication to the

Linnsean Society, with the same result as that obtained by Noah when

hesent the raven out of his ark. Tired at last of hearing nothing about

them, I determined to do or die, and in 1849 1 drew uj) a more elabo-

rate paper, and forwarded it to the Roval Society." This was a menu >i r

On the Anatomy and the Affinities of the Family of Medusa-; and it

proved to ])e his dove, though he did not know it until his retuiii to

England, a year later. Then he found that his paper had l»een i)ul.-

lished, and in 1851, at the age of 26, he was made a Fellow of the

Royal Society. He went on writing papers giving sundry ivsults of

his observations, and the very next year received the society's royal

medal, a supreme distinction which he shared with .loule. Stokes, and

Humboldt. In the address upon the presentation of the nu'dal. the

president, Lord Rosse, declared that Huxley had not only for th.' lirst

time adequately descri})ed the Medusji? and laid down rational prin.-iples

for classifving them, but had inaugurated ^' a process of reasoning, the

results of which can scarcely yet be anticipated. l)ut must hear m a very

important degree upon some of the most abstruse points of what may

be called transcendental physiology."

In other words, the vouthful Huxley had made a discovery lh:jt went

to the bottom of things; and as in most if not all siM-h cas.-s. he had

enlarged our knowledge not only of facts, butof metho.l.. It was the

beginning of aprofound reconstruction of the (•lass.lieat.<...olamn.ai>,

extinct and living. In the earlier half of the c-entury the truest class,-

fication was Cuvier's. That great genius emancipated himself from the
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notion that o-roups of animals should l)o arranjrod in an asr-ondin^ or

(h'sconding scries, and he fully proved the existence of three divert^ent

types—Vertebrata, Mollusca, and Articulata. Some of the multitude

of animals lowm* or less specialized than these he j^roupt^d by mistake

alonw- with Mollusca or Articulata. while all the rest he threw into a

fourth class, which he called Radiata. It was evident that this type

was fai- less clearly defined than the three hioher types. In fact, it

was open to the same kind of ol)jection that used to be efi'ectively urged

aj'-ainst Max Muller's so-called Turanian group of languages; it was
mei-ely a negation. Kadiata were simply animals that were neither

.Vrticulata nor Mollusca nor Vertebrata; in short, the>' were a motley

multitude, about which there was a prevailing confusion of ideas at the

time when young Huxley l)egan the study of jellyfish.

We all know Jiow it wtis the work of the great Esthonian embr3^o-

logist, Baer, that turned Herbert Spencer toward his discovery of the

law of evolution. It is therefore doubly interesting to know that in

these earl}' studies llu.xley also profited by his knowledge of Baer's

methods and results. It all tended toward a theory of evolution,

although Baer himself never got so far as evolution in the modern
sense; and as for Huxley, when he studied Medusie, he was not con-

cerned with any general theory whatever, but only with putting into

shape what he saw.

And what he saw was that throughout their development the Me-
fhisae consist of two foundation membranes or delicate we))-like tissues

of cells—one forming the outer integument.the other doing duty as stom-

ach lining—and that there was no true l)ody cavit}' with blood vessels.

I le showed that groups apparently (juite dissimilar, such as the hydroid

and sertularian i)olyps, the Physophorida* and sea anemones, are con-

structed upon the same plan; and so he built up his famous group of

Coelenterata, or animals with onl}^ a stomach cavity, as contrastcnl with

all higher organisms, which might l)e called Cwloraata, or animals with

a true body cavity containing a stomach with other viscera and blood ves-

sels. In all Oelomata, from the worm up to man, there is a third foun-

diition membrane. Thus the Cuvierian group of Radiata was broken up,

and the way was prepared for this far more profound and true arrange-

ment: (1) Protozoa, such as the anueba and sponges, in which there is

no distinct separation of parts performing different functions; (2) Coe-

lenterata, in which there is a simple differentiation between the inside

which accumidates energy and the outside which expends it; and (3)

Coelomata, in which the inside contains a more or less elaborate nys-

tem of distinct organs devoted to nutrition and reproduction, while

the outside is more or less differentiated into limbs and sense organs

for interaction with the outer world. Though not yet an evolutionist,

Huxley could not repress the prophetic thought that Coelenterata are

ancient survivals, representing a stage through which higher animal

t3'pes must once have passed.
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As further elaborated ])y Huxley, the development al,ove the ccelen-
terate_ .stage goes on in divergent lines; stoppino- al.ruptlv in .some
directions, in others going- on to great lengths. Thus, in the direc-
tion taken by echinoderms, the physical possibilities are speedilv
exhausted, and we stop with .starfishes and holothurians. But among
Annuloida, as Huxley called them, there is moi-o tlexil)ilitv. and we
keep on till we reach the true Articulata in the highly .specialized
insects, arachnoids, and cru.staceans. It is still more interest! no- to
follow the Molluscoida, through which we arc led, on the one hand, to
the true Mollusca, reaching their culmination in the nautilus and octo-

pus, and on the other hand, to the Tunicata. and .so on to the verte-
brates.

