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ORGANIZATION. PLAN AND SCOPE

The Carnegie Institution of Washington was founded by Mr. Andrew
Carnegie, January 28, 1902, when he gave to a board of trustees an endow-
ment of registered bonds of the par value of ten miUion dollars. To this

fund an addition of two million dollars was made by Mr. Carnegie on
December 10, 1907, and a further addition of ten million dollars was made
by him January 19, 1911 ; so that the present endowment of the Institution

has a par value of twenty-two million dollars. The Institution was origi-

nally organized under the laws of the District of Columbia and incorporated

as the Carnegie Institution, articles of incorporation having been executed

on January 4, 1902. The Institution was reincorporated, however, by an
act of the Congress of the United States, approved April 28, 1904, under the

title of The Carnegie Institution of Washington. (See existing Articles of

Incorporation on the following pages.)

Organization under the new Articles of Incorporation was effected May
18, 1904, and the Institution was placed under the control of a board of

twenty-four trustees, all of whom had been members of the original corpora-

tion. The trustees meet annually in December to consider the affairs of

the Institution in general, the progress of work already undertaken, the

initiation of new projects, and to make the necessary appropriations for the

ensuing year. During the intervals between the meetings of the Trustees

the affairs of the Institution are conducted by an Executive Committee
chosen by and from the Board of Trustees and acting through the President

of the Institution as chief executive officer.

The Articles of Incorporation of the Institution declare in general "that
the objects of the corporation shall be to encourage, in the broadest and most
liberal manner, investigation, research, and discovery, and the application

of knowledge to the improvement of mankind." Three principal agencies

to forward these objects have been developed. The first of these involves

the establishment of departments of research within the Institution itself,

to attack larger problems requiring the collaboration of several investigators,

special equipment, and continuous effort. The second provides means
whereby individuals may undertake and carry to completion investigations

not less important but requiring less collaboration and less special equip-

ment. The third agency, namely, a division devoted to editing and to print-

ing books, aims to provide adequate publication of the results of research

coming from the first two agencies and to a limited extent also for worthy
works not likely to be published under other auspices.



ARTICLES OF INCORPORATION.

Public No. 260.—An Act To incorporate the Carnegie Institution of
Washington.

Be in enacted by the Senate and House of Representatives of the United

States of America in Congress assembled, That the persons following, being

persons who are now trustees of the Carnegie Institution, namely, Alexander

Agassiz, John S. Billings, John L. Cadwalader, Cleveland H. Dodge,William

N. Frew, Lyman J. Gage, Daniel C. Oilman, John Hay, Henry L. Higginson,

William Wirt Howe, Charles L. Hutchinson, Samuel P. Langley, William

Lindsay, Seth Low, Wayne MacVeagh, Darius O. Mills, S. Weir Mitchell,

William W. Morrow, Ethan A. Hitchcock, Elihu Root, John C. Spooner,

Andrew D. White, Charles D. Walcott, Carroll D. Wright, their associates

and successors, duly chosen, are hereby incorporated and declared to be a

body corporate by the name of the Carnegie Institution of Washington and
by that name shall be known and have perpetual succession, with the powers,

limitations, and restrictions herein contained.

Sec. 2. That the objects of the corporation shall be to encourage, in the

broadest and most liberal manner, investigation, research, and discovery.

and the application of knowledge to the improvement of mankind ; and in

particular

—

(a) To conduct, endow, and assist investigation in any department of

science, literature, or art, and to this end to cooperate with governments,

universities, colleges, technical schools, learned societies, and individuals.

(b) To appoint committees of experts to direct special lines of research.

(c) To publish and distribute documents.

(d) To conduct lectures, hold meetings and acquire and maintain a library.

(e) To purchase such property, real or personal, and construct such build-

ing or buildings as may be necessary to carry on the work of the corporation.

(f) In general, to do and perform all things necessary to promote the

objects of the institution, with full power, however, to the trustees herein-

after appointed and their successors from time to time to modify the con-

ditions and regulations under which the work shall be carried on, so as to

secure the application of the funds in the manner best adapted to the con-

ditions of the time, provided that the objects of the corporation shall at all

times be among the foregoing or kindred thereto.

Sec. 3. That the direction and management of the affairs of the corpora-

tion and the control and disposal of its property and funds shall be vested

in a board of trustees, twenty-two in number, to be composed of the follow-

ing individuals: Alexander Agassiz, John S. Billings, John L. Cadwalader,

Cleveland H. Dodge, William N. Frew, Lyman J. Gage, Daniel C. Gilman,

John Hay, Henry L. Higginson, WilliamWirt Howe, Charles L. Hutchinson,

Samuel P. Langley, William Lindsay, Seth Low, Wayne MacVeagh, Darius

0. Mills, S. Weir Mitchell, William W. Morrow, Ethan A. Hitchcock, Elihu

Root, John C. Spooner, Andrew D. White, Charles D. Walcott, Carroll D.
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Wright, who shall constitute the first board of trustees. The board of trus-

tees shall have power from time to time to increase its membership to not

more than twenty-seven members. Vacancies occasioned by death, resigna-

tion, or otherwise shall be filled by the remaining trustees in such manner as

the by-laws shall prescribe; and the persons so elected shall thereupon

become trustees and also members of the said corporation. The principal

place of business of the said corporation shall be the city of Washington, in

the District of Columbia.

Sec. 4. That such board of trustees shall be entitled to take, hold and
administer the securities, funds, and property so transferred by said Andrew
Carnegie to the trustees of the Carnegie Institution and such other funds

or property as may at any time be given, devised, or bequeathed to them,

or to such corporation, for the purposes of the trust; and with full power
from time to time to adopt a common seal, to appoint such officers, members
of the board of trustees or otherwise, and such employees as may be deemed
necessary in carrying on the business of the corporation, at such salaries or

with such remuneration as they may deem proper; and with full power to

adopt by-laws from time to time and such rules or regulations as may be
necessary to secure the safe and convenient transaction of the business of

the corporation; and with full power and discretion to deal with and expend
the income of the corporation in such manner as in their judgment will best

promote the objects herein set forth and in general to have and use all powers
and authority necessary to promote such objects and carry out the purposes
of the donor. The said trustees shall have further power from time to time

to hold as investments the securities hereinabove referred to so transferred

byAndrew Carnegie, and any propertywhich has been or may be transferred

to them or such corporation by Andrew Carnegie or by any other person,

persons, or corporation, and to invest any sums or amounts from time to

time in such securities and in such form and manner as are permitted to

trustees or to charitable or literary corporations for investment, according

to the laws of the States of New York, Pennsylvania, or Massachusetts, or

in such securities as are authorized for investment by the said deed of trust

so executed by Andrew Carnegie, or by any deed of gift or last will and
testament to be hereafter made or executed.

Sec. 5. That the said corporation may take and hold any additional dona-
tions, grants, devises, or bequests which may be made in further support of

the purposes of the said corporation, and may include in the expenses thereof

the personal expenses which the trustees may incur in attending meetings or

otherwise in carrying out the business of the trust, but the services of the
trustees as such shall be gratuitous.

Sec. 6. That as soon as may be possible after the passage of this Act a
meeting of the trustees hereinbefore named shall be called by Daniel C. Gil-

man, John S. Billings, Charles D. Walcott, S. Weir Mitchell, John Hay,
Elihu Root, and Carroll D. Wright, or any four of them, at the city of Wash-
ington, in the District of Columbia, by notice served in person or by mail

addressed to each trustee at his place of residence ; and the said trustees, or a
majority thereof, being assembled, shall organize and proceed to adopt by-
laws, to elect officers and appoint committees, and generally to organize the

said corporation; and said trustees herein named, on behalf of the corpora-
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tion hereby incorporated, shall thereupon receive, take over, and enter into

possession, custody, and management of all property, real or personal, of the

corporation heretofore known as the Carnegie Institution, incorporated, as

hereinbefore set forth under "An Act to establish a Code of Law for the

District of Columbia, January fourth, nineteen hundred and two," and to all

its rights, contracts, claims, and property of any kind or nature; and the

several officers of such corporation, or any other person having charge of

any of the securities, funds, real or personal, books or property thereof, shall,

on demand, deliver the same to the said trustees appointed by this Act or

to the persons appointed by them to receive the same; and the trustees of

the existing corporation and the trustees herein named shall and may take

such other steps as shall be necessary to carry out the purposes of this Act.

Sec. 7. That the rights of the creditors of the said existing corporation

known as the Carnegie Institution shall not in any manner be impaired by
the passage of this Act, or the transfer of the property hereinbefore men-
tioned, nor shall any liability or obligation for the payment of any sums due
or to become due, or any claim or demand, in any manner or for any cause

existing against the said existing corporation, be released or impaired ; but
such corporation hereby incorporated is declared to succeed to the obliga-

tions and liabiUties and to be held liable to payand discharge all of the debts,

liabilities, and contracts of the said corporation so existing to the same effect

as if such new corporation had itself incurred the obligation or liability to

pay such debt or damages, and no such action or proceeding before any court

or tribunal shall be deemed to have abated or been discontinued by reason

of the passage of this Act.

Sec. 8. That Congress may from time to time alter, repeal, or modify this

Act of incorporation, but no contract or individual right made or acquired

shall thereby be divested or impaired.

Sec. 9. That this Act shall take effect immediately.

Approved, April 28, 1904.



BY-LAWS OF THE INSTITUTION.

Adopted December 13, 1904. Amended December 13, 1910, and December 13, 1912.

Articxe I.

THE TRUSTEES.

1. The Board of Trustees shall consist of twenty-four members, with

power to increase its membership to not more than twenty-seven members
The Trustees shall hold office continuously and not for a stated term.

2. In case any Trustee shall fail to attend three successive annual meet-
ings of the Board he shall thereupon cease to be a Trustee.

3. No Trustee shall receive any compensation for his services as such.

4. All vacancies in the Board of Trustees shall be filled by the Trustees

by ballot. Sixty days prior to an annual or a special meeting of the Board,
the President shall notify the Trustees by mail of the vacancies to be filled

and each Trustee may submit nominations for such vacancies. A list of the

persons so nominated, with the names of the proposers, shall be mailed to the

Trustees thirty days before the meeting, and no other nominations shall be
received at the meeting except with the unanimous consent of the Trustees

present. Vacancies shall be filled from the persons thus nominated, but no
person shall be declared elected unless he receives the votes of two-thirds of

the Trustees present.

Article II.

MEETINGS,

1. The annual meeting of the Board of Trustees shall be held in the City
of Washington, in the District of Columbia, on the first Friday following the

second Thursday of December in each year.

2. Special meetings of the Board may be called by the Executive Com-
mittee by notice served personally upon, or mailed to the usual address of,

each Trustee twenty days prior to the meeting.

3. Special meetings shall, moreover, be called in the same manner by the

Chairman upon the written request of seven members of the Board.

Article III.

OFFICERS OF THE BOARD.

1. The officers of the Board shall be a Chairman of the Board, a Vice-

Chairman, and a Secretary, who shall be elected by the Trustees, from the

members of the Board, by ballot to serve for a term of three years. All

vacancies shall be filled by the Board for the unexpired term; provided, how-
ever, that the Executive Committee shall have power to fill a vacancy in the

office of Secretary to serve until the next meeting of the Board of Trustees.
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2. The Chairman shall preside at all meetings and shall have the usual

powers of a presiding officer.

3. The Vice-Chairman, in the absence or disability of the Chairman, shall

perform his duties.

4. The Secretary shall issue notices of meetings of the Board, record its

transactions, and conduct that part of the correspondence relating to the

Board and to his duties. He shall execute all deeds, contracts or other

instruments on behalf of the corporation, when duly authorized.

Article IV,

EXECUTIVE ADMINISTRATION.

The President.

1. There shall be a President who shall be elected by ballot by, and hold

office during the pleasure of, the Board, who shall be the chief executive

officer of the Institution. The President, subj ect to the control of the Board

and the Executive Committee, shall have general charge of all matters of

administration and supervision of all arrangements for research and other

work undertaken by the Institution or with its funds. He shall devote his

entire time to the affairs of the Institution. He shall prepare and submit to

the Board of Trustees and to the Executive Committee plans and sug-

gestions for the work of the Institution, shall conduct its general corre-

spondence and the correspondence with applicants for grants and with the

special advisers of the Committee, and shall present his recommendations

in each case to the Executive Committee for decision. All proposals and

requests for grants shall be referred to the President for consideration and

report. He shall have power to remove and appoint subordinate employees

and shall be ex officio a member of the Executive Committee.

2. He shall be the legal custodian of the seal and of all property of the

Institution whose custody is not otherwise provided for. He shall affix the

seal of the corporation whenever authorized to do so by the Board of Trus-

tees or by the Executive Committee or by the Finance Committee. He
shall be responsible for the expenditure and disbursement of all funds of the

Institution in accordance with the directions of the Board and of the

Executive Committee, and shall keep accurate accounts of all receipts and

disbursements. He shall submit to the Board of Trustees at least one

month before its annual meeting in December a written report of the opera-

tions and business of the Institution for the preceding fiscal year with his

recommendations for work and appropriations for the succeeding fiscal year,

which shall be forthwith transmitted to each member of the Board.

3. He shall attend all meetings of the Board of Trustees.

Article V.

COMMITTEES.

1. There shall be the following standing Committees, viz., an Executive

Committee, a Finance Committee, and an Auditing Committee.
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2. The Executive Committee shall consist of the Chairman and Secretary

of the Board of Trustees and the President of the Institution ex officio and,

in addition, five trustees to be elected by the Board by ballot for a term of

three years, who shall be eligible for re-election. Any member elected to fill

a vacancy shall serve for the remainder of his predecessor's term: Provided,

however, that of the Executive Committee first elected after the adoption of

these by-laws two shall serve for one year, two shall serve for two years, and
one shall serve for three years; and such Committee shall determine their

respective terms by lot.

3. The Executive Conunittee shall, when the Board is not in session and
has not given specific directions, have general control of the administration

of the affairs of the corporation and general supervision of all arrangements

for administration, research, and other matters undertaken or promoted by
the Institution; shall appoint advisory committees for specific duties; shall

determine all payments and salaries; and keep a written record of all trans-

actions and expenditures and submit the same to the Board of Trustees at

each meeting, and it shall also submit to the Board of Trustees a printed or

typewritten report of each of its meetings, and at the annual meeting shall

submit to the Board a report for pubUcation.

4. The Executive Committee shall have general charge and control of all

appropriations made by the Board.

5. The Finance Committee shall consist of three members to be elected bj'

the Board of Trustees by ballot for a term of three years.

6. The Finance Committee shall have custody of the securities of the cor-

poration and general charge of its investments and invested funds, and shall

care for and dispose of the same subject to the directions of the Board of

Trustees. It shall consider and recommend to the Board from time to time

such measures as in its opinion will promote the financial interests of the

Institution, and shall make a report at each meeting of the Board.

7. The Auditing Committee shall consist of three members to be elected

by the Board of Trustees by ballot for a term of three years.

8. The Auditing Committee shall, before each annual meeting of the

Board of Trustees, examine the accounts of business transacted under the

Finance Committee and the Executive Committee. They may avail them-

selves at will of the services and examination of the Auditor appointed by
the Board of Trustees. They shall report to the Board upon the collection

of moneys to which the Institution is entitled, upon the investment and
reinvestment of principal, upon the conformity of expenditures to appro-

priations, and upon the system of bookkeeping, the sufficiency of the

accounts, and the safety and economy of the business methods and safe-

guards employed.

9. All vacancies occurring in the Executive Committee and the Finance

Committee shall be filled by the Trustees at the next regular meeting. In

case of vacancy in the Finance Committee or the Auditing Committee, upon
request of the remaining members of such committee, the Executive Com-
mittee may fill such vacancy by appointment until the next meeting of the

Board of Trustees.

10. The terms of all officers and of all members of committees shall con-

tinue until their successors are elected or appointed.
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Article VI.

FINANCIAL ADMINISTRATION.

1. No expenditure shall be authorized or made except in pursuance of 2

previous appropriation by the Board of Trustees.

2. The fiscal year of the Institution shall commence on the first day of

November in each year,

3. The Executive Committee, at least one month prior to the annual

meeting in each year, shall cause the accounts of the Institution to be audited

by a skilled accountant, to be appointed by the Board of Trustees, and shall

submit to the annual meeting of the Board a full statement of the finances

and work of the Institution and a detailed estimate of the expenditures for

the succeeding year.

4. The Board of Trustees, at the annual meeting in each year, shall make
general appropriations for the ensuing fiscal year; but nothing contained

herein shall prevent the Board of Trustees from making special appropria-

tions at any meeting.

5. The securities of the Institution and evidences of property, and funds

invested and to be invested, shall be deposited in such safe depository or in

the custody of such trust company and under such safeguards as the Trus-

tees and Finance Committee shall designate; and the income available for

expenditure of the Institution shall be deposited in such banks or deposi-

tories as may from time to time be designated by the Executive Committee.

6. Any trust company entrusted with the custody of securities by the

Finance Committee may, by resolution of the Board of Trustees, be made
Fiscal Agent of the Institution, upon an agreed compensation, for the trans-

action of the business coming within the authority of the Finance Committee.

Article VII.

AMENDMENT OP BY-LAWS.

1. These by-laws may be amended at any annual or special meeting of the

Board of Trustees by a two-thirds vote of the members present, provided

written notice of the proposed amendment shall have been served personally

upon, or mailed to the usual address of, each member of the Board twenty

days prior to the meeting.



MINUTES
OF THE

FIFTEENTH MEETING OF THE BOARD OF

TRUSTEES





ABSTRACT OF MINUTES OF THE FIFTEENTH MEETING OF
BOARD OF TRUSTEES.

The meeting was held in Washington, in the Board Room of

the Administration Building, on Fridaj^, December 15, 1916, and

was called to order at 10 a. m. by the chairman, Mr. Root.

Upon roll-call by the secretary, the following Trustees re-

sponded: Robert 8. Brookings, Cleveland H. Dodge, Charles P.

Fenner, Myron T. Herrick, Charles L. Hutchinson, Henry

Cabot Lodge, Andrew J. Montague, William W. Morrow, Wm.
Barclay Parsons, Stewart Baton, George W. Pepper, Henry S.

Pritchett, EKhu Root, Martin A. Ryerson, Theobald Smith,

Charles D. Walcott, Henry P. Walcott, William H. Welch,

Henry White, George W. Wickersham, Robert S. Woodward.

The minutes of the fourteenth meeting were approved as

printed and submitted to members of the Board of Trustees.

The reports of the President, the Executive Committee, the

Auditor, the Finance Committee, the Auditing Committee, and

of directors of departments and grantees of the Institution were

presented and considered.

The following appropriations for the year 1917 were authorized

:

Administration $50,000.00

PubUcation 60,000.00

Division of Publications 10,500.00

Departments of Research 633 , 309 . 00

Minor grants 96,800.00

Index Medicus 12,000.00

Insurance fund 25,000.00

Reserve fund 2.50,000.00

1,137,609.00

It was reported that the Trustees of the Carnegie Corporation

of New York had voted to add the sum of $150,000.00 to the

income of the Institution for the year 1917. This sum was

forthwith appropriated for special purposes.

The resignation of Mr. Andrew D. White was presented and

accepted with regret.

Vacancies in the Board were reported, caused by the death of

Mr. Seth Low and by the resignation of Mr. White. Balloting

XI
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to fill the first-named vacanc}^ resulted in the election of >Ir. John

J. Cart}^ of New York, to membership in the Board.

Mr. Welch submitted his resignation as a member of the

Executive Committee, which, upon motion, was accepted with

regret.

Mr. Stewart Paton was elected to fill the vacancy caused by

the resignation of Mr. Welch.

The following resolutions were passed:

Resolved, That inasmuch as the work of publication of the Classics

of International Law lies more properly within the domain of the

Carnegie Endowment for International Peace, the action of the

Executive Committee in authorizing the transfer of this project to

said Endowment in accordance with preUminary plans outlined by the

President, and subject to the approval of the Board of Trustees, be

and hereby is approved.

Resolved, That the Department of Economics and Sociology, as now
constituted, be and hereby is discontinued.

Resolved, That, subject to approval by the Executive Coimnittee of

specific allotments, the balance of appropriations, namely, $16,829.84,

remaining to the credit of the Department of Economics and Sociology,

be and hereby is made available for use by the group of collaborators

who were formerly members of this department.

The Board adjourned at 12*" 40™ a. m.
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REPORT OF THE PRESIDENT
OF THE

CARNEGIE INSTITUTION OF WASHINGTON

In conformity with Article IV, section 2, of the By-Laws of

the Carnegie Institution of Washington, the President has the

honor to submit the following report on the work of the Institu-

tion for the fiscal year ending October 31, 1916, along with

recommendations of appropriations for the ensuing year and

with sundry suggestions concerning other matters of general or

special interest.

This report is the fifteenth annual administrative report of the

Institution and is presented under the following principal heads

:

1. Historical notes.

2. Researches of the Institution.

3. Financial records.

4. Publications and bibhography.

5. Proposals for budget for 1917.

HISTORICAL NOTES.

It is the principal business of a research organization to

observe and to investigate phenomena; but of the vast aggregate

of phenomena presented to us by the universe

Necrology. only a few have been so clearly described that

they may be said to be provisionally understood.