In the comparative anatomy of vertebrates, also, Huxley's achieve-
ments were in a high degree original and remarkable. First in impor-
tance, perhaps, was his classitication of birds, in which their tiuic

position and relationships were for the first time di.sclo.sed. Iluxlev

showed that all birds, extinct and living, must bearranged in three

groups, of Avhich the first is represented by the fossil archa^opteryx.

with its hand-like wing and lizard-like tail; the second by the ostricii

and its congeners, and the third by all other living birds. He further

demonstrated the peculiarly close relationship between birds and rep-

tiles through the extinct dinosaurs. In all these matters his power-

ful originality was shown in the methods by which these important

results were reached. Eveiy new investigation which he made seemed

to do something toward raising the study of biology to a highei- plane,

as, for example, his celebrated controver.sy with Owen on the true

nature of the vertebrate skull. The mention of Owen reminds us that

it was also Huxley who overthrew Cuvier's order of Quadrumana by

proving that apes are not four handed, Imt have two hands and two

feet; he showed that neither in limbs nor in biain does man present

difierences from other primates that are of higher than gen('ri(- valne.

Indeed, there were few corners of the animal world, past or picsent,

which Huxley did not at .some time or other overhaul, and to our

knowledge of which he did not make contributions of prime impor-

tance. The instances here cited may .serve to show the kind of work

which he did, but my mention of them is nece.s-sarily meager. In the

department of classification, the significance of which has been iui-reased

tenfold by the doctrine of evolution, his name must surely rank fore-

mo.st among the successors of the mighty Cuvier.

Before 1860 the va.stness and accuracy of Huxley's ac«iuirements aiul

the soundness of his judgment were well understood by the men of

his profession, iasomuch that Charles Darwin, when about t.. publ.sh

The Origin of Species, .said that there were three men m L..gland

upon whose judgment he relied: if he could convince those three, he

could afford to wait for the rest. The three were Lyell, Hooker, and
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Iliixlev, iiiid ho convincod thoiii. How sturdily Huxley fouj^ht Dar-

win's hattlcs is iiispirino- to reniciulier. Darwin rather shrank from

controvcr.s}', and. while he welcomed candid criticism, seldom took any

notice of ill-natured attacks. On one occasion, nevertheless, a some-

what Ui^ly assault moved Darwin to turn and rend the assailant, which

was easily and lu^atly done in two paues at the end of a scientific

paper, liefoie puhlishinm- the ])a])er. hoAvever, Darwin sent it to Hux-

ley, authorizino- him to omit the two ])a<:('s if he shoukl think it l)est.

Huxley promptly canceled them, and sent Darwin a delicious little

note, sayinj:" that th(^ retort was so excellent that if it had becji his own

he should hardly have had virtue enou*^h to sui)press it; but althou<>"h

it was well deserved, he thoii<iht it would l)e better to refrain. "If I

sa}' a savaji'c thinj^. it is only 'pretty Fanny's way;' hut if you do, it is

not likely to be forgotten." There was a friend worth havinii".

There can be little doubt, I think, that, without a particle of lancor,

Huxley did keeidy feel the *^audium ceitaminis. He exclaimed amono-

the trumpets, Hal hal and was sure to be in the thickest of the tioht.

His family seemed to think that the ""Gladstonian dose" had a tonic

ertect u])on him. When he felt too ill for scientific work, he was

(|uite ready for a scrimmaiic with his friends, the bishops. Not car-

ing;- nuich for episco})()pha<iV (as Huxley once called it), and feeling

that controversy of that sort was ]>ut a slaying of the slain, 1 used to

grudu'e the time that was given to it, and taken from other things. In

1S7'.» he showed mi' the synopsis of a i)rojected book on The Dog,

which was to be an (triginal c()nti"il)ution to the phylogenetic history

of the ordei- C'arni\<)ra. The icadei' who recalls his book on The

C'raytish may realize what such ;i l)0()k about dogs would have been.

It was interrupted and deferred and finally jmshed aside V)y the thou-

sand and one duties and cares that were thrust upon him—work on

govenuuent conunissions, ediu-ational work, parish work, everything

that a self-sacrificing and public-spirited man could b(» loaded with.

In the later ye:irs, whenever I opened a magazine and found one of

the controversial articles I read it with pleasure, ))ut sighed for the

dog book.

I daresay, though, it was all for the l)est. "To smite all humVmgs,

however big; to give a nobler tone to science; to set an example of

abstinence tioni petty personal controversies, and of toleration for

evei-ything Imt lying; to l)e inditterent as to whether the work is rec-

ognized as mine or not. so \o\m as it is done'"—such were Huxlev's

aims in life. And for these things, in the words of good Ben Jonson,

"I loved the man, and do honor to his memory, on this side idolatry,

as much as any."
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Beattie, J. C. , <in Becciuerel rays 382

Beaver, habit.s of 517

in National Zoological Park 51 7-522

the outlaw, character study of 517

Bec<iuere], Henri, radiations discovere^l by 331, 380

Beccpierel rays, experiments with 381

researches in 372

Bel, excavation of temjile <if 543, 544

Bell, Alexander Graham 21

5

executive committee report by lvii

exhibits telephone in 187«) 341

invents telephone 330

meml)er of committee on graduate study xvii, 3

on aerodrome experiment 199

on Kidder becjuest xiv

on plan for graduate study xxvii

Smithsonian Regent x, 4

Bell's theorem, discovery of 470

Benitz, Alfred, live peccary from 90

Bennett, James Gordon, Stanley sent to Africa by 421

Bentley, Edward M., underground conduit designed by 347

Bequest, Kidder, expenditure of xiii

Wallace C. Andrews provisional xiii

Berendt, Carlos H. , ^laya vocabulary from 67

Berger, Philippe, paper by 114

Berthelot, M., on Brown-Sequard 114

Berzelius, Jacob, determination of atomic weights by 239

Bethge, Lieut. D. von, on Zeppelin balloon 221

Bevier, Ix)uis, researches by 10

Bianco, Salvatore Lo, on preservation of animals 58, 116

Bibliography, of chemical dissertations 16, 112

of Mississijjpi 117

of study of history 117

Bidwell, Shelford, on curiosities ( )f vision 113

Billings, John S., on progress in medicine during nineteenth century 637-644

Biological additions to Museum 52

Biology, greatest discovery in 462

growth of, in nineteenth century 4H1-478

marine 493

Bird flight, Rayleigh on 195



INDEX. 733

Page.

!)07

53

Bird photography, by Dugmore
Birds, added to Museum collection

Huxley's classification of

study of motion of T^

Birt, W. R., kite observations by .>9

1

Board of Kegents, see Regents.

Boelimer, George H., in charge of exchanges ;^9

Bolometer, description of ,.g(.

invented by S. P. Langley ;{2() (i86

Langley's researches with, on M( )nnt A\'hil iiey (187

minute accuracy of (;s7

Bolometric apparatus in solar-eclipse work ]();-{

researches during solar eclipse ir>0

Bolti >n, H. C. , bibliography of chemistry by ] ti, 11

2

on radio-active substances W

Botta, Emil, Babylonian explorations by rt'Mi

Borchgrevink, Antarctic explorations b}- 42.')

Bourne, Edward G, paper by 117

Bourne, Henry E.
,
paper by 117

Bowlby, Mr., killed by Chinese (i-'H

Boys, Profes.sor, researches b}' I'M

Brabrook, E. W., paper by IH
Brain, anatomy of, increase in knowledge of ().S9

localized functions of 470

Brandt, Karl, on life in the ocean 4i«-50(J

Branner, J. C. , marine invertebrates from 53

Brasseur and Sampolo process of color i)h( )tography 523

Brodie, Sir Benjamin '
!•'

Brooks, William Keith, on lesson of the life of Huxley 7iH-712

Brown-Sequard, life and works of - •
1"*

Buckham, M. H. , member of graduate-study connnittee x v 1

1

Buffalo exposition, Smithsonian participation in ^1

Building, INIuseum, inadequacy of
•^''^

repair of '^ ''^

'

Buildings, Secretary's report on -

_^

_'

Bunsen, Robert, chemical studies by - " '

Bureau of American Ethnology, appropriations for '^^

c(j]le(;tionH by '^

explorations by "^'

(inances of .x.x.xii

Powell's report on "•^'

publications of

Secretary Langley's report on

work in philology by

work in sociology by

work in sophiology by

Bureau of graduate study in Smithsonian Institution, phm f..r

llii

3(1

m
(>4

XVIII

C.