In this vast aggregate there are, indeed, many which have been

long observed but little investigated. Some of these, hke bodily

disease and social unwisdom, are plainly amenable to meliora-

tion; but there are others, quite as famiUar, which have long

baffled investigation and which seem destined to remain long

in the elementary stage of observation alone. Amongst these

latter the phenomenon of death is the most conspicuous and the

least reconcilable. It prevails with a uniformity and a deter-

minateness characteristic of the grander phenomena of the solar

system and its average toll per unit time may be anticipated

with a certainty little surpassed by the reckoning of the pro-
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cession of the seasons. Thus, during the past yesir, the Institu-

tion has lost by death two Trustees, namely, William Nimick

Frew and Seth Low, and a Research Associate, Professor Harry

Clary Jones, of Johns Hopkins University.

Mr. Frew was a native of Pittsburgh. He was born there

July 10, 1854, and died there October 28, 1915. His mature life

was closely identified with the development of greater Pitts-

burgh, and his career in this civic work was in many respects

similar to the remarkable career of Mr. Low in the development

of Greater New York. Both men stood firmly for civic better-

ment and both aided conspicuously in securing the improvements

in American municipal affairs of the past quarter of a century.

Intimately associated with Mr. Carnegie in the establishment of

the Carnegie Institute at Pittsburgh, Mr. Frew was the first

President of its Board of Trustees and he served the Institute

continuously in this capacity for about eighteen years. He was

a member also of the Carnegie Hero Fund Commission, of the

State Library Commission of Pennsylvania, and a Trustee of the

Pennsylvania College for Women, as well as a Trustee of the

Carnegie Institution of Washington since its foundation in 1902.

Seth Low was born at Brooklyn, New York, January 18, 1850,

and he died at Bedford Hills, New York, September 17, 1916.

His career and his constructive achievements constitute a well-

known and highly esteemed national possession. For more than

thirty years he has been recognized as one of the first citizens

of the RepubUc. His contributions to civic righteousness, to

education, and to altruistic enterprises generally have been of

the first order. He has set an example worthy of emulation

everywhere in the interests of sound business and efficient

government. By inheritance a man of affairs and with excep-

tional opportunities for advancement in the commercial and

industrial world, he devoted his time, his talents, and his energies

almost wholly to the public weal. Probably no other man in the

history of our country has done so much to raise the standard

for, and to secure improvements in, municipal affairs. His two

terms as Mayor of his native city and his term as Mayor of New
York mark a noteworthy epoch in the evolution of reforms

and improvements in American civic life. In these arduous
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undertakings his altruism, his reasonableness, and his courage

surmounted the most formidable obstacles.

Mr. Low was a Trustee of the Institution from the date of its

foundation in 1902. He was a member of the Finance Com-
mittee from 1906 to 1914, and was its Chairman from 1909 to

1914. Although much preoccupied with many other affairs, in

recent years especially, he maintained a keen interest in the

development of the Institution, and he was ever ready to give

freely of his friendly counsel drawn from an uncommonly rich

and varied experience with men and with philanthropic organ-

izations. He had great capacity for cooperation with hetero-

geneous groups of men and for the development of relations of

reciprocity between such groups. The straightforwardness, the

fairness, and the integrity shown by him in all such work will

be long remembered by those with whom he was intimately

associated.

Professor Harry Clary Jones, a Research Associate of the

Institution since 1903, was born at New London, Frederick

County, Maryland, November 11, 1865. He died at Baltimore,

April 9, 1916. He was professor of physical chemistry in

the Johns Hopkins University, of which he was a graduate

and with which he was connected as student, instructor, and

professor for about thirty years. Few contemporaries have been

more enthusiastic and more indefatigable in research, and his

untimely death may be not improbably ascribed to overwork.

He was the author of ten volumes of reports of his researches

published by the Institution. Sensitive, tireless, and possessing

a keen sense of honor and responsibihty, he devoted his life to

the advancement of science with an energy and a fidelity worthy

of the highest commendation.

The activities of the Institution are now so numerous and so

varied that any item of progress of special interest to one group of

,. , individuals may be paralleled by other items of
Some salient

,

events of equal interest severally to other groups. Thus,
year.

^<\Yhat at the m.oment are the most important

investigations of the Institution?" is a question often asked but

incapable of answer except with the proviso that since opinions

differ the questioner is permitted to determine for himself, and
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with the additional proviso that in so doing he is certain to

entertain an inadequate estimate of the aggregate of these investi-

gations. The items here cited, therefore, should be regarded as

indicating the diversity of the Institution's work rather than as

emphasizing any part of it.

Astronomy is at once the oldest and the most popular of the

sciences. The immensity of the masses, the immensity of the

distances asunder, and the majestic phenomena of the heavenly

bodies appeal strongly to the imaginations of all classes of men;

while the pecuUar objectivity of astronomical studies has been

of inestimable value in developing the reflective capacity of

mankind. It seems safe to assert, indeed, that up to the present

time astronomy has done more than all other sciences combined

to assist man in learning how to orient himself aright in the

universe of which he forms a relatively insignificant part but in

which he plays the unique role of interpreter for his contempo-

raries and for his successors. It is no accidental circumstance,

therefore, that the Institution should have given so much atten-

tion to the promotion of astronomical science, or that the Solar

Observatory should have attracted so much popular interest.

This interest has been enhanced during the past year by the

essential completion of the 100-inch reflecting telescope. All of

the serious difficulties of this great enterprise have been success-

fully overcome; and the parts of the instrument will doubtless be

assembled for use during the coming year. The Solar Observa-

tory will thus possess an unrivaled equipment for nearly all

branches of stellar work except that of positional astronomy, to

which the Institution is contributing substantial aid through its

Department of Meridian Astrometry. It should be understood,

however, that material equipment does not constitute an effective

observatory. Much more important elements are to be found in

the men who are able to design, to construct, and to use such

equipment.

Of all the innumerable masses of the universe of interest to us

the earth easily ranks first. It is the only one of these masses

immediately accessible to us. It has served as a foundation for

studies not only of the solar system but of the similar stellar

systems, and it has given rise to many sciences, ranging from
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geometry up to geophysics. Its dimensions, its mass, and its

physical behavior are better known than those of any other body
thus far observed by us. Hence nothing is more in the nature of

things than that the Institution should support a Department
of Terrestrial Magnetism and a Geophysical Laboratory; for

although the subjects of research in these establishments he on
the borderlands of the older physical sciences, they demand
separate treatment and elaborate equipment comparable in

every way with the requirements of astronomy and geology.

It was to meet one of the most important of such special needs

that the non-magnetic ship, Carnegie, was constructed in con-

formity with specifications chiefly noteworthy by reason of the

restrictions as to metals imposed by the Department of Terres-

trial Magnetism. This vessel has proved remarkably successful

and is now one of the best-known ships afloat. As a direct aid

to navigation she has aheady repaid her cost many times over,

while the data she has accumulated will doubtless increase

in value with the lapse of time. During the past year she has

added an unexpectedly large mileage to her record. Starting

from Dutch Harbor, Alaska, August 7, 1915, she arrived, after

a continuous voyage, at Lyttelton, New Zealand, November 3,

1915. Leaving Ljrttelton December 6, 1915, she sailed around
the world (17,084 nautical miles) between the parallels of 50°

and 60° south latitude, a voyage of only 118 days, during which
complete observations of the magnetic elements were made on
every day except one. Saihng again from Lyttelton May 17,

1916, she arrived at San Francisco September 21, 1916.

In the long run, a research estabhshment must be known
largely, if not chiefly, by the pubhshed accounts of its investiga-

tions. For in so far as these are sound, and hence worth carrjdng

on, they will be in general difficult of just appreciation and of

imxmediate utihtarian apphcation. The discoveries and advances

of one generation are usually better understood and better

utihzed by succeeding generations. This is in accordance with

the principle that while progress is generally due to individuals its

advantages are chiefly for the race. Hence the prime importance

of transmitting to our successors a trustworthy record of our

methods, our theories, our achievements, and even of our errors

and failures. One of the most effective means of fulfiUing this
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duty is found in the publication of books; for although these are

destined to resolve themselves into the elements of which they are

composed they will last long enough to enable our successors to

extract from them all of the ideas worthy of further exposition

and transmission. In illustration of this capital function of the

Institution it seems fitting to call attention here to a few of the

books issued by the Institution during the past 3'ear.

It was the counsel of one of the most learned men of the

nineteenth century that those who wish their ideas to survive

indefinitely should seek to express them in terms not subject

to the vicissitudes of our planet. Although this counsel must
evidently remain for a long time an unrealizable ideal in most

domains of thought, an approximation to it has been attained in

som^e of the older sciences. Thus, for example, the names of

Euclid and Archimedes are likely to be transmitted undimmed
into the far distant future for the compelling reason that the}^

are linked to principles which must hold regardless of time

and place. Similarly, the Greek astronomer Hipparchus will be

well known ages hence, since he has connected his name indis-

solubly with the secular phenomena of the solar system by his

discovery of the precession of the equinoxes and by his produc-

tion of the first catalogue of stellar positions. This catalogue,

known to the Greeks as the ''Great Construction'' (MeydXi?

XvvTa^Ls), was edited by Ptolemy, a worthy disciple of Hip-

parchus, and has come down to us finally (from A. D. 138)

through several Greek, Latin, and Arabic editions as ''Ptolemy's

Almagest." And now, for the last time probably, the various

editions of this remarkable w^ork have been collated with a

degree of thoroughness not hitherto attempted and a new
edition of the catalogue has been issued during the year by the

Institution. This edition is a result of the joint researches of

the late Dr. C. H. F. Peters, astronomer of Hamilton College,

and Mr. Edward B. Knobel, treasurer and past president of

the Royal Astronomical Society of London. In addition to the

profound historical importance of this early work, a great and
permanent merit of this latest edition Ues in the data it affords for

fixation of the relative precision of the ancient determinations of

stellar positions. Our admiration for the Alexandrian school of

astronomers need not be diminished, however, by the fact that
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the precision now attained in such determinations is incom-

parably superior to that attainable by the pioneers in this science

twenty centuries ago.

Whatever may be our prepossessions or our reasoned convic-

tions, those who have read Darwin's Origin of Species, or so much
as the last paragraph thereof, must agree with him that "It is

interesting to contemplate a tangled bank, clothed with many
plants of many kinds, with birds singing on the bushes, with

various insects flitting about, and with worms crawling through

the dam^p earth, and to reflect that these elaborately constructed

forms, so different from each other, and so dependent on each

other in so complex a manner, have all been produced by laws

acting around us." Even the um-eflective farmer has noticed

such tangled banks and has learned that noxious weeds will

invade his fields and vanquish his crops if he is not dul}^ vigilant.

A considerable knowledge of biology, of plant, insect, and animal

hfe is, indeed, now essential to successful economic husbandry;

but although tradition has furnished a large aggregate of useful

inductions for the needs of agriculture and horticulture, it is only

in recent decades, dating substantial^ from the advent (1859) of

Darwin's great work, that such inductions have begun to rise

to the level of coordinated knowledge. It is in line with this

general advance in biological science that the Department of

Botanical Research finds reasons for its existence; and its activ-

ities accordingly have been devoted chiefly to investigations of

the conditions of existence, the migrations, the mutations, etc., of

species, families, and groups of plants, especially those character-

istic of deserts. Naturally, this large domain for research has

led to much division of labor and to much collaboration with

many experts possessing special acquaintance severally with the

numerous problems presented. During the past four years Dr.

Frederic E. Clements, professor of botany in the University of

^Minnesota, has been attached to the Department as a Research

Associate and has extended the field studies and elaborated the

inductions on which he had been at work previously for many
years. The results of his investigations are embodied in a

remarkable book entitled "Plant Succession: An Analysis of the

Development of Vegetation." This work extends the concepts

of Darwin so vividly called to mind by the "tangled bank"
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and views the successive plant-complexes which invade any

region as so many organic units, each enacting its role no less

definitely than is enacted the role of an individual plant or other

organism. This work of Professor Clements brings the relatively

new science of ecology and paleo-ecology prominently forward.

It is a profoundly instructive book also by reason of the analogies

it suggests, especially to the student of contemporary events,

between the struggle for existence of the lower species and the

struggle for existence of the highest species in the biological world.

In further indication of the diversity, if not the cathohcity,

of the Institution's activities, it is worthy of mention in this

connection that Dr. H. Oskar Sommer's edition of the Vulgate

Version of the Arthurian Romances has been completed during

the year by the publication of an eighth volume giving an index

to names and places of the preceding volumes; that a concordance

to Spenser, edited by Professor Charles G. Osgood, and a con-

cordance to the poet Horace, edited by Professor Lane Cooper,

have been issued, while a concordance to the poems of Keats is in

press; and that a new edition of ''The Old Yellow Book" (Source

of Browning's ''The Ring and the Book") has been reproduced

and is now ready to meet the legitimate demand which has

exhausted the supply of the first edition pubUshed eight years

ago. Special progress has been made hkewise in the publication

of the series of "Classics of International Law," issued by the

Institution under the editorship of Professor James Brown
Scott, the works of Vattel, Rachel, and Textor, eight volumes in

all, having appeared.

It is a noteworthy fact, illustrating the fallibility of offhand

opinions and unreasoned predictions, that "TheOld Yellow Book,"

Professor Boss's Star Catalogue (reproduced photographically in

1915), Dr. Erwin F. Smith's work on bacteriology, and Dr. F. E.

Wright's exposition of methods of research in petrography have

proved to be the publications of the Institution thus far most in

demand, if we may judge by the public wilHngness to purchase

them at the nominal prices for which they are offered for sale.

It is believed that this willingness to purchase at the cost of

production affords the best objective measure of the merits of

these works; for although some might hold that "The Old

Yellow Book" appeals to the unworthy as well as to the higher
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motives of mankind, there is no room for any such hypothesis in

respect to a star catalogue or in respect to the principles of

microscopic-petrography.

Numerous references have been made in preceding reports to

the growing realization of the world at large that the methods
of science are the most effective methods thus

^"of'reseS'^'' ^^r developed for the advancement of learning

and for the mitigation of the consequences of the

inexorable '4aws of nature" which condition existence on our

planet. Reference has been made likewise to the contemporary

rise and progress of other research estabhshments and to the

introduction of investigation as an economic adjunct to industrial

enterprises. These manifestations of popular approval and
confidence continue to be among the most noteworthy signs of

the times. Indeed, it is plain that we are now witnessing a

remarkably rapid evolution of pubUc understanding of the mean-
ing and the value of research. This has been greatly intensified

and accelerated by the European war, whose sinister aspects

appear to be relieved in some degree by the prospects of an

awakened realization of the availability of better methods than

those of warfare for settUng international disputes, of better

methods than those now commonly applied in the government of

states, and of better methods in education, in sanitation, in

industry, and in biological economy generally. The European

war has emphasized to a degree not hitherto attained in the

world's history the perils of ignorance, of government by assumed
divine right, and of that sort of diplomacy which shades off by
insensible degrees into duplicity; and it has emphasized equally

clearly the necessity for rational investigation of and progressive

reforms in all national affairs.

How the details of this evolution, in which the Institution

must participate, will w^ork themselves out is impossible to pre-

dict except in general terms. It may be safely inferred, however,

from the historj^ of similar developments, that this one will

proceed much more slowly and with much more difficulty than

many enthusiastic optimists anticipate. Evolution is, in general,

a secular process and goes on with a leisurely disregard of individ-

uals. It may be safely inferred also that many of the numerous
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fallacies which have beset the Institution during the brief interval

of its existence will recur again and again in the rise of similar

organizations, while fallacies of a more troublesome type are

likely to beset the introduction of the methods and the results of

research in governmental affairs. It is in the latter affairs that

the most stubborn opposition to progress is usually met, since

there exist, as a rule, in such affairs no adequately developed

relations of reciprocity between those best qualified to suggest

and to formulate improvements and those who control the

machinery for their applications. Such improvements can be

secured only by overcoming a stolid adherence to precedent as

well as the reluctance of rational conservatism. Thus it happens

in governmental affairs that the most incongruous ideas often

coexist, as is well shown by the contemporary adoption of the

most advanced principles of sanitation in certain European

countries which are still dominated by medieval theories of the

functions of a state. To cite another illustration readily under-

stood and verifiable, it is an anomalous fact that the United

States Government exacts no professional requirements for the

direction of its highly technical affairs except in a single branch

of its service, namely, the legal. And in line with this glaring

national deficiency it is notorious that the fiat of an executive

can make an astronomer, a geodesist, or a biologist out of a man
whose works are unknown in the annals of the science of which he

becomes the ex-officio representative. We hear much also in

these days of the ''mobihzation of genius" in the interests of

national preparedness for commercial and industrial competition,

if not for the more serious exigencies of national defense; but it

is to be feared that this mobilization means fruitless attempts

to utilize aberrant types of mind, or perhaps the employment of

men of talent under the direction of those whose competency

for leadership is admitted, if at all, only in quite other fields of

activity than those here considered. In the meantime, it is plain

enough, in the Ught of current events, that any nation whose

governors mistake necromancy for science, confound invention

with investigation, or fail to utilize effectively available and

advancing knowledge, is in danger of humiliation in peaceful

international competition if not in danger of extinction in

international conflict.
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RESEARCHES OF THE INSTITUTION.

Much, perhaps too much, has been said in preceding reports

concerning the maxims and the principles which should be

observed on the administrative side in the conduct

pSctdure!
^^ ^^ research. To a great extent these maxims and

principles are the same as those developed in the

common experience of the race; but to a greater extent they are

derived from the more concrete and the more sharply defined

experience developed in the evolution of the older sciences. All

experience teaches that effective research depends on pains-

taking labor, arduously, patiently and persistently applied;

while all science teaches that research is effective only in those

regions wherein something Uke demonstration can be attained.

If investigations can not be well done they are of little worth;

if nothing can be proved they are of still less worth, or at best

only of negative value. But obvious as these truisms are when
stated by themselves, they have been contradicted daily in the

plexus of events which make up what our successors will call the

history, recorded and unrecorded, of the Institution. Thus it

has been suggested not infrequently that promising researches be

suspended in order that equally or less promising researches

might be taken up; and it has happened that proposals to abolish

departments of research have been seriously advanced before

these departments have had time to prove their rights to exist-

ence. It is not infrequently suggested, likewise, by otherwise

irreproachable correspondents, that the experts of the laboratories

and observatories of the Institution be set at work under the

direction of amateurs, or, in some cases, of those even who have

not reached that earliest stage of capacity in science.

It goes without saying that all such untoward influences should

have little effect on the rise and progress of a research establish-

ment; but he would be an incompetent administrator who failed

to recognize the existence and the dangers of these influences.

Most men are still opportunists; many contemn principles and

theories of procedure; while the characteristic defect of deUbera-

tive bodies, strikingly illustrated by legislative assemblies, is lack

of deliberation. Moreover, what any organization, altruistic or

otherwise, may accomplish at any epoch, or during any period,
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will depend very largely on the status of contemporary public

opinion. No organization may be rationallj^ expected to rise

much above the level of the ideals of those who support and
direct it. The law of averages and the ''law of conservation of

ignorance" apply in the business of research no less rigorously

than in other affairs of human endeavor. The only difference is

that in research, from the nature of the case, we are held to

stricter accountability; it is incumbent on us to be alive to the

ideals and the theories which lead to regress as well as alive to the

ideals and the theories which lead to progress.

Although popular opinion continues to look upon the Institu-

tion as an establishment of unhmited means, and hence of

unhmited capacities, it is an easily ascertained

^f research.^ fact that such advances as have been attained are

due chiefly to concentration of effort in a few fields

of investigation, the number of these being necessarily limited

by the finiteness of income. Of the agencies which have con-

tributed most to these advances the departments of research

must be given first rank when quality and quantity of results

accomplished are taken into account. These departments have

supphed also a much needed verification of the axiom hitherto

admitted in all domains of activity except those of research,

namely, that if any good work is required the best waj^ to get it

done is to commit it to competent men not otherwise preoccupied.

They have verified, hkewise, the equally obvious truth that large

and difficult undertakings demand foresight and oversight,

prolonged effort, and a corresponding continuity of support.

The idea that discoveries and advances are of meteoric origin

and that they are due chiefly to abnormal minds has been rudely

shattered by the remorseless experience of the Institution.

Along with these considerations special mention should be

made of another of vital importance to the departments of

research. This is their complete autonomy within the limits of

their annual appropriations. Allusion is made to this matter

here partly for the purpose of correcting public misapprehension

concerning the relations of these departments to the Institution

as a whole, and partly for the purpose of stating formally the

theory of administration followed by the Institution during the

past twelve years. Such a degree of freedom accorded to the
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departments of research is not only necessary by reason of the

extent and the complexity of the affairs of the Institution, but it

should be regarded as a fundamental principle of sound adminis-

tration. No one can follow the details of all these varied affairs.

A division of labors is indispensable, and to the greatest extent

practicable the director of a department of research should be

encouraged to be the autocrat of his departmental destiny.

But in so far as departments are granted Uberty of action it is an

equally fundamental principle of administration that they should

assume corresponding responsibilities. Autonomous freedom

and reciprocal accountability are then, in brief, the essentials of

the theory under which the departments of research have evolved.

In consonance with the theory just indicated and in conformity

with the precedent set a year ago, no attempt is made here to

furnish abstracts of the current departmental

D?partoents. I'Gports. They give sufficiently condensed sum-

maries of departmental activities and depart-

mental progress. They are, as a rule, highly technical papers

and difficult of adequate appreciation even by those somewhat
familiar with the subjects considered. But this is not only just

as it should be, but it is inevitable if the investigations under

way are worth making. Our confidence in them must be

founded in large degree on the general principles revealed in the

advancement of science. Great and admirable achievements

were attained by the ancients prior to the epoch of recorded

history; still greater achievements were attained by the Greeks,

the Arabs, and the moderns down to the epoch of Galileo and

Newton; while competent judges have estimated that greater

progress was secured in the nineteenth century than during all

previous history. It is quite within conservative reason, there-

fore, to assume that if we continue to follow those principles,

now grounded in more than twenty centuries of repeatedly

verified experience, in the light of accumulated and recorded

knowledge, we may confidently expect to achieve corresponding

further advances.