. ^.. .... 41il

Caillie's explorations ui Africa
|,^|.,

Campenon, commandant of French army in China - - -

^^_^
^^_-

C!anals of Mars

Canning, Sir Stratford
I

,

Cannon, Henry Lew in, paper by

>.w
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Cele.>Jtial i>liotogra})hy, ])rogress in 131

Cell tlu'ory of animals and plants 4()2

Century's great men of science, I'eirce on (i!»:!-()99
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industries at Niagjira 352

jtroce.sses of life 472

science and biology, relation of 475

Chemistry, and connnercial su))remacy 256

bil)liography of 112

industrial, progn-.ws in 250

inorganic, Stokes on 114
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public works in 569
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trade of United States with 567

Chinese demonology and witchcraft 595
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dragon, suggested by fossil animals 575

Empire, extent of 508

folklore and western analogies, Williams on 575-600

immigration in Farther Asia 117

laborers in United States 572

merchants, honesty of 573

minister, gift from xv

proclamation against foreigners 603

treatment of foreign envoys <)09, 634

C;iioate, Joseph H., letter to • 37
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1 12-117
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Clarke, John M. , fossils from 54
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Coal, abundant in China oijS

rate of growth of 313

Collodion cotton, uses of 398

Color photography, advance in 523

printing, three-color jirocess 523

standards of, proposed work on 22

Comets and meteors, progress in study of „ .
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148

Committees on graduate stu<iy in Washington vv 1

1

Condensation producing dust particles. Barns on II

Confucius, golden rule of i'OS

Congo River, exploration of -118

Congressional acts and resolutions '' x

Conservation of energy, discovery of principle of -JlS

Continents, evolution of -' ^^
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!'"»

Cooke, Hr. R. P. , study of yellow fever by t)63

Cooke, Thomas, optical work by '~^

Cooperation of Executive Departments ^'
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restoration of extinct animals, by ^^"'
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Cotheal, E. H., collections from '_"^

Coues, Elliott, death of
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psychical research by
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'^ ^

Cuba, antiquities from _-,,

Powell and Holmes in
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zoological collections from ^^
Culk.m, Shelby M., Smithsonian Regent
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^^.^^^

Cuneiform tablets, discovery of . . - -
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^,;

decipherment of
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tlunniugham, E. S. , animals secured by
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Curie Pierre and Madame, discoveries 1
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I
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^»4

Curtiss, A. H., plants from r,i_7i

Cushing, Frank Hamilton, death of . .
- _r,j)

explorations by
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Cuvier, restorations of mammals by
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study <jf fossils by
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Dalton, John, chemical theory of 237

Daniel, J. W., jr., collections from 53
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Darwin, G. H., on a<;e of the earth 298
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Hnxley on 469

Dastre, A., ])aper by 114
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Davison, C, cited .309

Davis, William Morris, <,'eolo<rical stndies by 283

Davy, Sir Hmnphry, chemical discoveries ])y 235

Peirce on scientific work of 695

researches by 327

de Chalmot, Marie, plants from 53

I )e ( Jerlache, Antarctic exploration by 425

Delabeche, Sir Henry, restoration of t-xtimt animals by 483

de Leon, IVrry, colh'ctions from 52

Dt'litzsch, Friedrich, on discoveries in MesojMitamia 5;{5-540

iKluire, Babylonian account of the 540

Demonolojry, ("hini-se 595

De Morgan, excavations at Snsa by 545

Deville, St. Claire, on density of jrases 243

Dewar, James, medal awarded to xiv
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researches by .'519
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D'llerisson, Count, on loot of snnnner jtalace at I'ckin (iOl-635
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Dinosaurs, charac-ter of covering of 489

restoration of 480

Dinsmore, Hugh A., Sniithsi>nian Kegeiit x, 2,
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Diphtheria, prevention of 643

Documentary history of Smithsonian Institution i.ix, 16

Dodson, W. P., African objects from 52

Dohrn, Dr., director of Najdes station 14

Dogs and savages, Langkavel on 114

Douglass, A. E., on a message from Mars 169

Dow% Earl Wilbur, paper by 117

Dragon, Chinese, suggested by fossil animals 575

Dragons' bones, fossil teeth called 576

Draper, Henry, first to photograph star spectra 132

Draper, Dr. John, spectrum researches by 6cS9

Draper, J. W., makes first celestial i)hotograph 132

Draper, Mr. , member of eclipse expedition 149

Draper, P. A., solar eclipse work by 151

Draper's researches in solar spectrum 685

Droit de Banalite, Munro on 117

Du Bois-Reymond , researches by 473
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Dul)ut, Sulyintendaiit, tortured by Chinese ^^34
Duu;gtir, B. M., at Naples station \.
Dugniore, A. Radclyffe, animal photographs by 91

character study of outlaw 1 K-axci- by 517
nature pictures by r)07-515

Dulong and Petit, chemical law of 242
Dumas, Jean Baptiste Andree, cited 247
Dust particles, study of, by Barns

] 1

Dynamo, electric, introduction of ;^39

machines and motors, develojtment of ;^:i8

E.

Eagle in flight, description of 209

Earth, age of, for life 480

Le C'Onte on 277

SoUas on 298

critical periods in history of 281

Chinese and Japanese myth of formation ()f 577

crust, oscillatory movements of 275

temperature of 295

depth of crust of - - 297

early hist( )ry of 291

ecjuatorial diameter of ,
136

formation, theory of -''•N
-"•!

mean density of - l-'^"

Easter Island images, account of ^ ^''

Eddy, William A. , kite observations ]jy -24

Edison, T. A. , electric traction experiments by "^

Edison's incandescent electri(! lamp, history of ^+1

Egyptian steelyards "

Electrical resistance, standards of

standards, bureau of "^^

vibrations, dissociation by '^'^

Electric alternating current transformer "^"^

Electric-arc, Davy's experiments with "

"

furnaces at Niagara - "^"^

lamp, history of ' "1

automobiles, introduction of
'

conductivity of salt solutions ~ '

current, c-,hemical energy of
]^^

dynamo, development of
"

"
'

'
"

Electricity, alternating currents of - -

[^'.^^

atmospheric, at various heights
•{•{S-r S

during the 19th century, Thomson on • • •

;^;^

mechanical enei-gy converted to '

~l

Mendenhall on progress in
]^^^

nature of, Thomson on
'.^^^

Electric-lighting apparatus, history of
...^^^ ;..^_

development of "
'

.^^,j

locomotives, introduction of
.,^^

toy, used in 1850
!,^,j

Electric-motor cars, introduction of. ;,;.: .,

^^^
..^^.

development of
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KIcctro-rliiMiiical imlustrii's at Niagara .'{53

theory, Riuiisay on 244
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334

KIcctro-niatrctisni, researches in 334

Klectroinotivi' force, investij^ation of 410

]'-lephant hnntintr in Africa 442

Kl^in, l^onl, on destruction of sninmer jialaceat IVki (i02

Kliot, Sir ('harles, Sainoan mollnsks from 53

l''ner«ry, conservation of, jirinciple of 315)

sp«'cilic, of nerves of sense 470

I'.ot viis, llnnj^arian physicist 244

Kros, discovery of planet 13()

Kspy's nieteorolo^'ical studies 224
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Estimates for fiscal year 1!H)1 S

Kther of spa<f, nature of 355,376

Everett, Willis I",., ri-searches in Alaska hy 60

Everniann, I'. W., on North American fishes 58

Evolutional jreolo^'y, S(.Ilas on 289-314

Evolution of animals, I lertwi*: on 467

of earth forms 26i)

of iiviufi world 304

of oriranisms, Sol las on 298

of sp«'cies 2()7

stellar, theory of 139

Exchange service (sec International exchan>;es) 31

Executive conunittee, report of .xxix-i.vii

]'',xpenditures, American ethnolujiy vxxii

Astro}ihysical Observatory XLvm
International exchanges xxxi

NatioTial Museum xxxiv

recapitulation of i.v

Smithsonian xxx

Solar eclipse x lix

Zoological Paik i-i

Exjilorations, African 41 7, 431

Antarctic 425

Arctic 422, 450

by Bureau of Ethnology 59

by National Museum 55

by Smithsonian Institution 15

Expositions, Smithsonian participation in 21, 57
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Fairy islands, myths of
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tales, Chinese
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Famines in India, relation of sun spots and ]4o 17;^

Fanning the grave, Chinese story of 5S4
Faraday, Michael, researches by .; 1 S .•{2i»

Fannal evolution, Le Conte on 2S5

Fever, malarial, Sternberg on causes of <)-4;i-()r)(>

yellow, Sternl)erg on ()r>7-()7;-{

Fevers, progress in prevention of 040

Fewkes, J. Walter, explorations by (JO

researches Ijy f >2, ($5

Field, Step>hen I). , electric traction experiments by ;i4(i

Finances, report of executive committee on xxix-i.vii

Secretary's report on

Finlay, Carlos, on yellow fever transmission G5K

Fire-alarm telegraph, by Channing and Farmer 336

Fish, Carl Russell, paper ))y 117

Fishes, adtled to Museum collection •'':{

geological age of - -^'7

North American, Jordan and Evermann oji 5S

pnixluction by areas - - ^•*^*

Fiske, John, reminiscences of Huxley by / 13-( 2H

Fitzgerald, Professor, quoted '-^^^

Flammarion, oh photography of Mars '*>•'

Fletcher, Alice C. , Indian studies ))y ""- ^'-^

Flight, Langlev aerodrome in !'•*' -'"*' -'''

Lord Rayleigh on '^^- '^"^

Flint, James M. , in charge of Materia Medica
-'^I

on recent foraminfera _
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Flying machine, Langley's (.w <ilxo Aerodrome) IH, -'Jb.