The question is sometimes raised as to how the efficiencies of

investigators and of departments of research are, or possibly

may be, estimated. Occasionally, also, there seems to be enter-

tained along with this question the hypothesis that research is a
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commodity and that money is the chief agent in promoting its

effective increase. But the currently common meaning of

efficiency impUed in this question and in this hypothesis is too

narrow for appHcation here. It appUes rather to machines and

to aggregates of men working Hke machinery for predetermined

economic ends. In a broader sense, however, the question of

efficiency of men and of organizations is worthy of considerate

attention. It is, indeed, in this inclusive sense, a question of the

greatest importance, especiall}^ in all cooperative enterprises

of communities and states. But without going into these larger

aspects of the matter, it may be said that the efficiencies of the

investigators and of the departments of research of the Institu-

tion are determined in the same way that justification for the

Institution as a whole is determined, namely, by the consensus

of competent opinion. In science, the work of an individual is

measured on its merits and the work of an organization is weighed

in the same manner. Adequate tests and standards for what is

not fully known may not be wisely set up in acts of administra-

tion. Severer tests and higher standards are supplied auto-

matically and relentlessly by contemporary criticism and by the

verdicts of posterity. Hence, given a corps of trained investiga-

tors, or an organization of several such, the question of efficiency

is happily one which is decided for us mainly by those who are

alone qualified to render adequate judgment.

Like all other branches of the Institution, the Division of

Research Associates has undergone a distinct evolution. Origi-

nally a division which gave rise to excessive and

Assodates. often unrealizable expectations, it has gradually

become shorn of its extrinsic appendages and

divested of its inheritances from occultism. In spite of these

omnipresent obstacles to progress and to efficiency, this division

has been highly productive from the beginning and continues to

be one of the most important agencies of the Institution for the

promotion of learning. The main reason for the noteworthy

success of this agency is very simple. It was stated in a recom-

mendation concerning research associateships, in the report of the

President for the year 1906, in these words: ''The limitation of

ehgibility for such positions to investigators of proved capacity

for and of proved opportunity for research." In the meantime,
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the number of those possessing such quahfications has increased

much more rapidly than the resources of the Institution (or than

the resources of all research agencies combined) have increased to

meet this and other growing financial needs. Not only has

income failed to keep pace with worthy demands, but, as repeat-

edly pointed out hitherto, the purchasing capacity of income has

steadily declined since the foundation of the Institution. Thus it

happens that now, just as the merits of the system of Research

Associates have come to be generally recognized, it is essential to

suspend extension of this system, and it may become essential

to curtail to some extent the amounts of the grants hitherto made
to those who have helped most to develop this remarkably

effective division of the Institution's activities.

It should be evident from the preceding paragraphs of tliis

section of the report, as well as from numerous passages in

previous reports, that the income of the Institution is not onl}^

not equal to popular estimates, but that it is not equal even to the

legitimate demands on it for research. This proposition is easily

verified, although few people believe it and fewer still are willing

to undertake the small arithmetical labor essential for its dem-
onstration. On the other hand, it is admitted by everybody

that the Institution is not doing as much as it could, but the

simple reasons for this obvious fact appear to be far from equally

obvious. Whether it would be desirable, if practicable, to

double, say, the endowment, and hence the income, of the

Institution is a question well worthy of consideration. But
along with many reasons why it would be so desirable there might

be adduced also many other reasons why it would not. This is,

indeed, a fundamental question whose dehberate consideration

should precede the next step. We possess as yet no well-defined

and generally accepted theory of a research organization. The
Institution, plainly enough, stands somewhat in isolation. It

would prosper better, probably, and be better understood, cer-

tainly, if it had more contemporaries with which to divide not

only the vast fields of opportunity, but also the vast aggregate of

fruitless labors imposed on those who should be preoccupied

with the business of research. In the meantime, while no expan-

sion is permissible under existing income, the current activities

of the Institution may continue without serious modification of

plans or impairment of efficiency.
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FINANCIAL RECORDS.

.
, ^, , , The sources of funds available for expenditure

Financial Statement
•

i /^ i

for Fiscal Year during the past fiscal year, the allotments for the
1915-191

• year, the revertments made during the year, and

the balances unallotted at the end of the year are shown in detail

in the following statement

:

Object of appro-
priation.
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The purposes for which funds have been appropriated by the

Board of Trustees of the Institution may be summarily classified

under five heads: (1) investments in bonds; (2) large projects;

(3) minor projects, special projects, and research associates and
assistants; (4) pubhcations; (5) administration. The following

table shows the actual expenditures under these heads for each

year since the foundation of the Institution:

Purposes for which funds have been appropriated.

Year
ending
Oct. 31.
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The following statements show the fields of investigation to

which minor grants were assigned, together with the names of the

grantees and the amounts of the grants; also the grants for pub-

lications authorized during the year; and the sources and amounts

of revertments from November 1, 1915, to October 31, 1916.

Delaih of minor grants.

Fields of investigation.

Astronomy

.

Aicheology

.

Bibliography

.

Biologj'

Botany . . .

.

Chemistry

.

Geology

History
Literature. . .

Mathematics

.

Meteorology.
Paleontology

.

Philology.

Physics

.

Zoology
Administration Building
Reception, Second Pan-American

Scientific Congress

Names of grantees.

Kapteyn, J. C
Van Deman, E. B
Morley, S. G
Index Medicus
Department of Experimental Evolution . . .

Morgan, T. H
Vaughan, T. W
Britton, N. L., and .7. N. Rose
Jones, H. C
Morse. H. N
Noyes, A. A
Osborne, T. B.. and L. B. Mendel
Richards, T. W
Sherman, H. C
Chamborlin, T. C
Moulton, F. R
Osgood, H. L
Bergen, Henry
Morley, Frank
Bjerknes, V
Case, E. C
Hay, O. P
Wieland, G. R
Churchill, William
Loew, E. A
Tatlock, John S. P
Barus, Carl '.

Hayford, J. F
Nichols, E. L
Castle, W. E

Amounts
of grants.

000.00
100.00
429 . 00
000 . 00
300 . 00
300.00
300.00
550.00
037.69
000 . 00
800 . 00
000.00
700.00
080 . 00
100.00
800 . 00
800.00
800.00
200.00
800.00
500.00
000.00
000.00

,
085 . 00
,100.00
300 . 00
500.00
,800.00
,000.00

, 500 . 00
270.00

823.05

95,974.74

8,

12,

3,

7,

2

4,

1,

15,

2

l]

1,

1,

h
1,

1,

1,

1,

3,

3,

5,
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Grants for publications authorized during the year.

Barnard, E. E $5,000.00
Barus, Carl 1 , 200 . 00
Boss, Benjamin, el at 2,000.00
Carnegie Institution of Washington Pamphlets 600 . 00
Castle, W. E., and S. Wright 1 ,477.49

Churchill, William 1,600.00
Clements, F. E 4,400.00
Contributions to Embrvology 2 , 000 . 00

Do 3,800.00
Cooper, Lane 1,773.09
Estabrook, A. H 1,560.44
Golder, Frank A 900.00
Goodale, H. D 1 , 200 . 00
Index to State Documents 5,000.00
Ivens, W. G 1,600.00
Knobel, E. B 1 , 300 . 00
Meyer, B. H 3,000.00
Osgood, C. G 3,548.43
Republication of Classics of International Law 10,000.00
Researches, Department of Terrestrial Magnetism 4,000.00
Sommer, H. O 880.58
Stager, Henrv W 186.37

Weed, L. H 2,000.00

59,026.40

Sources and amounts of revertments from Nov. 1, 1915, to Oct. 31, 1916.

Minor grants:

Panama-Pacific International Exposition, Grant No. 945 $552.58
Publications:

Contributions to Embryology, Grants Nos. 1023, 1035, 1039 $10. 12

Shreve, Forrest, Grant No. 1032 303.80
Barus, Carl, Grant No. 1043 691 . 25

Benedict, F. G., and F. B. Talbot, Grant No. 1049 286.78
Johnson, E. R., et at.. Grant No. 1038 335.39
Star Catalogue, Reprint, Grant No. 1048 95.90
Davenport, C. B., Grant No. 1047 679 . 13

Dodge, R., and F. G. Benedict, Grant No. 1041 202.03
Johnson, D. S., and H. H. York, Grant No. 1004 969.77
Peters, C. H. F., and E. B. Knobel, Grants Nos. 930, 969 105.41

Clark, V. S., Grant No. 1050 92.93
Faust, A. B. Grant No. 1044 99.42
Morgan, T. H., and C. B. Bridges, Grant No. 1052 424.21

Mondie, R. L., Grant No. 10.53 286 . 22
Wieland, G. R., Grant No. 1033 1,132.60
Clements F. E., Grant No. 1088 1,173.46

6,888.42

7,441.00

Amounts of transfers from November 1, 1915, to October 31, 1916.

Administration to unappropriated fund $5,000
Minor grants to unappropriated fund 20, 000

$25,000

On account of site for and construction of the Administration

Investments in
Building of the Institution, and on account of

Property. j^^al estate, buildings, and equipments of depart-

mental establishments, the following sums have been expended:
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Expenditures since organization on account of real estate, equipments, and publications.

Administration:
Building, site, and equipment $332,791 . 12

Publications:

Stock on hand (Oct. 31, 1916) $259,290.10
Outstanding accounts (Oct. 31, 1916) 2,572.65

261,862.75

Department of Botanical Research (Sept. 30, 1916):

Buildings, office, and operating 51,650.51
Laboratory equipment 13,029.06

Department of Experimental Evolution (Sept. 30, 1916)

:

Buildings, office, and library 109,538.65
Laboratory apparatus 8 , 054 . 60

Operating appliances and grounds 21 , 162 . 08

Geophysical Laboratory (Sept. 30, 1916):

Building, library, operating appliances 164,403.57

Laboratory apparatus 64 , 971 . 26

Shop equipment 10,144.16

Department of Historical Research (Sept. 30, 1916):

Office 2,131.93

Library 3,0.34.09

Department of Marine Biology (Sept. 30, 1916)

:

Vessels 32,944.40
Buildings, docks, furniture, and library 11,967.96

Apparatus and instruments 5 , 543 . 12

Department of Meridian Astrometry (Sept. 30, 1916):

Apparatus and instruments 2 , 394 .
34

Operating 1,277.62

Nutrition Laboratory (Sept. 30, 1916):

Building, office, and shop 117, 636 . 35

Laboratory apparatus 22,442.39

Mount Wilson Solar Observatory (Aug. 31, 1916):

Buildings, grounds, road, and telephone line 196, 193.06

Shop equipment 37 , 144 . 26

Instruments 405,595.94
Furniture and operating appliances 85,483.03

Hooker 100-inch reflector 453,973.86

04,679.57

138,755.33

239,518.99

5,166.02

50,455.48

3,671.96

140,078.74

Department of Terrestrial Magnetism (Sept. 30, 1916):

Building, site, and office 131 , 319 . 00

Vessel and survey equipment 125,897.69

Instruments, laboratory, and shop equipment 59,932.52

1,178,390.15

317,149.21

2,732,519.32

The cost of maintenance of the Administration Building,

including the items of fuel, Hghting, janitorial services, mainte-

,„ . nance of grounds, repairs, and other incidental

tenance of Admin- expeuses, has been, for 1910, $2,981.65; for 1911,
istration Building.

^2^641.53; for 1912, $2,919.89; for 1913, $2,601.15;

for 1914, $3,251.08; for 1915,* $3,955.60; and for 1916, 2,870.51.

Includes unusual expenses incident to the examination and repointing of the masonry joints

of the building and to the installation of an overhead water-supply system.



REPORT OF THE PRESIDENT, 1916. 23

PUBLICATIONS.

The publication of 23 volumes has been authorized by the

Executive Committee during the year, at an aggregate estimated

^ ^,. ,. , ,^ cost of $59,026.40. The following hst gives the
Publications Autho- ' o ?3

rized and Issued titles and names of the authors of the publications
unng e ear.

-gg^^^ during the year; it includes 35 volumes, with

an aggregate of 9,478 octavo pages and 2,430 quarto pages; 24

additional volumes are now in press.

List of publications issued during the year.

Year Book, No. 14, 1915. Octavo, 441 pages, 3 plates, 4 figures.

Index Medicus, Second Series, vol 13, 1915. Octavo, lOll+n + 170 pages.

No. 34. Wieland, G. R. American Fossil Cycads. Vol. II. Taxonomy. Quarto, vii +277
pages, 58 plates, 97 text figures.

No. 74. Sommer, H. Oskar. Vulgate Version of the Arthurian Romances, edited from manu-
scripts in the British Museum. Index of Names and Places. Quarto, 85 pages.

No. 86. Peters, C. H. F., and E. B. Knobel. Ptolemy's Catalogue of Stars: A Revision of the
Almagest. Quarto, iii +207 pages.

No. 89. Hodell, Charles W. The Old Yellow Book: Source of Browning's "The Ring and the
Book." Reprint. Octavo, 7 +cclxii +345 pages, 4 plates.

No. 115. Boss, Lewis. Preliminary General Catalogue of 6188 Stars for the Epoch 1900,

including those Visible to the Naked Eye and other well-determined Stars. Second
Edition. Photographic Reproduction. Quarto, 3 +xxxvii +345 pages.

No. 151. Stagei, Henry W. A Sj-Iow Factor Table of the First Twelve Thousand Numbers,
giving the Possible Number of Sylow Sub-Groups of a Group of Given Order betw^een
the Limits of and 12,000. Quarto, xii+120 pages, 1 plate.

No. 189. Osgood, C. G. A Concordance to the Poems of Spenser. Quarto, xiii+997 pages, 1

plate.

No. 202. Cooper, Lane. A Concordance to the Works of Horace. Octavo, x +593 pages.

No. 206. Johnson, Duncan S., and Harlan H. York. The Relation of Plants to Tide Levels: A
Study of Factors affecting the Distribution of Marine Plants. Octavo, 162 pages,

24 plates, 5 figures.

No. 215A. Johnson, E. R., T. W. Van Metre, G. G. Huebner, and D. S. Hanchett, with an intro-

ductory note by H. W. Farnam. History of Domestic and Foreign Commerce of the
United States. Octavo. Vol. I. xv+363 pages, m-vps, 1 to 5. Vol. II. ix+398
pages, maps 6 to 10.

No. 215B. Clark, Victor S. History of Manufactures in the United States, 16U/ to 1860.

Octavo, XII +675 pages, 7 plates, and 7 text-figures.

No. 220. Faust, A. B. Guide to Materials for American History in Swiss and Austrian Archives.

Octavo, X +229 pages.

No. 229. Barus, Carl. Experiments with the Displacement Interferometer. Octavo, vi+113
pages, 66 figures.

No. 232. Dodge, Raymond, and F. G. Benedict. The Psychological Effects of Alcohol. An
Experimental Investigation of the Effects of Moderate Doses of Ethyl Alcohol on a
Related Group of Neuro-muscular Processes in Man. Octavo, 281 pages, 1 plate,

32 figures.

No. 233. Benedict, Francis G., and Fritz B. Talbot. The Physiology of the New-born Infant:

Character and Amount of the KataboHsm. Octavo, 126 pages, 10 figures.

No. 236. Davenport, C. B. The Feebly Inhibited: Nomadism or the Wandering Impulse, with
Special Reference to Heredity. Inheritance of Temperament. (Paper No. 24,

Station for Experimental Evolution.) Octavo, 158 pages, 89 figures.

No. 237. Morgan, T. H., and C. B. Bridges. Sex-linked Inheritance in Drosophila. Octavo,
87 pages, 2 plates, 8 figures.

No. 238. Moodie, Roy Lee. The Coal Measures Amphibia of North America. Quarto, x +222
pages, 26 plates, 43 text-figures.

No. 240. Estabrook, A. H. The Jukes in 1915. (Paper No. 25, Station for Experimental
Evolution.) Quarto, vii+85 pages, 28 charts.
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No. 211. Castle, W. E., and Sewall Wri<iht. Studies in Inheritance in (juinoa-Pigs and Rats.
(Paper No. 26, Station for Experimental Evolution.) Octavo, iv+ 192 pages, 7
plates, 7 text-tiKures.

An Expedition to the Home of the Guinea-Pi^ and some Breeding Experiments
with Material there obtained. By W. E. Ca.«tle. Pages 1 to 55.

An Intensi\o Study of the Iiiheritaiifo of Color and of Coat Characteis in Guinea-Piga,
with es)-ecial reference to Graded Variations. By Sewall Wright. Pages 57 to 160.

Further Studies of PieKald Rat.s and Selection, with Observations on Gametic Coupling.
By W. E. Ca.^tle. Pages 161 to 192.

\o. 242. Clements, Frederic E. Plant Succession: An .\nalysis of tlic Development of Vegeta-
tion. Octavo, xiii-l-512 pages, 61 plates, 50 figures.

No. 243. Goodale, H. D. Gonade';toniy in relation to the Secondary Sexual Characters of

Some Domestic Birds. (Paper No. 27, Station for Experimental Evolution.) Octavo,
52 pages, 7 plates.

No. 244. Churchill, William. Sissano: Mo\-ements of Migration within and through Melanesia.
Octavo, LSI pages, 17 charts.

No. 249. Barus, Carl. The Interferometrj' of Reversed and Non-reversed Spectra. Octavo, 15S
pages, 21 tables, 99 figures.

Illustrated pamphlet descriptivi; of the plan and scope of the Institution. Fifth edition, dated
Septeml>er 1, 1916. Octavo, 51 pages.

Classics of International Law:
Vatlel, E. dc: Le Droit des Gens.

Vol. I. A Photographic Reproduction of Books I and II of the First Edition (175S), with an
Introduction by A. dc Lai)r;!delle. Octav^o, Lix-j-541 pages, and portrait of Vattel.

^'ol. II. A Photographic Reproduction of Books III and IV of the First Edition (1758).

Octavo, XXIV -(-376 pages.

Vol. III. Translation of the Edition of 175S (by Charles G. Fenwick), with translation (by
G. D. Gregory) of Introduction bj- A. de Lapradelle. Octavo, Lxxxviii -|-398 pages.

Rachel, Samuel: De Jure Naturae et Gentium Disscrtationcs. IntJ-oduction by L. von Bar.

\'ol. I. A Reproduction of the Edition of 1076, with portrait of Rachel. Introduction by
Ludwig von Bar, and List of Errata. Octavo, 16a-(-x -|-33o page^.

Vol. II. A Translation of the Te.<t, by .John Pawicy Bate, with Index of Authors Cited.

Octavo, 16a-riv-F233.
Textor, .Johann Wolfgang: Synopsis .Juris Gentium. With introduction by Ludwig von Bar.

Vol. I. A Reproduction of the First Edition (1680), with portrait of Textor. Introduction
by Ludwig von Bar, and List of Errata. Octavo, 28a-|-vi-f-14S-|-16S pages.

Vol. !I. A Translation of the Text, ))y .John Pawley Bate, with Index of Authors Cited.

Octavo, 26A -j-v -f-349 pages.

Sales of Publica-
tions and Value
of those on hand.

The following table shows the amounts received

from subscriptions to the Index INIedicus, from

sales of Year Books, and from sales of all other

publications for each year since the foundation of the Institution

:

Table showing sales of -puhlications.

Year.
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At the end of the fiscal year there are on hand 100,128 volumes

of miscellaneous publications and Year Books, having a sale

value of $243,142.35; also 31,081 numbers of the Index Medicus,

having a sale value of $16,147.75. The total value of publica-

tions on hand is therefore $259,290.10.

In connection with the above statement it is fitting to add
that since the foundation of the Institution there have been

distributed, chiefly by gifts to libraries and to authors, but to a

noteworthy extent also by sales, a total of 159,908 volumes of

publications of the Institution.

.t. J T7 . . The data furnished in the following table are of
Growth and Extent ....

of Institution's statistical interest in respect to the work of pub-

lication of the Institution. Three hundred and
thirty-four volumes, embracing a total of more than 91,000

pages of printed matter, have thus far been issued b}^ the

Institution.

Table shoicing number of volumes, number of pages {octavo and quarto),

and totals of pages of publications issued by the Institution for each

year and for the fourteen years from 1902 to 1916.

Year.



APPENDIX.

BIBLIOGRAPHY OF PUBLICATIONS RELATING TO WORK OF INVESTIGATORS.
ASSOCIATES. AND COLLABORATORS.

Under this heading it is sought to include titles of all publications proceeding from work done
under the auspices of the Carnegie Institution of Washington, exclusive of the regular publica-

tions. A list of the latter which have appeared during the year will be found in the President's

Report (pp. 23, 24).

Adams, L. H. See Johnston, John.

Adams, Walteu S. Investigations in stellar spectroscopy: I. A quantitative method of clas-

sifying stellar spectra. Proc. Nat. Acad. Sci., vol. 2, 143 (1916); Mt. Wilson Communica-
tions, No. 23.

. Investigations in stellar spectroscopy: II. A spectroscopic method of determining

stellar parallaxes. Proc. Nat. Acad. Sci., vol. 2, 147 (1916); Mt. Wilson Communications,

No. 24.