iiossiituities 01 '

. ''04

Flying, movement of birds in ._,
""

Folklore, Chinese, Williams on
^'
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Foraminfera, recent, Flint on 'J,^

Foreign correspondents, Smithsonian
'

Forepaugh an<l Sells Brotliers, rhinoceros from
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Fossil vertebrates, color of
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restoration of '
'

'

"
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Fossils, Marsh collection ol
,^^^

progress in study of
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Foucault, Leon, mirror improvements b}' .^"^

researclies by ...j.,

Foulon, Colonel, killed by Chinese
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"

.J'

'1

Fourier's researches on heat |^'_| '
j^,,^ j

^,, j -

,

Fowle, F. E.
,
jr., solar eclipse work by

:,-'7-a:i:{

Fox, Arctic, breeding of, Varigny on
^.,.,

Franklin, Sir John, Arctic explorations by
^._,.^

expedition in search of
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"
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Hatfield, Maj. C. A. P., live animals fron^ !'<>

Haunted houses, investigation of •'•'^'^

Kaupt, Paul, delegate to oriental congress '-'

Havana yellow fever commission, work of •'•'^'

Hawaiian Islands, birds of, collection of »•»
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researches in " ' "
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Saint Louis Exposition, appropriation for l.w

Sanarelli, yellow fever researches ])y 658

Santo-Dumont, M. , balloon experiments by 189

Sardanajjalus, discovery of palace of 537

Sarzet', Ernest de, excavations in Babylonia by 542

Saturn's rings, study of 142

Schiaparelli, study of Mars by 143

Schilling, Baron, needle telegraph of 329

Schmidt, Colonel, of French army in China 602

,

Schond)urgh, ex})lorations by 429

Schuchert, Charles, fossil collected l>y 55

Schumann, V. , study of spectrum by 11

Schwarz and Danielewsky, on aerial lliglit 217

Schwarz, E. A. , coleoptera from 53

Schwatka, Alaskan exploration by 428

Science, great men of 693

systematized knowledge 694

Sculpture, Babylonian 542, 546

Searle, Rev. Father, on eclipse expedition 104, 149

Sea water, origin of salt in 302

Sediments, rate of deposition of 310

accumulation of 297

Selenology, development of 141

Semitic story of the Wife Tested 586

Seng, Chinese story of 598

Sennacherib, discovery of palace of 537

Seri Indians, study of 61, 66

Sharp, African exploration by 431

Shepard, C. V. , minerals from 55

Sidgwick, Professor, psychical research by 678

Siemens, Werner, electrical experiments by 338, 339

gift of, to Reichsanstalt 403

Sigsbee's deep-sea sounding methods 226
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Silk, artificial, method of making "^
Smallpox, progress in treatment of (^

I

Smillie, T. W., solar eclipse photographs by I(i4, lOo, n<), 151
Smith, Charles Emory, member of Smithsonian EstahlishnuMit '....'

ix, 2
Smith, C. W. B., solar eclipse work by 151
Smith, George, Babylonian exploration by 540
Smithsonian bureau of graduate study, plan for x viii

Smithsonian fund, condition of xxix
need of increase in x ii

Smithson tablet at Genoa 2(5

Smith, William, geological work of '_'t>7, 2h4, 2^K)

Sociology, work in, by Bureau of Ethnology 64

Sodium in the sea, origin of .SOI

Sokeland, Herrmann, on ancient desemers or steelyards 5ol-5(>4

Solar and terrestrial weather 144

atmosphere, hydrogen in ItiO

changes of temperature and India famines, by Lockycr 17:i-184

corona, measurement of heat of 107

Solar eclipse of 1900, appropriation for expedition x i v, x i.i

x

description of, by Abbot 101 , lOt)

Langley's account of 4i), 141J-155

photographs of 105, HXi

results of view oi ••"'•5

Solar physics, work in '
^

'

Solar spectrum, first photographs of ••'-

infra-red, Langley's researcli in tiS.'Miil^

Sollas, W. J., on evolutional geology JSi>-:il4

Soltan, Hugo, coleoptera from
_

'^'^

Sound, progress in study of

researches in, by Webster _ "^
waves, photography of, by K. W. Wood :i)0-:{()i>

South America, explorations in
-'

Southerland, Commander W. H. H. , animals from
^^

South Shetland Islands, discovery of -

"J*

Spectra of the stars, by Huggins and Miller
^^^

Spectroscopic astronomy
^^j.

study of sun spots '^

Spectrum analysis, history of -
;^;,..

progress in study <>f ' ""^

Spectrum, Hertzian waves and the "

J ^

Schumann's study of
j.^^,

solar, first photographs of
,is:{-«HI2

the new, Langley on ' ^.1!