. Investigations in stellar spectroscopy: III. Application of a spectroscopic method of

determining stellar distances to stars of measured parallax. Proc. Nat. Acad. Sci., vol. 2,

152 (1916) ; Mt. Wilson Communications, No. 25.

. Investigations in stellar spectroscopy: IV. Spectroscopic evidence for the existence

of two classes of M-type stars. Proc. Nat. Acad. Sci., vol. 2, 157 (1916); Mt. Wilson Com-
munications, No. 26.

. The spectrum of the companion of Sirius. Pubs. A. S. P., vol. 27, 236 (1915).

. Note on the spectrum of stars of Hars'ard types N and R. Pubs. A. S. P., vol. 27, 238

(1915).
. . A spectroscopic method of determining stellar parallax. Pubs. A. S. P., vol. 28, 61

(1916).

. Two spectroscopic binaries. Pubs. A. S. P., vol. 28, 80 (1916).

. An interesting case of two stars of common motion. Pubs. A. S. P., vol. 28, 81 (1916).

. Recent stellar spectroscopic results. Read at San Diego meeting, Pac. Div. A. A. A. S.

(1916), and at 19th meeting, Amer. Astron. Soc. (1916).

^ and Francis G. Pease. The spectrum of Nova Lacertse (1910). Pubs. A. S. P., vol. 27,

237 (1915).

, . The spectrum of Nova Geminorum No. 2, February 1916. Pubs. A. S. P.,

vol. 28, 80 (1916).

-, and Harlow Shapley. The spectrum of 5 Cephei. Proc. Nat. Acad. Sci., vol. 2, 136

(1916) ; Mt. Wilson Communications, No. 22.

Albrecht, Sebastian. Anomalous dispersion in the Sun: II. Astrophys. Jour., vol. xliv, 1

(1916).

Allen, E. T. The composition of natural bornite. Amer. Jour. Sci. (4), vol. xli, 409-413 (1916).
'. See ZiES, E. G.

Alten, Hans von. Beitrag zur Entwicklung des Keimendarms einer Schildkrote {Chrysemya

maroinata). Archiv f. mikr. Anat., lxxxvii (1916).

AuLT, J. P. Magnetic declinations and chart corrections obtained by the Carnegie from Dutch
Harbor, Alaska, to Lyttelton, New Zealand, August-November 1915. Terr. Mag., vol. 21,

No. 1, 15-18 (Mar. 1916). Washington.
.

. Cruise of the Carnegie from Lyttelton, New Zealand to South Georgia, December 6,

1915, to January 12, 1916. Terr. Mag., vol. 21, No. 1, 26-27 (Mar. 1916). Washington.

. Cruise of the Carnegie from South Georgia to Lyttelton, New Zealand, January 14 to

April 1, 1916. Terr. Mag., vol. 21, No. 2, 103-106 (June 1916). Washington.

Magnetic declinations and chart corrections observed on the Carnegie from Lyttelton,

New Zealand, to South Georgia, and thence to Lyttelton and Pago Pago, December 1915-

June 1916. Terr. Mag., vol. 21, No. 3, 109-116 (Sept. 1916). Washington.

Barus, Carl. Interferences with two gratings. Science, n. s., vol. xlii, 841 (1915).

. Trains of beating light waves. Science, n. s., vol. xlii, 350 (1915).

. Interferences of crossed spectra. Amer. Jour. Sci., vol. xi., 486-498 (1915).

. Channeled grating spectra obtained in successive diffractions. Proc. Nat. Acad. Sci.

(June 1916).

. Note on the interferences of parallel and of crossed raj^s. Science, n. s., vol. xliii,

435-436 (1916).

. Identical pencils of light crossing each other at a small angle. Science, n. s., vol.

XLIII. 282-284 (1916).

. . Distance between two parallel plates. Physical Rev., vol. vii, 79-86 (1916).

. Interferences of the direct spectra of two superposed gratings. Physical Rev., vol. vii,

587-598 (1916).

The interferences of reversed spectra. Amer. Jour. Sci., vol. xli, 414-434 (1916).

Basset, Gardiner C See Riddle, Oscar.

26
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Bauer, L. A. Status of magnetic surveys in South America. [Abstract of paper presented before
Section II, Second Pan-American Scientific Congress at Washington, Dec. 28, 1915; printed
by the Congress.]

. Concomitant changes in terre&vrial magnetism and solar radiation. Proc. Nat. Acad.
Sci., vol. 2, 24-27 (Jan. 1916). Washington.

. Corresponding changes in the earth's magnetic field and the solar radiation. [Abstract.]
Jour. Wash. Acad. Sci., vol. 6, No. 6, 153 (Mar. 19, 1916). Washington.

. On possible planetary magnetic effects. Physical Rev., ser. 2, vol. 7, 500 (Apr. 1916).

. The work done by the United States Coast and Geodetic Survey in the field of terres-

trial magnetism. Published in "Centennial Celebration of the United States Coast and
Geodetic Survey," April 5-6, 1916, 14-25 (1916). Washington.

. Relations between changes in solar activity and the earth's magnetic activity, 1902-
1914. Science, n. s., vol. xliii, No. 1116, 724 (May 1916).

. Our Earth a great magnet. Jour. Franklin Inst., vol. 181, No. 5, 601-628 (May 1916).
and H. W. Fisk. On the results of some magnetic observations during the solar eclipse

of August 21, 1914. Terr. Mag., vol. 21, No. 2, 57-86 (June 1916)). Washington.
Baxter, G. P., and M. R. Grose. A revision of the atomic weight of zinc. The electrolytic

determination of zinc bromide. Jour. Amer. Chem. Soc, vol. 38, 868-873 (Apr. 1916).
,

, and M. L. Hartmann. A revision of the atomic weight of cadmium: IV. The
electrolytic determination of cadmium in cadmium bromide. Jour. Amer. Chem. Soc,
vol. 38. 857-873 (Apr. 1916).

, and C. F. Hawkins. The densities and cubical coefficients of expansion of certain sub-
stances: AS2O3, PbCl2, PbBra, PrCls. Jour. Amer. Chem. Soc, vol. 38, 266-271 (Feb. 1916).

, and C. C. Wallace. Changes in volume upon solution in water of the halogen salts of

the alkali metals: II. Jour. Amer. Chem. Soc, vol. 38, 70-105 (Jan. 1916).
, . The densities and cubical coefficients of expansion of the halogen salts of

sodium, potassium, rubidium, and cesium. Jour. Amer. Chem. Soc, vol. 38, 259-266
(Feb. 1916).

-, W. H. Whitcomb, O. J. Stewart, and H. C. Chapin. A revision of the atomic weight
of neodymium: II. Jour. Amer. Chem. Soc, vol. 38, 302-310 (Feb. 1916).

Becker, George F., and Arthur L. Day. Note on the linear force of growing crystals. Jour.
Geol., vol. XXIV, 313-333 (1916).

, . Bemerkungen ueber die lineare Kraft wachsender Kristalle. Centr. f. Min.,
No. 14/15 (1916).

Benedict, Francis G. The alcohol program of the Nutrition Laboratory with special reference

to psychological effects of moderate doses of alcohol on man. Science, n. s., vol. xliii, 907
(1916).

. A photographic method for measuring the surface area of the human body. Amer.
Jour. Physiol., vol. 41, 275 (1916).

. The relationship between body surface and heat production, especially during prolonged
fasting. Amer. Jour. Physiol., vol. 41, 292 (1916).

, and Hans Murschhauser. Energv transformations during horizontal walking. Proc
Nat. Acad. Sci.. vol. 1, 597 (1915).

, and Fritz B. Talbot. The physiology of the new-born infant. Proc. Nat. Acad. Sci.,

vol. 1, 600 (1915).

, and Edna H. Tompkins. Respiratory exchange, with a description of a respiration

apparatus for clinical use. Boston Med. and Surg. Jour., vol. 174, 857, 898, and 939 (1916).

See Dodge, Raymond.
Bjerknes, V. Theoretisch-meteorologische Mitteilungen. Meteorol. Zeitsch., 337-343 (1915).

. Ueber Wellenbewegungen in kompressiblen schweren Fliissigkeiten. Abhandl. der
Kgl. Sachischen Gesells. der Wissenschaften, Bd. 35, No. 2, 1-36 (June 1916).

Ueber Warmemaschinen die unter Mitwirkung der Schwerkraft arbeiten. Abhandl. der

Kgl. Sachischen Gesells. der Wissenschaften, Bd. 35, No. 1, 1-40 (June 1916).

Blakeslee, Albert F. Zygospores and Rhizopus for class use. Science, n. s., vol. xlii, 768-
770 (Nov. 26, 1915).

. Variability curve following law of chance. Jour. Heredity, vol. vii, 280 (June 1916).

. Inheritable variations in the yellow daisy (Rudbeckia hirta). Memoirs, N. Y. Bot.

Card., vol. 6, 89 ( Aug. 1916).

Boss, Benjamin. The apex of solar motion derived from the Albany Zone Catalogue. Astron.

Jour., No. 689 (Apr. 1916).
. Systematic motion of the B-type stars. Astron. Jour., No. 691 (May 1916).

BowEN, N. L. The later stages of the evolution of igneous rocks. Jour. Geol., vol. xxiii, supp.,

1-91 (1915).

Bowman, H. H. M. Adaptability of a sea grass. Science, n. s., vol. xliii, 244-247 (Feb. 18,

1916).

Byrnes, Charles Metcalfe. Clinical and experimental studies upon the injection of alcohol

into the Gasserian ganglion for the relief of trigeminal neuralgia. Johns Hopkins Hosp.

Bull., vol. XXVI, 1-10 (1915).
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Cannon, W. A. On the relation of root growth and development to the temperature and aera>

tion of the soil. Anier. Nat. (July 191G).

, and E. E. Free. The ecological significance of soil aeration. Science, n. s., vol. xi.iv

(1916).

Carpenter, Thorne M. A comparison of methods foi Jetermining the respiratory exchange of

man. Proc. Nat. Acad. Sci., vol. 1, 602 (1915).
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REPORT OF THE EXECUTIVE COMMITTEE.

To the Trustees of the Carnegie Institution of Washington:

Gentlemen: Article V, Section 3, of the By-Laws provides that the
Executive Committee shall submit, at the annual meeting of the Board
of Trustees, a report for pubUcation ; and Article VI, Section 3, provides

that the Executive Committee shall also submit, at the same time, a
full statement of the finances and work of the Institution and a detailed

estimate of the expenditures for the succeeding year. In accordance
with these provisions, the Executive Committee herewith respectfully

submits its report for the year 1915-1916.

During the fiscal year ending October 31, 1916, the Executive Com-
mittee held eight meetings. Printed reports of these meetings have
been mailed to each Trustee of the Institution.

Upon the adjournment of the Board of Trustees on December 10,

1915, the members of the Executive Conmaittee met and organized by
the re-election of Mr. Welch as Chairman for 1916, and by voting that

the Assistant Secretary of the Institution act as Secretary of the Com-
mittee for the same period.

The President's report gives in detail the results of the work of the
Institution for the fiscal year 1915-1916, together with itemized finan-

cial statements for the same period and a summary of receipts and
expenditures of the Institution to date. The President also submits
a report and an outhne of suggested appropriations for the year 1917.

The Executive Comjnittee hereby approves the report and the recom-
mendations of the President as the report and recommendations of

the Committee.
The Board of Trustees at its meeting of December 10, 1915, in-

structed the Executive Comanittee to appoint either Messrs. Price,

Waterhouse & Co., of New York, or Messrs. Arthur Young & Co., of

Chicago, to audit the accounts of the Institution for the fiscal year
ending October 31, 1916. Proposals were obtained from these firms,

and at its meeting of February 17, 1916, the Executive Conunittee
selected Messrs. Price, Waterhouse & Co. as auditors for the past year.

The report of this company is herewith submitted as a part of the

report of the Executive Committee.
There is also submitted a balance sheet, showing the condition of the

assets and habihties of the Institution on October 31, 1916, together

39
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with statements of receipts and disbursements since the organization

of the Institution on January 28, 1902.

A vacancy in the Board of Trustees, occasioned by the death of

Mr. Seth Low, calls for action at the coming meeting of the Board of

Trustees. In accordance with further provision of the By-Laws,

names to fill such vacancy have been requested and submitted to

members of the Board.

William H. Welch, Chairman.

Cleveland H. Dodge.
Wm. Barclay Parsons.

Henry S. Pritchett.

Elihu Root.
Charles D. Walcott.
Henry White.
Robert S. Woodward.

November 16, 1916.
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Schedule of securities

Par value.
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Schedule of securities—continued.

Par value.
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Balances due minor grants.

Astronomy :

Kapteyn, J. C $333.40

Archeology-
Van Deman, E. B 1,400.00
Morley, S. G 408.79

Bibliography:
Index Medicus 10,721.09

Biology:
Department of Experimental Evolution 300 . 00
Dutra, J 100.00
Jackson, R. T 282.50
Morgan. T. H 1,925.05
Vaughan, T. W 362.80

Do 16.70
Do 300.00

Botany:
Britton and Rose 1,165.00

Chemistry :

Jones, H. C 1 , 252 . 80
Morse, H. N 666 . 70
Noyes, A. A 300.00
Osborne, T. B., and L. B. Mendel 4,983.43
Richards, T. W 450.00
Sherman, H. C 180.00
Remsen, Ira 916.67

Geology:
Chamberlin, T. C 648 . 08
Moulton, F. R 425.00

History :

Osgood, H. L 200.00
Turner, Frederic J 3,600.00

Literature :

Bergen, Henry 300.00

Mathematics:
Morley, Frank 600.00

Meteorology :

Bjerknes V 450.00

Paleontology:
Case, E. C 250.00
Hay, O. P 943.70
Wieland, G. R 592.50

Philology :

Churchill, William 2,083.38

Physics:
Nichols. E. L 2,500.00
Nipher. F. E 255.80

Physiology :

Reichert, E. T 1,500.00

Zoology:
Castle. W. E 416.70

Unallotted :

Minor grants 3,855.20

44,685.29
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Balances due large grants.

Department of Botanical Research S4, 855 . 00

Department of Economics and Sociology 25 , 724 . 62

Department of Embryology 17,425.84

Department of Experimental Evolution 7, 151 . 16

Geophysical Laboratory 23 , 197 . 88

Department of Historical Research 4, 995 .00

Department of Marine Biology 1 , 000 . 00
Department of Meridian Astrometry 4, 807 . 18

Nutrition Laboratory 14 , 130 . 27

Division of Publications 2 , 864 . 43

Solar Observatory 38, 135 . 50

Department of Terrestrial Magnetism 23 , 528 . 42

167,815.30

Balances due publication account.

American Ethnological Society $900 . 00

Barnard, E. E 2,060.00
Barus, Carl 1,138.00

Boss, Benjamin, et al 2,000.00
Carnegie Institution of Washington 51 . 58

Churchill, William 1,348.69
Clark, H. L 7,859.67
Concordance to Keats 4 , 500 . 00
Contributions to Embrj'ology 1 , 823 . 00

Do 3,754.10
Crampton, Heniy E 7,652. 15

Colder, Frank A 900.00
Goodale, H. D 322.66
Hedrick, H. B 1,359.80
Hill, R. R 2,600.00
Index to State Documents 7, 882 .61

Index to U. S. Documents relating to Foreign Affairs 8 , 397 . 93
Ivens, W. G 1,600.00
Knobel, E. B 1,300.00
Meyer, B. H 3,000.00
Morley, S. G 2,094.32
Moulton, F. R 2,463.25
Papers from Department of Marine Biology, Pub. 213 2,039.69
Reprint of "The Old Yellow Book" 425.03
Republication of Classics of International Law 6,036.56
Researches, Department of Terrestrial Magnetism 3 , 943 . 30
Weed, L. H 1,754.80
Unallotted 15,256.77

94,463.91
Paper in stock, to be used in pubUcations 19,933.57

74,630.34
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New York, November 28, 1916.

To the Executive Committee, Carnegie Institution of Washington:

Dear Sirs : We beg to report that we have audited the accounts of

the Institution for the year ended October 31, 1916.

The securities representing the investments have been exhibited to

us and we have ascertained that the income therefrom has been duly

accounted for. We counted the cash on hand and verified the cash in

bank with certificates from the depositaries.

Properlj^ approved vouchers and cancelled checks have been exhib-

ited to us for all payments made during the period by the administra-

tive office at Washington, but we did not audit the books of the various

departments, as these departments are audited by the Bursar under

authority of your Committee.

We checked the appropriations and allotments with certified copies

of the minutes of the Trustees and of the Executive Committee.

In accordance with the established practice of the Institution, real

estate and equipment are carried at cost, and all publications on hand
at their selling value, and both the unexpended appropriations and the

balance of income receivable for the calendar year are taken up in the

balance sheet of October 31, 1916. Securities owned are carried at

original valuation or cost, the aggregate of which is less than the market

value.

Subject to the foregoing explanation, we certify that the statements

printed on pages 41 to 47 of the Year Book for 1916 are in accord with

the books of the Institution and are correct.

We found the books to be accurately and carefully kept and every

facility was afforded us during the course of our audit.

Yours very truly.

Price, Waterhouse & Co.
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REPORTS ON INVESTIGATIONS AND PROJECTS.

The following reports and abstracts of reports show the

progress of investigations carried on during the j^ear, including

not only those authorized for 1916, but others on which work
has been continued from prior years. Reports of Directors of

Departments are given first, followed by reports of recipients

of grants for other investigations, the latter arranged according

to subjects.





DEPARTMENT OF BOTANICAL RESEARCH.*
D. T. MacDougal, Director.

Most of the problems under consideration are mentioned in the fol-

lowing paragraphs, which also indicate methods of procedure, describe

progress, and summarize the more important results.

The study of the available facts and accepted conclusions concern-

ing photosynthesis, perhaps the most important single process in the

organic world, eliminates the theory of Baeyer from the possible

explanations. The experimental research on this subject is planned
on the conception that its initial stage is much more complex than a
simple condensation of formaldehyde to sugar.

The cacti have been selected for the study of the carbohydrate
economy of plants, and no evidence has so far been uncovered indica-

tive of special formative substances. These and other plants may get

into a state of starvation for sugar, although having an ample supply
of starch on hand which can not be hydrolyzed at temperatures inhibit-

ing enzymatic action or when the shoot is in a desiccated condition.

The lower limit at which certain cacti may begin to grow has been
found to vary from 10° to 25° C. in the same plant, and the upper limit

at which growth ceases from 26° to 43° C. in a single plant. Tempera-
ture coefficients of 2 or more for every rise of 10° C. were found between
10° and 30° or 35° C. Maxima of 49° C. for growth were encountered.

Endurance of temperatures of 52° and 53° C. were noted. All tempera-
tures were those of the plant-body instead of the air, as ordinarily taken.

The precision auxograph has now been perfected to a point where
it will record a change of 0.0004 inch in length or thickness. It has
been made in a form suitable for recording growth or shrinkage of

plants, imbibition swelhngs, or the swelUng of colloids of interest in

connection with growth.

Eriogonum nudum exhibits a course of growth in which the maximum
is in daylight, and the rate is largely determined by the balance
between absorption and water-loss, no recognizable inhibiting effect

by light being found.

The screens of special glass have now been developed to a point

where they can be manufactured in 16 cm. squares in quantity.

Imbibition is defined as the distensive force in the earlier stage of

growth of the cell, and it plays an important but diminishing part as

vacuoles are formed and the protoplast enlarges. Osmosis increases

in importance with the development of the cell. Most plant-cells have
a greater capacity forwaterwhen shghtly alkahne, unlike gelatine, which
swells most in acidified solutions. In consequence of this fact acidity

checks or retards growth.

Situated at Tucson, Arizona.
51
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The capacity of shoots of cacti for water increases up to maturity

at an age of a year or more, with the dry weight, then decreases.

Disks cut from the joints of young platyopuntias increase in thickness

about 23 per cent in water and in alkaU, but only 16.4 per cent in acid,

while samples from plants a year old swelled 40 per cent in water, 52

per cent in alkaU, and 36.6 per cent in acid.

A search for a mixture of colloids that would exhibit imbibition similar

to those of the plant disclosed that gelatine with a smaller quantity of

agar makes such a mass. Gelatine swells most in acid, and agar in

distilled water. The mixture shows greatest swelUng in alkali, and
simulates the plant as to general composition and beha\'ior.

The rate of transpiration, movements, etc., is influenced by the

capacity of the plant for imbibition. The water-holding capacity of

tissues of cacti is less at night than in the daytime, although the sto-

mata are open at night and closed during the day.

The relative parts which might be played by imbibition and turgor

in the growth of pollen-tubes in cane sugar and acids and alkalies

were studied. The colloids in these cells are of a kind which swells

more in acid than in alkali in very low concentrations.

The ratio of precipitation to evaporation is found to be the factor

which limits the areas of forest, grasslands, and desert, and a new
subdivision of the vegetational areas of the United States has been

worked out, and with this a new method of determination of the

domination of different growth-fonns has been devised and put into use.

Flattened bodies of plants like those of the platyopuntias in a merid-

ional position receive more heat in the course of a day at Tucson than

those in an east-and-west position, and attain temperatures of 53° C.

(124° F.) or more. Transpiration, dry weight, etc., correspond to the

exposure.

The roots of different plants show varied relations to oxygen, which

is correlated with soil-penetration and habit. Similar differences as

to temperature at which growth proceeds have been measured. The
forms taken by root-systems of plants may be greatly affected by
change in environmental conditions.

The roots of the swamp willow {Salix sp.) grow for extended periods

in atmospheres devoid of oxygen.

For study in connection with the physical characters of their habi-

tats, 300 determinations have been made of the concentration of the

saps of plants in mountain and desert habitats. The sap of parasites

is generally of a higher concentration than that of the host, though

not always or necessarily so, as suggested by MacDougal in 1910.

A map of the vegetational areas of the United States, based on

behavior and anatomy of growth-forms, has been brought to the publi-

cation stage.

Beetles (Leptinotarsse) introduced at Tucson show gradual morpho-
logical changes which do not seem to be reversible, and which react as
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Mendelian recessives when crossed back with the original stock. Some
physiological changes react as dominants in crosses. Some of the 20

mutants previously observed have recurred. Accumulating evidence

tends to show that the mutability is not a hybridization splitting.

Wide divergences were found in the progenies of single species of

Oenothera from widely separated localities and some striking aberrants

or mutants were found.

The taxonomic investigation of the Cactacese has been carried to a

point where it has been possible to prepare the first of the volumes
deahng with the Pereskiese and Opuntise, in which it is proposed to

give a comprehensive treatment of the family.

Some extensive regions in South America inhabited by cacti remain-

ing unexplored, Dr. N. L. Britton, one of the associates engaged in the

research, has undertaken the expense and execution of the field-work.

The Salton Sea has come down to a stage where the level is oscillat-

ing, with a final reduction of 40 inches in depth annually. The total

solid matter in solution amounted to 1.6 per cent on June 10, 1916.

The increased salinity has been followed by a modification of the

activities of organisms supposedly active in the precipitation of

calcium, but that element is still being shown in a proportion not

consistent with mechanical concentration.

The revegetation of an island has been followed from a stage in

which it was inhabited by but two individuals in 1908 to 1916, when
the census showed 470 individuals, representing 10 species.

Variations in climate affecting vegetation in the preceding geological

periods are attributed chiefly to the frequency and distribution of

cyclonic storms. Solar and terrestrial data for each day of seven

years have been computed in this connection.

The study of the Mohave River, the chief streamway of the Mohave
Desert, leads to the conclusion that this river has been of the truncated

type during the greater part of its history, and that its waters cut

across the barrier and flowed into Death Valley for a very brief period

only. This evidence is of great value in making out the evolutionary

history of the vegetation of this ancient desert.

Precipitation being limited in desert regions, the underflow becomes
of the greatest miportance to vegetation. It is shown that artesian

conditions do not require a bowl-shaped basin, but that buried stream-

ways in trough-like valleys may have layers of impervious clays and
of sand and gravel in which water collects under such head that it

may rise to the surface or above it when tapped. Some generaliza-

tions of practical value in putting down deep wells are reached.

Wind erosion in the Painted Desert and the torrential flow of a

desert river when its channels have been progressively cleared are

included in the surface phenomena of arid regions which are being

kept under systematic observation.



54 CARNEGIE INSTITUTION OF WASHINGTON.

PHOTOSYNTHESIS. IMBIBITION. AND GROWTH.

Studies in Photosynthesis, by H. A. Spoehr.

The Baeyer theory of photosynthesis which for almost half a cen-

tury has dominated investigation in this field is being made the subject

of critical experimental study. The basis of this theory is the con-

densation of formaldehyde in aqueous solution by means of alkahes,

as discovered by Buterlow in 1861. No consideration has ever been
given to the question whether this reaction actually takes place under
conditions such as exist in the chlorophyllous leaf. Accordingly a

series of tests was undertaken to determine whether formose is formed
from formaldehyde in weak alkaline or in neutral solution and at

ordinary temperatures, and whether the reaction is influenced by sun-

light. Pure 3 per cent solutions of formaldehyde (free from methyl
alcohol and formic acid) were used, with the salts in N/10 concentra-

tion, in glass flasks. These were exposed directly to the sunlight for

5 months, and the amount of sugar formed determined every month.

Not a trace of sugar was formed by CaCOs, 3MgC03.Mg(OH)2.3H20.,
K2CO3, KHCO3, KOH, colloidal Fe (0H)3, ui the dark or the sunhght.

ZnC03 formed a trace in the light, but none in the dark. Light does

increase the sugar formation with the stronger alkali hydroxides.

Pure neutral formaldehyde solutions in glass and quartz vessels formed
no sugar at all in the sunlight. Even then, if formaldehyde were

formed as the first reduction product of carbon dioxide, which has

previously been shown to be highly improbable, it would seem that

this second step in the photosynthetic process must proceed in a

different manner than is supposed by this theory. The whole process

is, no doubt, of a nature much more highly complex, involving the

operation of unknown enzymes in cooperation with the chloroplasts.

The Carbohydrate Economy of Cacti, by H. A. Spoehr.

The phenomenon of metabolism presents such a complex and mul-

tiplicity of molecular disintegrations and reconstructions that a com-
parative study of plants of different physiological behavior is of the

greatest importance in order to gain a clear and comprehensive con-

ception of this activity. The higher plants exhibit differences not so

much as to the course and nature of their metabolism, but rather as

to the accumulation of substances formed either as by-products or as

intermediate steps in the complete katabolism. These differences

are often the result of structural or environic conditions. For the

purpose of studying these relations the cacti offer very interesting

material, both on account of their structural peculiarities and the rather

extreme climatic conditions under which they live. Certain of the

characteristics of the metabohsm of these plants have already been

thoroughly studied by Dr. H. M. Richards. However, our knowledge
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of the essential features of the earUer stages of the metabolic activity

of cacti is still very incomplete. In studying the various vital pro-

cesses of these plants, it is possible to deal with the visible products,

and these products afford certain proof of and insight into the metabolic

activity, although the exact nature and causes of these changes may be

still undetermined.

The carbohydrates predominate in the general food economy of the

cacti. It was necessary to develop accurate methods to determine

various groups of sugars of different physiological significance. Opun-
tia blakeana and 0. discata have been most generally used, and analyses,

together with determinations of the rate of respiration, have been

carried out under a variety of experimental and natural conditions.

A growing young joint seems to affect the food-supply of the mother

joint but very slightly, apparently becoming autonomous in this

respect very early in its development. The rate of respiration, as

well as of photosynthesis, is naturally much higher in the growing

than in the mature joint. There is no evidence of the existence of

special formative and respiratory substances, and in regard to food-

content young and mature joints exhibit the same or parallel reactions

to changes in environic conditions, e. g., temperature or water-supply.

The nature of food consumption is shown in a series of starvation experi-

ments; these, when compared with the results from normal material,

indicate that although ordinarily the metabolic functions make sub-

maximal demands on the food-supply, during times of intense heat

and drought the plant is in a state of privation in regard to certain

sugars. It remains to be determined whether this labile equilibrium

of starch "^z^i monosaccharide is purely a temperature effect or is here

related also to the water-content of the plant.

The function of the slimes, which are of pentosan nature, is still

quite obscure. It is certain, however, that the pentoses are not to be

regarded as inert components, but are drawn into the complex of

metabolic activity quite as actively as the hexoses. In this work very

helpful assistance has been rendered by Mr. J. M. McGee.

Teviperature and Growth, by D. T. MacDougal.

The lower limit at which growth may begin, the degree at which it

proceeds most rapidly and continuously with regard to the stage of

development of the organ m^easured, the point at which a higher rate

may be maintained for a short period, and the upper limit of tempera-

ture have been the subject of many observations. Some attention

has also been paid to the acceleration ensuing from definite rise in

temperature with reference to the van't Hof law of chemical action.

Growth includes a number of separate processes, each of which goes

on at a rate modified by the temperature by the amount of material
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brought into the chemical reactions and by the concentration of the

products of the reactions. The rate and amount of expansion of a

growing organ depends upon osmosis and imbibition, which are modi-

fied in a manner not closely conformable to the van't Hof law. A
statement of definite temperatures for any of the critical points will

laclv final value unless given as the resultant of a formula expressive

of the intensity of the contributory factors. Attention has been paid

to the upper and lower limiting temperatures of growth. It might be

possible in either case to find some theoretical point where one of the

processes would be stopped absolutely with all of the other contribu-

tory factors at an optunal intensity. It does not follow, however,

that growth mil begin when a rising temperature passes the lower hmit,

or that it will carry on to the upper limit.

Extensive tests and measurements of about 40 growing shoots of

Opuniia in their native habitats showed that the temperature of the

body at which enlargement might begin ranged from 10° to 25° C.

Growth ceased under varying conditions at temperatures ranging

from 26° to 43° C.

The rates of growth of an etiolated shoot of Opuntia during a month
in a dark room is illustrated by the following excerpts from the notes

:

Varying rates of 1.2, 1.2, 1.15, 0.85, and 1.15 daily at 16 to 18° C.

Increasing rate of 2.9, 3, 3, 3, 3.2, and 3.44 mm. daily at 26° C.

Increased rate of 3.6, 6.7, and 9.6 mm. daily at 30° C.

Increased rates of 11.4, 11.4, 8.4, 9.2, and 11.4 mm. daily at 31.5° to 32° C.

Decreased rate of 5.3 to 5.7 mm. daily at 18° to 19° C.

Increasing rate of 8.4 to 16.8 mm. daily at 39° C.

Decreasing rate of 5.4 to 9 mm. at 39° to 40° C.

Increased rate of 13.2 mm. at 35° C.

Increased rates of 16.8 to 19.2 mm. daily at steady temperature of 38° C.

Decreased rate of 13.2 mm. daily while temperature rose from 38° to 45° C.

Cessation of growth at 45° C.

Resumption of growth at 46° C.

Increased rate of 25 mm. daily during the first hour at 46° C.

Decreased rate of 20 mm. daily for 4 hours at 46° C.

Increased rate of 20.4 mm. daily during an hour at 45° C.

Decreased rate of 18.5 mm. daily during hour temperature was raised to 48.5° C.

Cessation of growth at 48.5° C.

Resumption of growth at rate of 19.2 mm. daily at temperature" of 48° and 46° C.

Growth of 15 mm. daily as temperature rose to 47.5° C.

Cessation of growth at 49° C with air-temperature 40° C.

Resumption of growth after 20 minutes at 49° C, but soon stopped.

Temperature of plant 52° C. for half an hour; air 43° C.

Resumption of gro\vth at 49° C. with air at 41° C. at rate of 9.6 mm. daily.

Similar results with many plants at high temperatures were obtained.

The above records show a gradual progression of the rate as the

development of the shoot proceeded. The comparison of the rate at

any point, as for example, at 16° to 18° C, is made with the next

observed rate at 25° or 26° C. to obtain the temperature coefficient.

The advanced stage of development when the temperature again
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returns to 16° to 18° C. would be responsible for a rate higher than the

preceding one at that temperature. The average rate at 16° to 18° C.

was first found to be 1.5 mm. daily and that at 26° C. was 3.1 mm.
daily, giving a coefficient of 2 for the rise of 10° C. Inspection of

other results gave higher values. A point is reached below 35° C.

where a maximum rate is obtained which is not maintained. When a

plant is placed under constant exposure to any temperature in their

range, a decreasing high rate is exhibited. When this has run its

course, a new rise in temperature is followed by a new maximum, from
which the plant slows down. This stepping up and sliding back
appears to prevail practically to the upper hmit of growth.

The observations reach the high hmit of 49° C. for the growth of

the higher plants. A new limit of endurance of 52° C. for growing plants

was also observed. Growth after such exposure was resumed at the

high hmit of 49° C. as before.

The discovery of these upper limits of endurance and growth of

developing organs are probably conditioned on the use of new methods
of taking temperature rather than upon any specialization of the

protoplasm of the cacti. It has been assumed that the temperature

of growing organs approximated that of the air in nearly all studies

which have hitherto been made on this subject. A. M. Smith secured

body temperatures of the giant bamboo {Dendrocalamus giganteus) as

much as 6° C. above that of the air in his work on the growth of that

plant in Ceylon in 1906, and the use of such temperatures made
possible some advanced generalizations. The differences between the

temperature of the air and of the growing shoots of cacti are as much
as 8° or 9° C. at times. Thermometers of the '' chnical" type with thin

bulbs were used. The thin bulbs were fixed in the tissues of joints

from which new shoots were arising, and in growing shoots similar

to those being measured.

A Precision Auxograph, by D. T. MacDougal.

The changes in volume of growing organs and the measurement of

the swelhng of colloids similar to those concerned in the process have
made necessary the designing of recording apparatus applicable to

both kinds of material. The essential part of such an apparatus con-

sists of a dehcately balanced compound lever, carrying a tracing-pen

on one free end and having an arrangement by which the movement to

be measured may be applied at various intervals on the other free arm.

Magnifications of 10 to 50 are secured in this manner. A clock-driven

cylinder of the standard used in thermographs, barographs, etc.,

carries the recording sheet, which has been specially designed. The
ruled space on these sheets is 8 cm., divided into milHmeters, numbered
on the ''fives" and shaded on the ''tens." The paper is of a quaUty
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to take a tracing from a fine pen-point, making it possible to divide

the millimeters and to read actual changes in size of 0.01 mm. or 0.0004

inch. The lever set is supported on a rack-and-pinion column with a

vertical movement of 10 cm. and the clock may be adjusted at any
height on a fixed vertical column by a sleeved arm and set-screw. A
dozen of these instruments have been constructed and used in getting

the accompanying results on growth.

Growth of Eriogonum in relation to Light, Temperature, and Transpiration,

hy Francis E. Lloyd.

It was mentioned in a previous report (Carnegie Institution Year
Book for 1912, p. 61), that in Eriogonum nudum the transpiration-

rates and growth stand in reverse relation to each other, the magni-

tudes of water-loss being sufficient to produce a checking of growth or

even shrinkage of volume of the growing parts. It was inferred that

this checking of growth was the direct result of net water-loss, and not

of supposed inhibiting effect of light upon growth, a doctrine which

has been passively accepted for many years. During the present

season opportunity has presented itself for a more careful study of the

behavior of the plant in question, which, on account of its long, slender,

naked internodes, suppUes a pecuharly good object for investigation.

This was carried on by methods of field auxanometry, the apparatus

being so arranged that the growing portion under observation could

be inclosed within a chamber in such manner that humidity, both

quality and quantity of light, and, to a large extent, temperature also,

could be controlled.

The average rates of growth during the daylight periods were found

to be usually greater and only occasionally less than in the periods of

darkness, depending upon the state of the growing part, temperature,

humidity, or the amount of water available for that part.

The daily march of growth is as follows : During the early daylight

hours until about 8 there is usually a slight rise in growth-rate. After

that hour the rate falls to a low value, or, much more frequently, there

ensues an actual shrinkage. This is the period during which the loss

of water by transpiration is rapidly increasing, reaching its mxaximum
at about noon. Coincidentally with the checking of transpiration,

the growth-rates rapidly increase in value, the maximum rate being

attained by 1 or 2 p. m., and thereafter mamtained, with fluctuations,

until 6 p. m., when the rates fall to the night values. The afternoon

rates are great enough to more than make up for the negative behavior

of the morning, except, as above stated, under unusual conditions.

That fight can not be held to account for the retardation of growth

during the morning hours as above indicated has been shown to be

an untenable view, since it was found possible experimentally to alter

the rates both positively and negatively quite independently of the
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constancy, increase, or decrease of illumination, even when this has

been increased with respect to the growing part by insolation from three

directions. There seems, indeed, to be no maximum insolation nor-

mally occurring in the field at this locality which can cause any cessa-

tion or inhibition of growth when conditions obtain which insure

water-supply to the growing part. Thus, when a cessation of growth

is apparent, it may be checked, and high rates instituted, by the

removal of leaves (which divert the water-supply), by increasing the

vapor-tension in the vicinity of the growing part, or by merely increas-

ing the temperature when the volume of the growing part is small (as

when the internode under observation is young). These positive

changes may occur coincidentally with increase of illumination from

the blue or red portions of the spectrum to full insolation.

It thus appears that the dominant factor in the mechanism of growth

is the water-balance of the growing part, a conclusion in accord with

studies of A. M. Smith, Lock, W. L. Balls, and Blaauw, thus substan-

tiating (contrary to the widely diffused belief) the view earlier pro-

nounced by MacDougal that light under normal conditions does not

inhibit growth.

Glass Screens for testing the Influence of Light upon Growth and Development,

by D. T. MacDougal.

Glasses for the purpose of screening organisms from various parts

of the solar spectrum have been fixed upon by cooperation with

Dr. H. P. Gage, of the Corning Glass Works. The manufacture of

this material was at first confined to the molding of bell-jars. Not
all of the desired ones could be treated in this manner, and during the

present year the effort was made to blow cylinders which could be

flattened and annealed into sheets. This process has also proved

unsatisfactory and has been discontinued. The method finally fixed

upon is that of stamping out small sheets 6.5 by 6.5 inches (about 16

cm. square). Some glasses in this form have already been secured and

others are in course of manufacture.

The Distensive Forces in Growth, hy D. T. MacDougal.

The embryonic cells of the growing regions of plants, to the activities

of which the external measurable features of growth are due, are com-

pressed globular masses of colloids of varying composition and disper-

sion, including both nitrogenous gels and mucilaginous material of the

pentosans and hexoses. The outermost layer of each protoplast is the

seat of speciaHzed activities and is of greater density than the re-

mainder of the unit. Not all solutes or suspensions pass through it

with equal facility. The kinetic theory of osmosis, by which a pres-

sure is set up inside this membrane by the impact of the molecules
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which can not pass through it, will be adequate for the purpose of

the present discussion without reference to its inadequacies in some
respects.

The greater part of the mass of the protoplast is at first a fairly-

homogeneous mass mechanically, with the exception of the large

nucleus. No distinct "cavities" or large hiatuses in the gelatinous

matter are to be seen. The only forces which might cause the cell

to enlarge in this condition would be the swelling of imbibition and
the osmotic action of the colloids. Definite infoniiation on this

latter action in the plant-cell is not available, but it is safe to assume
that the molecular aggregates of the colloids would act much in the

same manner as single molecules or smaller associations of them.

The presence of hexoses and various salts soon results in the accumu-
lation of water in places in the mass and these irregular vacuoles become
the seat of a much greater osmotic pressure than that displayed by the

colloids. The protoplast soon attains a stage in which it presents the

mechanical features of a sac of denser material with irregular lighter

strands and sheets of cytoplasmic gel separating clearer spaces or

vacuoles, the nucleus somewhat diminished in size and variously held

in the lighter cytoplasm. The cavities or vacuoles undoubtedly con-

tain colloidal material which in its high state of dispersion carries its

capacity for swelhng with hydration.

The picture of the cell as thus described includes the principal

features by which it and thousands of its fellows expand and thus give

rise to the enlargements measurable as growth and to the shrinkages

or diminution of volume which have hitherto received but little atten-

tion. The state of distension or turgidity of the cell has been chiefly

attributed to osmotic pressure and it has been customary to assume
that the expansive force of growth was practically'' identical with its

action. The use of isotonic solutions in the measurement of turgor is

based on this assumption, and the acceptance of the freezing-point

of the sap as a measure of the pressure of the cell rests on the same
conception.

It is clear, however, that imbibition or hydration of the colloids in

addition to their osmotic pressure is also a force to be reckoned in such

detenninations. Interpretations of the action of external agencies,

such as temperature on growth, must take into account not only the

effect exerted upon respiration, enzymatic action, and other reductions

and oxidations, but also the effect of concentration and the state of the

membrane in osmosis. In addition, the colloids (including those of

the cell-wall, the hning layer, the cytoplasmic sheets, and the nucleus)

are undergoing changes in mass as well as in imbibition or hydra-

tion capacity. The hydration phenomena are not those of a single

gel, nor is the resultant a mechanical one, for the admixture of two
or more colloids produces a substance which, as seen in the case of
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gelatine and agar, may swell in a manner not to be predicted, in the

present state of theories as to the structure of colloids.

A varying amount of water is lost at all times by transpiration from
the growing parts of plants and may exceed the supply to such an
extent that a stoppage of growth or an actual shortening may ensue;

how far this is accompanied by a slackening or cessation of adsorption

of new material in protoplastic colloids can not be said at present.

Marked variations in volume of the plant, however, are caused by
such excessive water-loss.

The expansion or enlargement feature of growth is therefore a com-
plex process, the principal energy for which comes from unbibition

and osmotic pressure of colloids in the earher stages of the cell. Osmo-
sis plays a larger part in the later stages of distension. The tissues

and embryonic regions of the plants tested in the experimental work
at the Desert Laboratory swell more in weak alkaline solutions than

in acid or neutral solutions. Studies of the daily course of growth
show that it is most rapid at the time when the aciditj'- of the sap is at

a minimum or when a neutral or alkaline condition has been reached.

High acidity with decrease of imbibition and excessive water-loss may
check or stop growth with consequent shortening of growing organs.

The Effect of Age, Acids, and Alkalies upon Imbibition by Growing Regions and

Tissues of Plants, by D. T. MacDougal.

The capacity of a developing organ for taking up water by osmosis

and imbibition is a feature which plays a very important part in

growth. Mature organs generally have a greater capacity than those

in an embryonic condition. The possibility of making measurements
of material at various ages and under different conditions was one of

the important advantages of using the cacti in studies on growth.

Clean disks 12 mm. across were cut from the flattened joints of

Opuntia. Three of these were arranged in a triangle in the bottom
of a Stender dish and a triangle of thin sheet-glass arranged to rest

its apices on the three disks. The vertical swinging arm of an auxo-
graph was now adjusted to a shallow socket in the center of the glass

triangle, while the pen was set at zero on the recording sheet. Water
or a solution being poured into the dish, the course of the swelling

was traced on a sheet ruled to millimeters.