Spiritualism, imposture by
4t»^)

Spontaneous generation, theory - -
.^^.

Sprague, Frank J. , trolley line introduced by
\...^^....." 23.s

Stallo, Judge, cited --
407

Standardizing bureau, at Charlottenburg -
.^.,

at Washington, proposal
^,.^,

Standards of color, proposed work on '"'!'.!'!.
4-'l

Stanley' s explorations in Africa '"''.'.'."
^'•^'^

Stars, catalogues of
' '

'
VM

distance of nearest i:50

spectra of
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Steel manufacture, progress in 256

Steelyards, ancient, Sokeland on 551-564

Steiner collection of stone implements 70

Steiner, Bernard C, paper by 117

Steiner, Roland, .stone implements from 52

Stein, Robert, arctic researches ]>y 60

Stejneger, Leonhard, in Cuba and Porto Rico 55

Stellar evolution, Lockyer on 139

Sternlierg, George M., on malaria 645-656

on transmission of yellow fever by mosquitoes (557-673

Stevenson, Matilda C. , Indian studies by 69

Stewart, Balfour, psychical research by 678

Stokes, H. N., on inorganic chemistry 114

Storage batteries, electric ^ 354

Stratified series of earth's crust 297

Subconscious, philosophy of the 677

Summer palace at Pekin, description of treasures of 615

harem of the 627

loot of, Count D'H^risson's account of 601-635

rooms of emj)ress in 620

throne room in 618

Sun and his system, Lockyer on 140

distance of 136

heat of corona of 154

probable life of the 303

prominences, periodicity of 141

relation of spots to 177

Sun sj)ots and rainfall in India 173

and terrestrial weather 145

connection of sun prominences and 177

periodicity of 140

widened lines on 175

Susa, excavations at 545

Swinton, A. A. C, researches by. 394

Sword, Thomas, collections from 52

T.

Tablets, Babylonian, discovery of 541

Table turning, experiments in 677

Tai-ping rebellion in China 601

Taku fort, ciipture of 604

Taoism, cosmic myth of 576

mythology of 588

Tassin, "Wirt, catalogue of minerals 1)y 115

Teleautograph, invention of 336

Telegraph, early experiments with 335

history of, Mendenhall on 328

needle 329

Telegraphy, space, experiments in 10, 113

wireless, Thomson on 357

Telepathy, scientific study of 676, 679

Telephone, first exhibition of 341

great development of • 342
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Teleplione, invention of ...,,> "f?".
, . i.ill, .>4J

suboceanic .. ,.,

Telescopes, increased size of '. .,"

progressive improvements in
j2(j

Temperature, observations with kites 2'>4

ocean, in Arctic 454 5Q5
in Tropics 5Q5

of earth's crust 2«)4 3Q7
low, Dewar experiments in l.'59-2f>4

low, researches in I^IO

study of 41 ]

terrestrial, and sun-spots
1 45

Tesla, Nikola, on message from Mars
1 72

Thermodynamics, researches in X 1

Thermometry, investigations in 4 1 (j

Thomas, Cyrus, Indian studies by (;i>, 70

Thompson, Benjamin, researches by L':;r>, :{ 1 (i

Thompson, Sylvanus, on wireless telegraphy 113

Thomson, Elihu, on electricity in the nineteenth century ;i:i;H-:V»8

Thomson-Houston Company, organization of :{47

Thomson, J. J. , researches by '.i'.i\, H7S, .'174

Thomson, Julius, chemical researches by 254

Thomson, Thomas, chemical studies by 2."J8

Thoria mantles, introduction of -'Wg

Thought transference, experiments in - 'wS

Thoulet, W. J., paper by 114

Thunder Peak Pagoda, romance of •"'!">

Tibet, balances from •'''4

explorations in *21>

Toepler's experiments with sound waves •'•''^

Townsend, C. H. , on Albatross expedition r,-2,n5

Trade with China, advantages of ^^^

Tricerotops, method of restoration of
^^'^

probable color of ^^]_

Trolley cars, invented by Van Depoele •^*'

True, A. C, member of graduate study committee ^ ^n

reports by xx. vv_n

True, F. W., representative at Buffalo Exposition ^^

studies in Newfoundland by '^^

Trumbull, James Hammond
'

dictionary of Natick languages by -^^

»ilO

Tsai, Prince, treachery «t
^.^.

Tyndall, John, a great man of science
^_^_^

Typhoid fever, prevention of

U.

Underground conduit railways, introduction of
^^_^

Uniformitarianism, discussion of
S71-385

Unsuspected radiations, Prince Kropotkm on
y.