That the amount of imbibition depended on the presence of certain

recognizable substances, not on the mechanism of the living cell, was
demonstrated by the fact that dried disks gave proportionate differ-

ences equivalent to those of living material.

The average thickness of disks varied from 4 or 5 mm. in the case of

young joints to 18 or 20 mm. in mature ones. The apical parts of

joints showed greater capacity for absorption than the basal ones in
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the proportion of 21 or 22 to 16 or 17 per cent. Comparative tests

were finally based on disks taken from apical regions. The capacity

for absorbing water was seen to increase up to maturity (about 1

year old) then to decrease, as illustrated by the following set of tests

with Opuntia hlakeana, made May 17 to 29, 1916:

Swelling (distilled water)

Dry weight
Total sugar

Fiber

Young.

p. ct.

24.3
16.03
44.91
4.65

Mature.

p. ct.

50
24
38.04
9.13

Old.

p. ct.

41.3
25.95
35.27
11.51

The amount of imbibition is seen to be not a continuous function

of any one substance or group of substances. This would harmonize

with the results of swelling mixtures of gelatine and agar described in

the next paragraph.

The phenomena of proportionate swelhng of gelatine in water, acids,

alkalies, and salt solutions have been mistakenly used hitherto in

attempts at explanation of the mechanism of growth. It has been

demonstrated by repeated tests that the tracts of the growing cells

studied as well as maturing or mature tissues do not swell more in acid

than in distilled water or alkali, as will be illustrated by the following

results

:

Swelling of disks of Opunlia.
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which is a pentose presumably having some quaUties identical with
those of the mucilages of the plant. Dried cylinders and sheets of

this material were first subjected to the tests, being placed under the

auxograph after the manner in which disks of living material were
treated, as described in a previous paragraph. The results compared
with the swelling of gelatine were as follows:
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The outstanding fact that a mixture consisting mostly of gelatine

to which a small proportion of agar has been added shows its greatest

swelling in alkaline solutions is the most important feature of these

results. The mixture in question is available as a physical analogue
which has already been found useful in the study of growth and swelling

of plants. Mixtures consisting half or more of gelatine give acid

swellings of second rank and expand least in water. Mixtures contain-

ing more than half of agar swell most in water, with the effects of

weak acids and alkalies fairly equivalent.

dwelling of agar-geluline 7nixturcs.

Gelatine 80, agar 20 parts.
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plant, and also degree of openness of the stomata. Likewise there

appeared an interrelation between the water-intake by the roots and

the water-holding capacity of the tissues and also the water-content

of the plant. The following conclusions may now be drawn

:

(1) The transpiring power is greatly influenced by hght intensity,

air-temperature, water-content of tissues, and available soil moisture;

these factors clearly exert their influence indirectly through their

action upon some internal process.

(2) Variations in the rate of water-intake by the roots exist and are

evidently independent of variations in transpiration. Variations in

water-intake at the roots are due, on the one hand, to variations

in soil-retentivity, and on the other to variations witliin the plant

itself. The latter may be further subdivided into variations in abso-

lute transpiration-rate and in water-absorbing power of the tissues.

The variations in soil retentivity may be reduced to zero, for experi-

mental purposes, by the use of water-cultures or supersaturated soil,

and then the absolute water-intake divided by the absolute transpira-

tion for the same period gives quantities whose variations may be

traced neither to soil retentivity nor to transpiration changes. This

quantity, A/T, is given the name "secondary absorbing power." It

was found to vary in a direction which is always opposite to the varia-

tions in T/E for the same period, that is, T/E is greater by night and
A/T by day.

(3) The water-holding capacity of cylinders cut from internal tissue

is less at night than during the day. It parallels the behavior of A/T
under all the several environmental conditions which were used in

the experiments.

(4) Stomata are, in general, shut during the day and open at night.

Some evidence appeared that a decrease in T/E preceded the closing

of the guard-cells.

(5) The above conclusions suggest the theory that the variations

in transpiring power and in secondary absorbing power are due to

variations in the water-holding capacity of internal tissue. In the

case of the transpiring power, the changes in water-holding capacity

act indirectly by causing the closure of the stomata and directly by
resisting the evaporative power of the air.

(6) The source of the energy for this resistance to the evaporative

power of the air may be traced to the imbibitional forces of colloidal

gels and the cellulose walls, and hence to surface-tension forces.

(7) The effects exerted by light intensity and air temperature,

especially when their duration is considered, indicate that the varia-

tions in water-holding capacity of tissue are due, at least in part, to

chemical changes brought about by the metabolic processes. Under
"typical" conditions, a high water-holding capacity is accompanied

by a low acidity, and vice versa. However, certain exceptions, occurring
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under controlled conditions, prove that the relation is not so simple

as the influence of mere changes in H-ion concentration. The regular

accumulation and disappearance of many substances within the plant

must be considered not only in the light of their individual influence

on the water-holding capacity, but in that of their combined effect.

(8) In former experiments the author has found well-defined auto-

nomic movements in cacti which could be traced to changes in the

water-content of the plant. These changes in water-content are of

such a nature that the difference between absorption and transpi-

ration is positive for the day and negative for the night. The dis-

covery of corresponding variations in the water-holding capacity of

internal tissue traces the causes of the autonomic movements one step

further.

(9) As desiccation progresses a cactus loses less and less water by
transpiration until a point is reached where the total loss for 24 hours

is almost zero. There is a small loss occurring during the daylight

hours which is frequently entirely replaced by a gain at night. Only

about one-tenth of this gain can be accounted for by hygroscopicity of

the spines.

(10) The water-absorbing capacity of internal tissue from plants

which have been without water for 6 months is about 5 times as great

as of tissue from plants which have had sufficient water. This is

true only if the absorbing capacity be based upon wet weight.

(11) The interpretation of paragraphs (9) and (10) seems to be as

follows: As the plant loses water during a drought period the total

mass has an increasing hold upon its water, until a balance is reached

where the vapor pressures within and without the plant are nearly

equal, even a gain at night taking place when the relative humidity

is higher than during the preceding day. The increased absorbing

capacity of the tissue would tend also to increase the pull of the roots

on the soil-water, and thus perhaps change the amount of available

soil-water, even though the water-content of the soil is not raised.

(12) By the above, the ability of the cactus to withstand long periods

of drought is traced to its power to hold water within its tissue

against the evaporative force of the air.

Experimental evidence is now being sought for the theory mentioned

above, i. e., that the same internal agencies influence both the trans-

piring capacity and the water-absorbing capacity of cacti. Joints

have been taken from plants at various times of the day and night

and sunultaneous measurements made of their evaporating capacity

and water-holding capacity. The experiments thus far show promising

results, but the work has not progressed far enough to pennit of the

statement of a definite law. Expermients are also under way for the

investigation of the relation of evaporation-rate and water-absorbing

rate in non-living colloidal gels.
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The Behavior of Protoplasm as a Colloidal Complex: Factors affecting the

Growth of Protoplasm, by Francis E. Lloyd.

It has already been shown that the protoplast in many kinds of

pollen contains no sap-vacuoles of optically demonstrable size. The
evidence offered indicates that the water taken up when the pollen

is placed in contact with it is solely imbibed, and that the earlier

growth-period of the pollen-tube results in chief part from imbibition

pressure and not from turgor. That osmotic pressure during this

period is absent or negligible in quantity (as compared with imbibi-

tion pressure, optical evidence aside) is inferred from the fact that

growth may take place against a surrounding medium of very high

concentration (50 per cent cane sugar), and the protoplasm may even

burst, preventing, by rupturing the sustaining cellulose wall, the nor-

mal attainment of size which might otherwise be possible.

Proceeding from the above inference, it has been sought to deter-

mine quantitatively what the imbibition pressure of growing pollen

protoplasts might be, as well as the effect of the presence of electro-

lytes upon growth-rates. Pollen of Lathyrus was found most useful.

In distilled water the pollen may either burst very soon without

measurable growth or it may produce short tubes, in exceptional

instances only reaching a maximum length of about 100 microns in 2

hours. At or before this length of tube is attained it bursts at the

apex and the protoplast gushes forth, A portion may be retained and
live for some hours. In 10 per cent cane sugar the matter is little

better, giving a maximum length of 100 microns in 40 minutes, with

bursting at or before this time. A maximum growth-rate of 200

microns an hour and total growth of 640 microns were attained in 20

per cent cane sugar. At higher concentrations both growth-rate and
total growth were less, but were not totally inhibited even in a concen-

tration of 50 per cent. In 30 per cent the rate was about one-half

that in 20 per cent and in 40 per cent less than 0.1 (0.07). It thus

appeared that an outward pressure of the protoplast upon the cell-

wall in excess of a certain quantmn can not be used for effective

growth. To speak more specifically, and so far as we can see at the

moment, the rate at which the protoplast can build the cell-wall of the

pollen-tube is a limiting factor. The total range of pressures which

allow growth at a greater or lesser rate is, however, wide, as indicated

by the above-mentioned cane-sugar concentrationswhich permit growth.

When the pollen-tubes have attained a length of 80 microns more
or less, vacuolization sets in, and we may no longer attribute to imbibi-

tion pressure the chief or, at length, even the greater role. Until this

inversion of role has taken place, however, the rates of growth of the

pollen-tubes may be regarded as a critical index of the effects of

swelling or shrinking of the protoplasm by electrolytes upon growth-

rates, since it has already been shown (Carnegie Institution Year Book
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for 1915, p. 66) that certain electrolytes can cause marked swelling

of the protoplasm, as of such emulsion colloids as gelatine. It must
be noted, however, that indirect effects may conceivably occur, such

as changes induced in the stiiicture of the cell-wall, and these must
not be overlooked.

Acids (hydrochloric, nitric, acetic, citric), in concentrations within

the range N/200 to N/51200 inclusive were found in no case to increase

the growth-rate when combined with 20 per cent cane sugar. At the

lower concentrations the rates were approximate or equal to the con-

trol. At the higher (N/200 to N/1600), growth was less and less, and
bursting took place most quickly in the highest concentrations.

When, however, acid (acetic) is combined with cane sugar in a con-

centration of 40 per cent, in which, in the absence of acid, growth

occurs only slightly, the maxunum growth (four times that of the con-

trol) occurred in the concentration N/6400 of the acid component. It

seems clear that the acid increased the imbibition pressure of the

living colloids sufficiently to enable them to overcome the contrary

effect of the cane sugar—a form of antagonism not hitherto recognized.

Concentration below N/6400 produced less growth, while those above

caused bursting.

Of the alkalies, the effect of sodium hydrate has been studied. In

combination with 20 per cent cane sugar, the rate of growth is greater

at the concentrations N/800 to N/1600 than in the control and than

in other concentrations. In the higher concentrations bursting occurs.

That growth takes place in concentrations of alkali lower than acid

may be due to the probably already present acid of the protoplast or

to the possibility that the alkali acts merely on the outer protoplasmic

membrane or on the cell-wall. Sunilar concentrations in water cause

bursting, and the ready penetration of sodium hydrate has been shown
to occur by means of neutral red. The result obtained, therefore,

can hardly be referred to effects on the membrane alone, though it has

been found, especially in the case of Lupinus pollen, that certain concen-

trations cause, in the absence of increase of growth of the protoplast,

an excessive deposition of cellulose, especially within the apex of the tube.

It is also evident that the failure of acids to cause increased growth

in the presence of 20 per cent cane sugar is not due to poisonous effects,

since the tubes remain alive, and since, at higher concentrations of sugar,

growth actually takes place in excess of that in the control.

In addition to the excessive deposition of cellulose the shape of the

pollen-tube may be affected. In general, the tube tends to become
bulbous, or even spherical, under conditions which increase the imbibi-

tion of the contained protoplast.

The investigation of a typical salt (potassium nitrate) in similar

combination with cane sugar gave no increased swelling and no increased

growth-rates.
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From the above it is seen that the behavior of protoplasm as a
hydrophile emulsion colloid, as previously shown (Carnegie Institu-

tion Year Book for 1915, p. 66), may express itself in terms of normal
activity. We have here demonstrated, on material from which turgor

as a factor in growth is excluded, that the analogy between the behavior

of hydrophile emulsion colloids (such as gelatine) and protoplasm in

living condition in fact obtains, and that this behavior can express

itself directly in alterations in growth-rate. It must, however, be
noted that the concentrations are very low as compared with those

which produce measurable alterations in the imbibition capacity of

non-living emulsion colloids. Protoplasm is, however, a complex of

such colloids whose imbibition capacities are probably different among
themselves, and are at all events at present unknown.

ECOLOGY AND PHYTOGEOGRAPHY.
The R6le of Climatic Factors in determining the Distribution of Vegetation in the

United States, by Burton E. Livingston and Forrest Shreve.

A joint study of the distribution of climatic conditions and the dis-

tribution of vegetation has been in progress for eight years. The aim
has been to secure a basis upon which to enter into an examination
of the correlations between the distribution of climatic factors and of

plants, and to ascertain some of the climatic controls which are opera-

tive in limiting distributions of vegetation and of individual species.

Prior to the present year the progress of this work has consisted in

the collection and elaboration of data by both of the authors.

New modes of expression of climatic data, as related to plants, have
been devised, and are described in the Year Book for 1915. A new
subdivision of vegetational areas for the United States has been
worked out, as described on another page, and some new methods of

charting the relative dominance of different growth-forms of plants

have also been worked out in connection with this study.

During the present year the assembling of climatic and vegetational

data has been completed, the correlations which formed the object of

the work have been made, and the material has been brought to an
advanced stage of readiness for pubUcation.

Some 38 climatological features have been elaborated, chiefly from
the published observations of the United States Weather Bureau,
using from 134 stations in some cases to over 1,000 stations in others.

The number of features worked out for each of the major climatic

factors is as follows: Temperature, 12; precipitation, 7; evaporation, 4;

moisture ratios (ratio of precipitation to evaporation), 5; vapor-

pressure, 2; humidity, 3; wind, 1; sunshine, 1; moisture-temperature
indices (the moisture ratio times a temperature datum), 3.

One of the most carefully elaborated of the cUmatic features is the

length of the frostless season, which has been determined for 1,200
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stations, ranging in their conditions from the expectancy of frost on

any day in the year to the invariable absence of it. The annual means
have been secured for each of the major climatic factors and the annual

extremes for some of them, but in the great majority of cases the cli-

matic conditions have been determined for the growing season only.

This results in bringing into comparison the conditions of a very short

period in the northern parts of the United States and the conditions

of a long period in the southern States. Inasmuch as the activities

of vegetation are chiefly controlled by the conditions of the growing

season, the distribution of the climatic conditions of the year as a

whole are, therefore, of relatively small significance in an investigation

of this character.

Considerable attention has been given to the elaboration of moisture

ratios, owing to the significance of the relation which exists in all parts

of the country between the precipitation and the rate of evaporation.

The importance of this ratio has not only been demonstrated in experi-

mental work by both of the authors, but has been shown by Transeau

to be of importance in connection with distributional work. Moisture

ratios have been worked out for all of the evaporation data which
it is now possible to secure for the United States, and for the year as

well as the growing season.

Summations of temperature have been made by four methods, the

best of which is based upon Lehenbauer's work on the relation of tem-

perature to the growth of corn. Tliis "physiological summation" is

one in which the different degrees of temperature are given weight in

proportion to their influence upon growth. The older methods of

summation provide for the addition of all temperatures to form a single

total, without regard to the very different physiological effects of the

lower and higher temperatures which are added.

The temperature and moistm-e factors have, in general, been given

independent treatment, but an effort has been made in the moisture-

temperature indices to obtain a composite expression of the moisture

and temperature conditions of the various sections of the United States.

Three series of vegetational data have been secured for correlation

with the climatic conditions: (a) the distribution of distinctive types

of vegetation, or fonnations; (6) the cmnulative occurrence of selected

growth-forms, or anatomically sunilar plants; (c) the distribution of

selected individual species. Under the first heading nine leading types

of vegetation have been used: four areas of evergreen needle-leaved

(coniferous) forest, deciduous forest, grassland, the transition region

between the last two, and two types of desert. Under the second head-

ing several maps have been made which show the cumulative occur-

rence of all species of a given growth-form, or of the commonest ones.

These maps show, for example, in what part of the eastern United

States there may be found the largest number of species of deciduous
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trees, how this abundance shades off in all directions, and what are

the outermost limits of this group of trees. In another case the range

of buffalo grass is shown so as to indicate the region in which it is a

dominant element in the vegetation, the region in which it is frequent,

the region in which it is rare, and the lunit beyond which it is not

known to occur. Under the third heading have been secured the

geographical ranges of a number of trees, shrubs, grasses, and other

plants, selected to represent the different types of distribution common
in theUnited States—or, in the case of certain aquatics, selected because

of their independence of the moisture factors in distribution.

A total of 115 distributional areas were worked out under these

three headings and drawn on large-scale maps. Overlays were made
from these maps, and used in connection with climatological maps
drawn to the same scale and bearing the readings of all the stations.

Of the 38 climatological maps, 31 were used in this manner, and the

maximum and minimimi values of each factor were secured for each

of the vegetational areas, making a total of 3,565 sets of values. This

operation has yielded, in brief, a set of 31 climatic values for each of

the 115 vegetational areas. For each type of vegetation or for each
individual species it is possible to state the maximum and minimum
values of each temperature, moisture, humidity, or other factor

characterizing that area.

The data secured in this manner serve to show, for example, the

highest and the lowest minimimti temperatures recorded at any of the

stations in the grassland, or Great Plains, area; or to show the highest

and lowest rates of evaporation that have been found to occur in the

range of the sage-brush. These maximum and minimum values are,

in short, the particular intensities which seem to Hmit the occurrence

of the particular vegetation or plant under consideration, in so far as

such a geographical correlation may be taken in lieu of experimental

evidence. The maximum and minimum values will be presented in

tabular form, and the total range of conditions within the distribu-

tional areas will be shown in graphic form, so that it will be possible

to use either of our sets of basic data in extending this somewhat pre-

liminary investigation with respect to other climatic features and other

plants or vegetational areas.

Our results have also served to indicate which of the climatic features

are the most critical in determining particular cases of distribution.

This phase of the investigation has been prosecuted by a comparison
of the climatic and vegetational maps themselves, and by a search

for the coincidence of isoclimatic lines with distributional limits. In
this manner the moisture ratios have been found to show a close rela-

tion to the distribution of the leading plant formations of the United
States. While certain of the temperature features appear to be critical

in limiting the ranges of some of the individual species, the controls
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which hinit the great areas of forest, grassland, and desert appear to be
best expressed in the ratio of precipitation to evaporation.

A Map of the Vegetation of the United Statesfrom a Purely Vegetational

Standpoint, by Forrest Shreve.

A map showing the principal vegetational areas of the United States

has been in preparation for several years in connection with the work
on correlation of vegetation and clhnate which is described elsewhere.

Repeated revisions of the map have been made whenever further

materials were secured regarding it, and the latest of these has been
prepared for publication.

The aim of this map has been to distin^ish the various types of

vegetation in the United States solely upon the basis of the collective

physiological behavior and anatomical character of the dominant

plants concerned. No weight whatever has been given to floristic

relationships nor to any of the climatic, physiographic, and geological

factors which are known to influence the distribution of vegetation.

This departure from the method by which former maps of the plant

Ufe of the United States have been made has necessitated the use of

original sources of information throughout its preparation. The
importance of using purely vegetational data has resided in the fact

that the primary purpose of the map was to serve as a foundation for

correlations of the distribution of vegetation and the distribution of

climatic conditions.

The chief criterion by which the plant formations of the United

States have been distinguished is the character of the growth-forms

comprised in these formations. The differentiation of growth-forms

among plants is largely an expression of their adjustment to a particular

set of water- relations. The form, structure, and foliar organs of every

plant betray its water requirements, while no such visible criteria

indicate its temperature requirements. It is therefore impossible at

the present time to characterize large units of vegetation without

neglecting the temperature requirements of the plants, an extended

knowledge of which awaits further experimental work. It has been

impossible in the preparation of this map to escape these hmitations.

It has been found necessary, as a result of personal exploration, to

subdivide the desert portion of the United States. The regions in the

Great Basin and southern California are characterized almost solely

by microphyllous shrubs, while the deserts of Arizona, New Mexico,

and western Texas abound in succulent and semi-succulent plants.

The coastal portions of CaUfornia and of Texas are to be regarded as

semi-desert areas, differing widely from the continental areas just

mentioned. There is also a well-marked transition area between the

succulent deserts of Arizona, New Mexico, and Texas and the western
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edge of the grassland. All of these subdivisions of the desert are bio-

logically distinct and merit separation in vegetational work as much as

do the deciduous and the evergreen forests of the eastern States.

The Effect of Position upon the Temperature and Dry Weight of Joints of

Opuntia, by J. M. McGee.

The flattened joints of the platyopuntias were held in a vertical

position, either edgewise or lengthwise. Terminal mature joints of

Opuntia hlakeana were chosen to test the relation of the position with
respect to sun, to the body-temperature, and dry weight. The
separated joints were held apex downward by impalement upon the

bulb of a thermometer, which in turn was fastened with wooden
clamps in such manner that the two surfaces of the joint faced north

and south and it was said to be in an "equatorial" position. The
second lot faced east and west, one such double set being exposed

during March, a second during June, and a third during the latter half

of July. The chief results may be summarized as follows:

(1) Joints of Opuntia hlakeana in any position show temperatures

above the air-temperature while exposed to solar radiation.

(a) The temperatures of joints in an equatorial position rise steadily

till 12 m., then more slowly till 2 p. m. when the maximum is reached.

After 2 p. m. the temperatures steadily decline, becoming the same as

that of the air soon after sunset and then falling slightly below the air-

temperature and remaining so during the night.

(h) The temperatures of the joints in a meridional position rise

sharply after sunrise, reaching a maximum about 11a. m. They then

slowly drop until 12*" 30"° p. m., when they begin to rise again, reaching

the second and highest maximum point about 4 p. m., after which they

fall, at first slowly and then more abruptly, till sunset. After sunset

the temperatures slowly fall below the air-temperature, as in the case

of the other joints.

(c) Computation of the area inclosed by each curve, using the 10-

degree hne as a base, shows that on March 9, 1916, the number of

hour-degree units inclosed by the air-temperature curve was 134.6;

by the curve of the joints in an equatorial position 211.5 hour-degree

units; and by the curve of the joints in a meridional position 230.8

hour-degree units. Hence it will be seen that the temperature of the

joints in a north-and-south position exceeds that in an east-and-west

position by 19.3 hour-degree imits and the air-temperature by 96.2

hour-degree units and that in these joints the temperature effects

would be accentuated. Similar computations show that on June 2,

1916, the number of hour-degree units inclosed by the air tempera-

ture curve was 273.0; by the curve of the equatorial joints 328.8 hour-

degree units; and by the curve of the meridional joints 376.9 hour-

degree units. The meridional joints exceed the equatorial joints by
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48.1 hour-degree units of exposure, and the air-temperature by 103.9

hour-degree units.

(d) From the data just given, it will be seen that from sunrise to

sunset the number of hour-degree units inclosed by the temperature

curve for a June day is very much greater than the number for a

March day, and that the increase is greater in the case of the meridional

joints than in that of the equatorial joints. The numbers of hour-

degree units inclosed by the curves of the meridional joints for March
9 and for June 2, 1916, differ by 146.1 hour-degree units; the numbers
inclosed by the curves of the equatorial joints differ by 117.3 hour-

degree units; and the numbers inclosed by the cuves of the air-tem-

peratures differ by 138.4 hour-degree units.

(e) The loss of weight from February 28, 1916, to April 5, 1916, of

joints in a meridional position was 18.59 per cent, the loss of weight

of joints in an equatorial position was 16.30 per cent, and that of shaded

joints was 5.79 per cent, whereas the loss of weight from May 15 to

June 28, 1916, of joints in a meridional position was 24.70 per cent,

that of joints in an equatorial position was 26.23 per cent, and that of

shaded joints was 23.32 per cent. The dry weight of joints similar to

those used in these observations was 16.15 per cent on March 8, 1916,

and had increased to 17.70 per cent on April 5, an increase of 1.55 per

cent; whereas the dry weight of joints on May 17 was 29.37 per cent

and had increased to 36.38 per cent on July 10, 1916, an increase of

5.01 per cent.

(/) The maximum temperatures reached by joints growing under

natural conditions were found to be 53.0° C. on July 24, and 55.0° C. on

July 25, 1916. These temperatures are higher by several degrees than

those reported by Askenasy or Ursprung for succulent plants such as

Opuntia, and it is interesting to note that Pfeffer states that ''Prolonged

exposure to a temperature of from 45° C. to 46° C. kills most Phanero-

gams" (Pfeffer' s Plant Physiology, vol. 11, p. 226).

On the Relation between the Rate of Root-Growth and the Oxygen of the Soil,

by W. A. Cannon.

It is now known that the perennials of the Tucson region associated

in the same habitat, or growing under apparently similar conditions,

may be subject to an environment which in many particulars is unlike.

This follows from possible differences in root-habits. Thus, the cacti

have roots lying within a few centimeters of the surface of the soil,

while Prosopis, for example, forms roots which may reach to com-
paratively great depths. Among the environmental differences to

which such widely different root-types are exposed are those of soil-

moisture, soil-temperature, and aeration.

A study of the response of the leading types of root-systems to the

environmental factors of the soil has been made with the object of
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estimating their influence as determinants of the root-system types

themselves. It is beheved that such unHke root development is not

directly due to differences in the soils or variation in the soil-moisture

as the various root-types may be developed in soils that are uniform
and suitably moist throughout. It is concluded, however, that the

widely different root-types are in the main the direct response of the

roots to temperature, and to a less degree perhaps to the variation in

the composition of the soil-atmosphere wliich is associated with

differences in depth. To test the latter hjrpothesis, experiments have
been carried out on the roots of Opuntia and Prosopis, in which they

were exposed, at known soil-temperatures, to atmospheres of known
but different composition. The atmospheres used were composed of

pure carbon dioxide, or of carbon dioxide to which atmospheric air

had been added in known amounts.

The experunents showed that the composition of the soil-atmosphere,

as well as the length of the exposure, were alike important. Exposure
of both Prosopis and Opuntia for a period of 15 minutes to pure car-

bon dioxide did not alter the growth-rate as observed hourly. An
exposure of the roots of both species to pure carbon dioxide to periods

over 30 minutes, however, inhibited growth during the time of the

exposure. Exposures were made up to 3 hours. Growth of the roots

was renewed soonest after the shortest exposures, sooner in Prosopis

than in Opuntia, and sooner in both species at high than at low soil-

temperatures. In general, a longer time was required to bring about
cessation of growth in the atmospheres with an admixture of air than
in oxygen-free atmospheres, and recovery was soonest in atmospheres

most rich in oxygen. Also, the roots of Prosopis recovered their usual

growth-rate sooner than did those of Opuntia. It would appear,

therefore, from the experiments, that the response of the roots of

Opuntia to a diminished oxygen-supply of the soil is such as would
tend to prevent deep penetration, and thus to support the effects of the

relatively high temperature characteristic of the upper soil-layers in

bringing about the formation of a superficial type of root-system.

On the other hand, the reaction of the roots of Prosopis to a diminished

oxygen-supply in the soil-atmosphere indicates that poor aeration, or a

comparatively small proportion of oxygen in the soil, does not operate

as a factor limiting the penetration of the roots of the species.

Rate of Root-Growth of Covillea tridentata in relation to the Temperature of the

Soil, by W. A. Cannon.

It has already been shown (Carnegie Institution Year Book for

1914, p. 93), that there appears to be a causal relation between the depth

of root penetration in Prosopis velutina, Fouquieria spendens, and
Opuntia versicolor and the response of the roots of these species (as

shown by the rate of growth) to the temperature of the soil. It will be
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suggested in this place that similar relation is probably to be found in

Covillea tridentata, the depth of penetration of the roots of which is

fairly intermediate between that of the roots of Prosopis and of the

other two species mentioned.

The roots of Prosopis have a comparatively rapid growth-rate and
those of Opuntia a comparatively slow growth-rate at relatively low

soil-temperatures. For example, at soil-temperatures ranging between
12° and 19° C, in 72 hours the root of a young Prosopis increased 22.5

mm. in length, while a root of a young Opuntia grew only 6 mm.
under the same conditions. Relatively low soil-temperatures, there-

fore, do not constitute a factor limiting root-penetration in Prosopis,

while they do in Opuntia. A study of the reaction of the roots of

Covillea to soil-temperatures shows that the root-temperature relation

in this fonn is unlike that in either of the other species mentioned.

The rate of growth of the roots of Covillea tridentata is relatively slow

at all soil-temperatures, particularly at those that are comparatively

low. Thus, at soil-temperatures between 15° and 20° C, the average

rate of root-growth in young plants is about 0.12 imn. hourly; between
20° and 25° C. it is about 0.16 mm. an hour; between 25° and 30° C,
the hourly rate is about 0.31, and between 30° and 35° C. it is approxi-

mately 1.6 nrni. It appears, therefore, that at parallel soil-tempera-

tures the growth-rate of the roots of Covillea is intermediate between

that of the roots of Prosopis on the one hand and of Opuntia on the

other. It is therefore probable that in the case of Covillea, low soil-

temperatures do constitute a factor which limits the penetration of

the roots.

Root-Growth of Introduced Desert Plants at Carmel, by TV. A. Cannon.

Species native to the daya region of Algeria, the Mohave Desert of

CaUfornia, and the vicinity of the Desert Laboratory in southern

Arizona have been growing in the experimental plots at the Coastal

Laboratory from one to five years for the purpose of placing under

observation the effects of the cool, equable chmate of Carmel on their

growth, especially on the growth and development of the roots. The
plants studied in this connection consisted of Opuntia basilaris and 0.

ramosissima from the Mohave, 0. versicolor and Prosopis velutina from

Tucson, and Pistacia atlantica from Algeria.

The three regions from which the species came may be characterized

as warm temperate with rain in winter only (Mohave and Algeria),

or rain both in winter and in summer (Tucson) . Such climatic condi-

tions are to be contrasted with the fairly humid climate of Carmel,

with relatively little difference in air-temperature between summer and

winter and with rains in winter only. In the regions with winter

rains the growing-season is in late winter or early spring, when the
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soil is relatively cold, but at Tucson it is in midsummer as well. In the

latter region, in fact, the season of most active root-growth is in sum-
mer, when the soil is relatively warm as well as moist. Whether any
species characteristic of either of these regions will grow in the other

regions depends largely, therefore, on the temperature of the soil at

the time it is suitably moist, since an appropriate soil-temperature is

a condition indispensable to an effective rate of growth of roots.

The following summary gives the maximum and minimum tempera-

tures of the soil at the Coastal Laboratory for the summer in 1916 and
for the depths indicated:

Depths.
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penetrated to a depth of about 80 cm., and in the following August a

depth of 1 meter was attained. The shoots were approximately 6.5

cm. in length a year after the seed was sown.

The results observed in the outdoor cultures, therefore, confirm the

results of laboratory experimentation. Numerous tests have indicated

that the roots of cacti from the Tucson region and from the Mohave
grow comparatively slowly at soil temperatures below 20° C. The
factor limiting root-penetration in these forms at the Coastal Labora-

tory, consequently, is the relatively low soil-temperature that obtains

at that place. On the other hand, it has been seen in many experiments

that the roots of Prosopis have an effective rate of growth at tempera-

tures under 20° C, although the optimum, as in the case of the cacti,

is much above this. The soil-temperature at depths thus far studied

is well above the minimum for root-growth of Prosopis. We find,

accordingly, that the roots of this species penetrate the soil at Carmel

relatively deeply.

From the observed behavior of the roots of Pistacia at Carmel it is

concluded that the temperature reponse of the roots of the species is

similar to that of the roots of Prosopis. Thus, it is because the roots

of Pistacia have a fairly active growth-rate at relatively low soil-

temperatures that in their proper habitat they penetrate to the soil

horizon carrying moisture throughout the year. The characteristic

temperature reaction of the roots of Pistacia, therefore, constitutes a

vitally important adjustment of the species to its difficult environment.

Relation of Sail Aeration to Plant-Growth, by B. E. Livingston and E. E. Free.

In this report for 1915 announcement was made of experiments on

the amount of oxygen necessary for the roots of Coleus growing in soil.^

These experiments have been continued with an improved and simpli-

fied technique and tests have been made also of heliotrope {Heliotro-

pium peruvianum), oleander {Nerium oleander), and swamp willow

(Salix sp.). Heliotrope is found to resemble Coleus in requiring the

maintenance of a certain oxygen-content in the air of the soil. The
roots of oleander also require oxygen, but appear to need much less of

it than do the roots of Coleus and heliotrope. Also the injury produced

by entire deprivation from oxygen is much less quickly developed. The
roots of the swamp willow appear to be unaffected by oxygen depriva-

tion. Plants grown in soil the atmosphere of which contained no

oxygen showed normal behavior and growth over periods as long as 10

weeks. It appears that plants of different species may differ widely as

to the oxygen required by their roots. Together with the work of

Cannon, reported in preceding paragraphs of this report, this indi-

cates that soil aeration is probably a much more important ecological

factor than has been suspected.

'Carnegie Inst. Wash. V<\'ir Rook for 191.'"). pp. fi()-f)l.
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Osmotic Concentration of the Tissue Fluids of Desert Plants, by J. Arthur Harris.

The studies on the relationship between the physico-chemical proper-

ties of the sap of desert plants and their local distribution, carried

out in the vicinity of the Desert Laboratory and briefly mentioned

in a preceding report (Carnegie Inst. Wash. Year Book for 1915,

p. 81), have recently been published (Physiological Researches, vol. 11,

pp. 1-50, 1916). These studies were made in the period of winter

vegetative activity in 1914. During the summer of 1916 Dr. Harris,

assisted by Mr. William G. Learaon, devoted the months of July and
August to the investigation of the sap properties of the annuals and
perennials active during the summer. A series of about 300 deter-

minations of osmotic concentration was made, based upon collections

from habitats ranging from Mount Lemmon, in the Santa Catalina

Mountains, phytogeographically studied by Shreve (Carnegie Inst.

Wash. Pub. No. 217), to the Desert Laboratory domain and immediate
vicinity, where a large part of the field physiological investigations

published from this Laboratory have been carried out. In view of the

differences already demonstrated in the osmotic concentration of the

sap of plant species of different habitats, a comparison of the vegeta-

tions from selected points in such a gradient as that from the driest

mesa and the most highly developed salt spots of the desert floor to the

densely forested slopes of the higher Santa Catalinas has many obvious

points of interest, both physiological and phytogeographic.

For comparison with these studies on the southwestern deserts, a

series of determinations have been made from other similar as well

as highly dissimilar enviromnents. Papers on the coastal deserts of

Jamaica and on the rain forests of the Blue Mountains of Jamaica,

concerning which a pubhcation has already appeared,^ will be ready

shortly. Extensive observations on the vegetation of subtropical

Florida and on the mesophytic environments of the Station for Experi-

mental Evolution, in collaboration with which three studies are being

made, are also under way.

Osmotic Properties of Tissue Fluids of Parasitic Plants, by J. Arthur Harris.

In an early pubhcation from the Laboratory appearing in the

Institution series (MacDougal and Cannon, Carnegie Inst. Wash. Pub.

129) the suggestion was made (as the result of experimental studies)

that a necessary condition of artificial parasitism is a higher osmotic

concentration of the fluids of the plant species used as parasite.

Harris and Lawrence have carried out an extensive investigation of

the problem on Loranthaceous parasites in the Jamaican rain forests,

and in a paper now in press have shown that in the case of plants

growing under these conditions the parasite is generally but not

'Shreve, A Montane Rain Forest, Carnegie Inst. Wash. Pub. 199.
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invariably characterized by a higher osmotic concentration of its

fluids. They also show that on theoretical grounds higher osmotic

pressure of the tissue fluids is not a necessary prerequisite of successful

parasitism in the case of a species living under natural conditions.

A substantial beginning has also been made by Messrs. Harris,

Lawrence, and Leamon in the study of the sap properties of desert

Loranthacese.

GENETICS AND TAXONOMY.

Experimental Evolution in a Desert Habitat, by W. L. Tower.

The rebuilding operations begun in 1915 did not, as feared, produce

loss in or interruption of any experiments in progress at Tucson. The
mortality in hibernation was the lowest it has ever been, wliile the

progress of the cultures during the breeding season has been highly

satisfactory.

Unexpected uniformity of the physical environment in the different

cages and of the progress of the cultures is given by the new arrange-

ments, so that the entire series can now be started and come to the

close of the first summer generation, all at the same time, thus facihtat-

ing the task of checking, recording, and arranging for the next genera-

tion. In past years different cultures varied from one to four weeks in

their emergence from hibernation and in maturity, a fact which

greatly complicated the work.

EXPERIMENTAL EQUIPMENT AT TUCSON.

The rebuilding of the entire plant, begun in 1915, was continued this

year. A food-cage absolutely proof against contamination and of a

capacity large enough to supply all the food needed has been erected,

and as a result we had the novel experience of having a surplus of

food throughout the year. The grading about the entire establish-

ment has been completed and the top finished by a layer of 4 to 6

inches of fine crushed-stone screenings. Improved instrument shelters

of substantial construction have also been erected. These improve-

ments greatly reduce the cost of maintenance and also of operation.

The time consumed in irrigation, food production, and control has

been decreased to about one-fourth the expenditure in 1914, while the

effectiveness of the plant is greatly increased.

INTRODUCED SPECIES OF LEPTINOTARSA.

The largest and longest-continued culture of any pure type are those

of Leptinotarsa decemlineata, which came from stocks of known
composition and reactions hving in the mesophytic conditions at

Chicago. Successive introductions into the Tucson conditions from

the same Chicago stock all show the same progress and changes. These
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cultures which have been introduced at Tucson are in their fourth,

tenth, twelfth, and eighteenth generations, and all show the same
uniform progressive change in their water-retaining capacity during

hibernation. In no instance has it been possible to reverse this change
by returning the stocks from Tucson to Chicago. Accompanying this

change are behavior changes, especially to desiccation, and in rates of

reaction to stimuli changes not observed in their early stages and only

seen after considerable alteration had taken place. In that there is a

wide range in any culture of these behavior changes it seems probable

that the alteration is a gradual one, but this must be checked by close

observation of future introductions.

Morphological changes in pattern, color, and size continue as noted

in previous reports, and most notable are the reductions of portions of

the elytral pattern and of the ventral surface. These changes are

genetic, as shown by test crossings with the basic stocks, and behave as

Mendelian recessives and have not regressed to the original condition

by living at Chicago for two to four generations.

These alterations are of the order observ^ed in ecological varieties

in nature or in varietal states under domestication. The genetic

behavior is also the same, due to "losses," thus giving "recessives" in

crosses with the nonnal. This, while true of the morphological changes,

is the opposite in the observed physiological alterations, i. e., water-

relation, altered behavior, which are "dominants."

MUTATING STEM STOCKS.

Two chief series of these are now carried at Tucson—one C. H. 156.8,

a synthetic product of three species, L. dece7nlmeata , oblongata, multi-

tceniata; the other, C. H. 15.7, a compound of L. decemlineata and
multitceniata. The manner of production has been recorded in pre-

ceding reports.

In the past year the stem stocks which were not subjected to experi-

ment continued to breed tine with httle variabilit}^ In the C. II.

156.8 series only slight mutations have been produced thus far, and
they are aU in the elytral pattern and are of an order unknown in the

parent species.

The mutating lines of the C. H. 15.7 series continued their behavior

in this respect during the year. The mutants in this series are of two
types: (1) recombinations of characters from the original parents, and

(2) alterations of these. Of the first no new types were discovered

during the year and apparently the possible array has been exhibited.

More than 20 of these recombination types have been observed and

are being tested out in the laboratory at Chicago. Two or three years

more will be requhed for completion.

One interesting fact was demonstrated in the year, namely, that some

of the mutants mutated, either regressively, towards the stem stock.



82 CARNEGIE INSTITUTION OF AVASHINGTON.

but not thereto, and also progressively away from the stem form, the

two kinds being about equal in frequency. As far as tested, these

secondary mutations are stable and homozygous.
The point of most interest in this series in the year is the increasing

evidence that mutability is not a hybrid splitting. Crosses of mutating
and non-mutating lines show that in Fi mutation is a recessive, segre-

gating in F2 with nonnal non-mutating as the dominant. The results

of F2, F3, and F4 in this series will, it is hoped, throw much light upon
the mutation phenomena in these cultures.

ECOLOGICAL ADJUSTMENTS.

As the result of accompanying changed ecological or environmental

conditions in the cultures at Tucson, necessary adjustments of the

cultures to the nev/ habitat were made or the culture failed.

These reactions are, in our experience, of brief duration, occupying

one or two or at most ten generations, and are final; that is, the newly
introduced form either can or can not adjust itself to the desert habitat,

a decision made in the shortest possible time. Thus far, only savannah
and mesophytic habitat species have survived at Tucson, while all

rain-forest, monsoon-forest, and moist-habitat types in general have
failed. In these the Imiiting factor is water-loss, but the critical stage

varies with the species, i. e., L. panamensis egg and first larval stages;

L. undecimlineata in hibernation; L. diversa in pupation and in hiberna-

tion; L. signalicollis in hibernation.

In species that do meet the change adjustment has been a graduated,

continuous, though often a rapid, reaction, and not a jump to the

full accommodation. In the earlier generations only a few pass the

critical stage, and these often with difficulty; but the descendants of

those that do pass through show increasing adjustment to the new
conditions until in some of our older cultures, now in Fic to Fig, the

adjustment is complete as far as discoverable.

Thus far I can discover no evidence that this result is the product of

an environmental selection of pure lines, and therefore a selection result;

but it is due, as far as I can discover, to accidental positions or circum-

stances such that the surviving members, while intensely acted upon,

did not receive the action of the environmental force to the extent that

would eliminate them. Many accidents of time, of position, and of

environmental and ontogenetic progression would give opportunity

for exactly this effect.

The most conclusive and impressive experience which comes from
these cultures is that accommodation or adaptation is environmentally

directed and limited, and not produced internally in the organism.

The "adaptation" is therefore in certain ways molded by and fitted to

the environment, and not offered to the environment for selection by
internal and orthogenetic forces.
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EVOLUTIONARY MOVEMENTS.

Of the many activities of evolutionary import in these cultures at

Tucson, which duphcate as nearly as possible conditions of evolution

in nature, the chief and impressive result is that of a gradual continuous

change in the population in the direction forced by the habitat, result-

ing in alterations, with habitudinal adjustment or adaptation. These
changes in function and structure, some additions, others losses,

produce gradually altered aspects and behavior of the population, are

genetic and not somatic, and not reversible, as far as experience goes.