'

'

^

!
'

372

Uranium rays, discovery of
3,'<0

researches in ^.j-

Uranus, discovery of
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Van Name, Willard G. , at Naples station 14

Van' t Hoff , chemical work of 252

Vapors and gases, nature of 318

Varigny, Henry, on breeding of Arctic fox 527

Varley, A. S. , dynamo designed by 339

Vaulx, Coimt de la, ballooning by 189

Vegetable and animal life of the ocean 493

Verner, Samuel Phillips, collections from 52

Vignaud, Henry, letter to 40

Virchow, R. , on medicine and surgery 114

Virginia, first criminal code of 117

Vision, curiosities of 113

Vitalistic doctrine, discussion of 471

Vivisection, advantages of 469

Volcanoes in Africa 436

Von Baer, Carl Ernst, definition of science by 478

researches by 466

Von Huml )oldt, Alexander, cited 240, 428, 429

Vowel timl)re, stu<iy of 10

Vroman, A. C. , explorations by 59

Wadesboro, eclipse expedition at 46, 101, 149

Wahutu people in Africa 435

Walker, Colonel, killed ])y Chinese 611

Wallace-Farmer electric-light machines 340

Warburton, exploration of Australia by 426

AVard, Henry B., paper by 114

Ward, Lester F. , on Petrified Forests of Arizona 24

AVashburn, J. H. , on graduate study committee xvii

AVashington Memorial Association xxi

AA^ater corpuscles, study of 11

AA^atkins, J. Elfreth, paper by 114

AVave theory of light 321

AVeather, prophecy of, Langley on 692

solar and terrestrial 144

Webster, A. G., researches in sound by 10

AVeddell, Antarctic exploration by 425

Weigh, ancient measures of 551

AVelles, Lieut. Roger, jr. , animals obtained by 90

AVelsbach, Auer von, incandescent mantle invented by 378

AVeston, Edward, manganin invented by 413

AVheatstone, Sir Charles, electrical researches by 323, 329

dynamo generator constructed by 339

AA^heeler, Joseph, Smithsonian Regent x

succeeded by Dinsmore 2

AA'^hite, Andrew D. , at Prussian Academy celebration 26

Smithsonian Regent x,3, 4

AV^hitney , Henry M. , electric railways introduced by 347

AViechert, Professor, cited 293

Wiesner, Julius, on plant physiology 114

Wilberforce, Samuel, Huxley and 714
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Wilkes, Antarctic exploration by ,.,_-

Williams, Frederick Wells, on Chinese Folklore 575-<iO()

on Chinese immigration in Farther Asia 117
Wilson, Alexander, use of kites by 2*'"-{

Wilson, Gen. James H., animals from
5^)

Wilson, James, member i )f Smithsonian Establishment ix o

Wilson, Thomas, paper by U5
Wilson, William L., member of conunittee on graduate study wii, xxvii H

Smithsonian regent x 4

W^inlode, William C. , curator of exchanges 32
Winship, George Parker, explorations by 59
W^inthrop, John, lectures by ^Kj

Wireless telegraphy 11 :i^ ;i57

Wissmann, Major, on Grogan explorations 447

Witchcraft, scientific study <jf 67H

Chinese 595

Wollaston, spectroscopic work of 1 2S»

Woodman, Eev. Father, member of eclipse expedition 1(>4, 105, 14'.>

Wood, E. ^y.
,
photography of sound waves by ;i59-;Wl>

Wroblewski, researches by 319

Wu Ting-Fang, on mutual heli^fulness between China and United States. . . 5ti5-574

Wyer, James Ingersoll, bibliography by 117

Wyoming, fossil vertebrates from 55, 490

X.

X-rays, discoverj' of 'A'.\[-'.io7

study of "^'

'

{See also Rontgeu rays.)

Y.

Yellow fever, army orders regarding »'

-

demonstration of mosquito transmissi< m of W>4

epidemics, limited range of ^^
jjractical experiments with, in Havana '5'»4, iWj6

prevention of, Billings on ^^
«U>9

preventive measures ^y
proved not transmitted l)y clothing 6^
restricted in altitude *^'^

specific cause of __ |2.,

Sternberg on transmission of, liy mosquitoes 'i-T' -^i-i

Yerniak ice breaker, by Admiral j\Iakar< .ff

^Z~^m
Young, Professor, lens lent by '

'

member of eclipse expedition '•*;_

;. . b9(

Young, Thomas, a great man of science
;{1 7 Sl.'L> ;i;«)

researches l)y '
'''""•'

Yucatan, researches in
^.^^

Yukon River, exploration of

Z.
4J0,432

Zambezi River, exploration ot.
^j^

Zeppelin air ship, construction of
•J17-222

trial of

Zoological Park {see National Zoological Park).
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