Mutations also occur as the product of complex hybrid constitution,

of sharp incident external forces, and there may well be other methods
of origin of many mutant types, which may and do become progeni-

tors of specific isolated groups. Populations, apparently, do not change

suddenly, but rather by slow accommodation to changed conditions.

Transmission or Recurrence of Environic Effects in Phytolacca, hy

Francis E. Lloyd.

The progeny (Fi) resulting from seeds developed by abnormal green

fruits of the "Tucson plant No. 1," which were reported upon while

they were still young last year, have now come to maturity, and have
produced inflorescences. These, though arrested by the climatic con-

ditions, developed far enough during the present season to show that

they are quite normal. The condition under examination, therefore,

appears not to be inherited.

Plants (of lot No. 131) originating at Carmel, and normal as to

structure of floral parts, were grown in Tucson and there produced

abnormal inflorescences (see Year Book, 1915). An individual known
to have behaved thus in 1915 was returned to its original habitat at

Carmel in December 1915. It was gro\\ii under glass and produced

three shoots. One of these bore nonnal flowers and accompanying
structures, while the other two bore abnormal inflorescences.

It is recalled that this abnormal condition was first shown b}^ the

"Tucson plant No. 1," grown in Tucson in 1913 by Dr. MacDougal.
The coincident occurrence of insect galls on this plant in 1914 suggested

the possibility of insect origin in explanation of all the abnormalities

observed. A shoot of this plant, protected against the approach of

insects during 1915 by a suitable screen, continued to produce

abnormal inflorescenses, but no galls. The two phenomena appear,

therefore, to be of separate origin, while the possible inheritability of

the abnonnality appears to be negatived.

Experimental Cultures of Oenothera, by R. R. Gates.

The seeds for all experiments were counted and then placed in

phials in water under a bell-jar and the air exhausted. In this way
much air was removed from the seed-coats, but this method was not

entirely satisfactory, since many of the seeds continued to float.
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The seeds were then germinated between blotters at constant temper-

ature by iNIiss Anne M. Lutz in the United States seed laboratory at

Berkeley, CaUfornia. In this way the percentage of germination was
obtained in all cases. It varied all the way from to 100 per cent.

The seedlings were then planted in flats and the ungerminated seeds

examined for embryos. The results show that, except in a few cases,

no conclusions can be drawn from a knowledge of the percentage of

gennination and the number of empty seeds. There are also certain

sources of error. For example, the seeds sometimes vary in size so

enormously that it is difficult to detennine whether the smallest should

be counted as seeds.

Among the plants grown this year were wild .species from California,

North Dakota, Nova Scotia, and elsewhere, whose characters and
variability were studied. A form belonging to Oenothera hooker i was
represented by 11 cultures, each from a capsule of seeds from a different

individual, collected in 1915 from the large population of Oenotheras at

Lake jMerced, near San Francisco. The percentage of germination in

these 11 cultures varied from 19.5 per cent to 100 per cent, and the

percentage of empty or nearly empty seeds from 54.6 per cent to 0.

The culture (No. 64) in which all seeds germinated contained originally

66 seedhngs, but of these only 26 survived until they were planted

out in May. The remainder died during the interval from January to

May, when they were kept in a greenhouse without artificial heat.

When the rosettes of the survivors developed, 20 were found to be of

the ordinary broad-leafed type and 6 were very narrow, linear-leafed

dwarfs. The original seeds were nearly all large and plump. It is

probable that those wliich died contained at least as many dwarfs as

the survivors, and some of the dwarfs at least must therefore have

come from large, plump seeds.

The main results of these Oe. hookeri cultures were as follows: 9 of

the 11 famiUes were relatively unifonn, while 2 produced markedly

aberrant mutant types. One of the latter families was mentioned

above; the other (No. 63) contained 63 plants, representing 4 rather

well-marked types. Type (1) was the normal broad-leafed rosette

(37 plants) ; tj^ie (2) the linear-leafed dwarf found also in culture No.

64 (5 plants); type (3) narrow-leafed and clearlj^ marked (13 plants);

type (4) rather narrow-leafed, paler green, smaller and more compact
rosettes, these shading into the broad-leafed condition (8 plants).

The appearance of these strikingly aberrant types, many of which have

since come into bloom, in Oe. hookeri, was all the more unexpected, as

my previous cultures of this species had proved very unifonn. Some
of the remaining families contained plants, all of the broad-leafed type

above mentioned, although they mmibered hundreds of individuals.

This shows that individuals which were extei'nally alike may breed

true or may produce a large percentage of aberrants. The remaining

families, although by no means unifonn in all their characters, were in
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some cases constantly different from each other m such features as

depth of green in the foHage and predominatingly red or green midribs.

These experiments throw an interesting light on the amount of diver-

sity which may be found by growing the offspring of different indi-

viduals of a species occupying the same locahty.

Another experiment yielding results of considerable interest is a

series of F3 families from Oe. ruhricalyx X biennis and the reciprocal.

They are for the most part essentially uniform in foliage and pigmenta-

tion, having the red buds of ruhricalyx and fohage intennediate in

character but nearer the ruhricalyx parent. The inheritance of the

difference in flower-size, between ruhricalyx having large flowers

(petals about 40 mm. in length) and hiennis having small flowers

(petals about 20 mm. in length), is very striking. There is (1) segrega-

tion in flower-size between different individuals. In the majority

the length of petals is near 25, 30, or 35 mm. ; but in certain plants they

are as small as in biennis or (more rarely) as large as in ruhricalyx.

Occasionally they far overstep the size of the smaller parent and plants

have been found whose petals were all as small as 10 to 12 mm. in

length. In addition to this type of segregation there is often (2)

striking segregation of flower-size in the same plant. For example,

the average length of petals in 9 flowers blooming on the main stem
during a period of 8 days was respectively 30, 20.75, 17.75, 31, 15.25,

15, 19.25, 28.5, and 31 mm. Furthermore (3) in some cases there is

striking segregation, if such it may be called, in the length of petals of

the same flower. In rare cases the longest petals of a flower may be

twice the length of the shortest. In one extreme case the lengths were
respectively 18, 20, 15, and 12 mm. Usually, however, the differ-

ence in length of the petals of a flower is less. When it is large it is

frequently accompanied by irregularities in the shape or in the color

development of certain petals. It is rather surprising to find somatic

segregation occurring on such a large scale.

One other result which may be mentioned is the Fi hj^drid Oe.

heivettii X ruhricalyx. Oe. hewettii is a relative of Oe. hookeri described

by Cockerell from Colorado. The parent strain used in the cross had
red stems and green buds, while Oe. ruhricalyx has red buds and more
green stems. There are many other differences, such as width of leaf

and character of pubescence. The Fi hybrid is essentially intermediate

in all its characters but two, the red buds of ruhricalyx and the heavy
pubescence of heivettii being dominant.

Relationships and Distrihuiion of the Cadacece, by A^. L. Britton and J. N. Rose.

The taxonomic investigation of the cactus family (by Dr. J. N. Rose
and Dr. N. L. Britton) has proceeded uninterruptedly during the

year and much progress has been made. The work has been mostly

in the greenhouses, museums, and herbaria at New York and Wash-
ington, in the preparation of manuscript and of illustrations for the
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monograph. Dr. Britton carried out field investigations on the Isle of

Pines and in northern Cuba during the early part of the year, and Dr.

Rose intends to visit the northern coast of Venezuela in the autumn.
The first volume of the monograph will include descriptions and

illustrations of the two tribes Pereskiea) and Opuntiese. It is expected

that the second volume, the Cerea3, will include descrii)tions and illus-

trations of the two subtribes Cereanse and HylocereaniB ; the third is

designed to include the thi'ee subtribes, Echinocereanse, Echinocactanse,

and Cactanse, while the fourth will probably comprise the three sub-

tribes CorjTDhanthanai, Epiphyllanse, and Rhipsalidana?. Manuscript
and illustrations for all the volumes are largely prepared.

If expeditions to Venezuela and to Paraguay, southern Brazil, and
northern Argentina are successfully carried out, the only extensive

cactus region little known to us will be that of Ecuador.

Improvement of Guayule, the Desert Rubber Plant, by W. B. MacCallum.

Much of the interest in the desert rubber plant, Parthenium argen-

latum, has centered at the Desert Laboratory since the pubhcation by
the Institution of Professor F. E. Lloyd's book on this wild plant.

The volume in question,^ Guayule : A Rubber Plant of the Chihuahuan
Desert, embodies the results of an organized attempt to bring under

cultivation a hitherto feral desert plant, together with an extensive

ecological study of the same under normal and cultural conditions.

Careful consideration is given to the question of rate of growth and
reproduction of the guayule in its native habitat, and a large body
of pertinent data is given. The various conditions of climate, soil,

vegetational environment, and parasitism affecting the plant are pre-

sented in this connection. The life-history, habit, and anatomical and
histological structure of the wild and cultivated forms are minutely

described and compared, in order to secure exact knowledge concerning

the relation between growth and the rate of rubber secretion.

The wild shnibs are collected in great quantities in Mexico and the

rubber, which grades much lower than Para, is extracted by such

simple processes as to make it a very profitable operation. The task

of developing methods of cultivation has now been successfully accom-
pHshed by Dr. W. B. MacCallum and in making a genetic analysis

of the plant he has established the fact that it includes a large number
of elementary species which do not readily interbreed.

The company under whose auspices the experiments in cultivation

were carried out has purchased 7,000 acres near Tucson, and guayule

is now being established on this land. This effort is notable in that it

is a successful attempt to bring a wild plant under profitable cultiva-

tion, and that it is the only rubber-producing plant within the borders

of the United States.

'Carnegie Inst. Wash. Pub. No. VAO, viii4-213 pp., 46 pis., 20 figs.
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EREMOGRAPHY.
7'he First Stage in the Recession of Salton Sea, by D. T. MacDougal.

The studies on the recession phenomena of the Salton Sea have been
carried on continuously since 1906. About half of the original depth
of 84 feet has been lost by the balance of evaporation and seepage over

inflow and underflow. The rate of fall of the level of the water has
been reduced from over 50 inches yearly to less than 40. The loss

from January to April was less than the amount received from rains

and from overflow of irrigation systems during the winter of 1915-16,

so that the lake has now altered from a constantly falUng level to an
oscillating level. This and the fact that the emerging beaches are

now occupied by halophytic or salt plants only are used as criteria to

mark the end of the first stage of the recession.

The reduction of the total body of water from an original total of

about 3 or 4 cubic miles to half that amount has been accompanied
by a concentration of salts dissolved from about 0.33 per cent to 1.6 per

cent. The variations in the principal constituents during the last three

years are given below:
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The total number of species now occupying the island is probably as

great as when it was a desert hill. It is to be noted that 460 of the 470

individuals on the island are salt plants, and that one of the pioneers,

Baccharis, has already been lost.

Composition of Salion Sea Water, June 10, 1916, by A. E. Vinson.

The annual sample of the water of Salton Sea was taken June 10,

191G, over deep water off Salton Station. The results of the analysis

are given in the following table:

Composition of Salton Sea Water, June 10, 1916 {in parts per 100,000).

Total solids (at 110° C.) 1,047.2

Water of occlusion and hydration ... 47.5
Sodium 528.9
Potassium 5.71

Calcium 29.85

Majinesium 27 . 17

Aluminum 034

Iron 060

Carbonic, COj (total) 11 .40

Bicarbonic, HCOs (volumetric) 16. 10

Silicic, SiO* 1.21

Phosphoric PO4 doubtful trace

Boric acid trace

Oxygen consumed . 170

Nitric None
Nitrous Trace

From June 8, 1915, until June 10, 1916, the total solids in the Salton

water have increased from 1,337.4 parts per 100,000 to 1,647.2 parts

per 100,000, equivalent to a concentration of 19.6 per cent. This

is the greatest annual concentration noted, except the concentration

from June 8, 1909, till May 22, 1910, which was 21 per cent. Aside from

the concentration of the solids collectively, there is little requiring dis-

cussion at this place. Mention, however, should be made of phosphoric

acid. In the early annual analyses of the series weighable amounts of

yellow precipitate were obtained. For several years the phosphoric-

acid test remained positive, the test being made by scratching the

sides of the beaker with a stirring-rod, but at this time no unmistak-

able reaction can be obtained from 3 liters of water. Phosphoric acid,

therefore, has been reported as a doubtful trace.

Climatic Investigations, by Ellsworth Huntington.

During the past year two important steps have been taken in the

study of clunatic changes. In the first place, the work begun in 1903

by the Pumpelly expedition to Transcaspia and described in pubhca-

tions Nos. 26^ and 73^ together with later investigations in the western

hemisphere, as described in PubUcation No. 192^ has now been summed
up in a volume entitled "Civilization and Chmate." This not only

gives a resume of the entire problem of climatic changes during

historic times, but adds hitherto unpubhshed data derived from last

year's work in the Mohave region. It also considers the effect of

various conditions of climate and weather upon human energy.

iPumpelly, R., Ellsworth Huntington, et al. Explorations in Turkestan, with an account of

the Basin of Eastern Persia and Sistan. Expedition of 1903. Carnegie Inst. Wash. Pub. No. 126.

^Pumpelly, R., Ellsworth Huntington, et al. Explorations in Turkestan, Expedition of 1904.

Carnegie Inst. Wash. Pub. No. 73.

'Huntington, Ellsworth et al. The Climatic Factor, as illustrated in Arid America. Carnegie

Inst. Wash. Pub. No. 192.
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During the past few years the daily work of some 15,000 students and
factory operatives has been tabulated. The results lead to the con-

clusion that human energy is more closely dependent upon climate than
has hitherto been supposed. It also appears that to-day civilization

and cUmatic energy bear a surprisingly intimate relation. Further-
more, the final analysis of the evidence obtained last year in the
Mohave Desert leads more strongly than ever to the conclusion that

the climate of the past has been extremely variable and that the
variation has consisted essentially of changes in the distribution and
number of cyclonic storms. Thus there is reason to think that in the
past civilization and climatic energy were as closely associated as now.
The second important step in the study of climate during the past

year arose in part from the work in the Mohave Desert during 1915
and in part from the suggestive writings of M. A. Veeder. In the

Mohave work the wonderful series of salt lakes and dry basins from
Owens Lake to Death Valley emphasized the conclusion set forth in

Publication 192, that changes of climate not only are more important
and more rapid than has hitherto been supposed, but that there is no
break between small variations visible within a single lifetime and the
great variations of the glacial period. In other words, there seems to

be growing evidence that a study of present climatic variations fur-

nishes the key to those of the past.

The other conclusion from the lakes of the Mohave Desert was that

variations in the strength of the wind have been one of the most
important factors in producing cUmatic changes. As far back as 1888

Veeder suggested that changes in electrical activity of the sun from day
to day, as evidenced in the variations of sun-spots, give rise to varia-

tions in barometric pressure and thus in winds and rains. This
hypothesis in connection with the huge beaches which seem to have
been formed in former times by the action of phenomenally strong

winds around Owens Lake, for example, led Dr. Huntington to under-
take a mathematical analysis of the relation between sun-spots and
barometric pressure. Instead of using the actual sun-spot numbers, as

has been the almost universal custom, the change in spottedness for

each day was computed. A new method was likewise employed to

compute the barometric pressure. The problem was to determine the

strength of the wind-producing forces. Therefore, instead of using

extremes or averages, as is commonly the case, an actual count was
made of the number of isobars crossing every fifth degree of latitude

and every tenth degree of longitude.

Both the solar and terrestrial data have been computed for each
day for seven years. The two sets of figures have been compared by a

method of correlation coefficients. Since the day and month are the

units instead of the month and year as in most investigations, a period

of seven years gives results of comparatively high accuracy. There
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appears to be an unmistakable relation between changes in the solar

and terrestrial atmospheres. The probability of this conclusion is

increased by the fact that when the terrestrial area includes not

merely the United States, but also the Atlantic Ocean and Europe, the

evidence of a relationship becomes much stronger.

Inasmuch as the terrestrial response follows the solar phenomena
with a delay of no more than a day or two, the actuating cause can

scarcely be heat. It would require far more than a day for a change

in solar heat to warm the earth's surface and thereby wami the

atmosphere enough to cause pronounced barometric rearrangements.

Accordingly there seems ground for believing that Veeder's hitherto

neglected hypothesis may be correct. According to that hypothesis

cyclonic storms and other periodic barometric variations of the earth's

atmosphere are not due to heat alone, but are the coordinate effects

of solar heat plus solar electricity. Whether electricity or some other

form of energy is the dominating cause is not yet evident, but it seems
highly probable that some great factor has thus far escaped attention.

If this view is correct it will demand an important reorganization of

our theories of meteorology and of chmatic changes throughout his-

torical and geological times. The matter is so complex that it requires

investigation on a scale far larger than has thus far been possible.

An Ancient Lake Basin on the Mohave River, hij E. E. Free.

The Mohave River rises in the San Bernardino Mountain Range, on
the southern border of the Mohave Desert, and flows northeastward

across this desert to the "sink" of Soda Lake, where its waters now
suffer final evaporation. In an earlier period the river was more vig-

orous and flowed through Soda Lake northward to a junction with the

Amargosa River and thence to Death Valley.^ A recent examination

of Soda Lake and of the divide which marks its northern limit has con-

firmed these conclusions, but indicates that the amount of the overflow

discharged by the river into Death Valley was surprisingly small.

The Soda Lake basin is really double, containing not only Soda Lake
proper, but also Silver Lake, 10 miles to the north. Both of these

"lakes " are playas of usual character. The drainage line beween them
is still open and at times of extreme flood Silver Lake is still reached by
the waters of the Mohave. Just north of the Silver Lake playa is the

divide which now truncates the river. It is a narrow ridge of rock in

place and is apparently quite ancient geologically, being far earlier

than the period of greater river activity which we are considering.

The lowest point of this divide is 32 feet above the present surface of

the Silver Lake playa, and that this lowest point determined the

overflow of a lake which formerly covered both Soda Lake and Silver

Lake is proved by a well-marked beach terrace surrounding the basin

at this same elevation. There is also one lower terrace which is

^See Huntington, Carnegie Inst. Wash. Year Book for 1915, p. 26.
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distinctly marked, and there are doubtful signs of several intermediate

and lower ones. Doubtless these were produced by temporary pauses

in the recession of the lake.

The channel of the ancient overflow over the Silver Lake divide is

clearly marked in the alluvium north of the divide, but is small. In

places it is less than 20 feet wide and only 8 to 12 feet deep. Since it is

cut in poorly consolidated alluvium and since its grade is ample for

extensive alluvial cutting, it is impossible to escape the conclusion that

the overflow out of the ancient lake was both small and transient.

This is confinned by the entire absence, so far as discovered, of any
sign of stream erosion of the rock portion of the divide. No signs of any
alternative overflow channel were discovered, in spite of careful search,

and the topography renders it improbable that any such channel exists.

The ancient lake was the sole discharge-point of the ancient Mohave
River, and the lake-level must have served as a gage of the river's

volume. The fact that the overflow from this lake was so small and
transient serves to confinn the conclusions, for which much other

evidence is accumulating, that the geologically recent period of lake

and river expansion in the North American deserts was neither so

humid nor so long-continued as has usually been imagined. It is

probable that during most of its existence the Mohave River has not

differed greatly from its present character. A period during which it

was similar to rivers of the humid regions is not to be thought of. All

evidence, however, indicates the reality of the minor climatic pulsa-

tions, the existence and importance of which has been emphasized by
Huntington.

Underground Structure andArtesiaii Water in the Desert Valleys of the Great Basin,

by E. E. Free.

An incident of the investigations of desert geology and topography

during the last ten years has been the accumulation of several hundred

records of wells bored in the desert alluvium in search of water or for

other practical purposes. Among these are the records of 15 deep

holes (500 to 1,200 feet) and over 50 shallower ones which were drilled

under my direction. Consideration of this accumulated data, as well

as of the physiographic processes now observed to be active on the

present surface of the deserts, has led to some generalizations regarding

the structure of the underground portions of the desert alluvium,

which generalizations are of interest especially in connection with the

occurrence of artesian waters in the desert valleys. Such artesian

waters have been found in several valleys and under circumstances

which indicate considerable differences from the conditions existing in

the older artesian areas.

It is necessary to recall the geographic character of the Great Basin

as composed of a series of long mountain ranges separated by long and
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comparatively narrow valleys. These trough-like valleys have been

filled deeply with alluvial debris from the erosion of the bordering

mountains, and it is from these alluvial deposits that nearly all of the

underground waters of the region have been obtained. Thiere being

no outward drainage and very few through-flowing streams, the filling

of the valleys has been done entirely by local stonn-waters and by the

small streams of the mountain slopes. By erosion at higher levels and
deposition at lower, this process is gradually lowering the mountains

and filling the valleys.

The occurrence of artesian and other underground waters in the

accumulations of alluvimn which fill the valley troughs appears to

depend entirely on the existence of buried stream-channels. The
streams which descend the mountain slopes and which have brought

about the alluvial filling are extremely variable both in volume and in

position. As they vary from flood to dryness, and as they migrate

back and forth over the slope which they are building, they leave

alternate and variable deposits of gravel, sand, and clay. Where a

stream is stationary long enough to form a channel this channel will be

marked by a hne of sand and gravel, and when the stream moves on,

floods or other streams may cover the sand-streak of this abandoned

channel with finer material, even with clay. In this way there are

built into the mass of alluvium many such abandoned stream-channels,

all leading from the mountain-slope toward the center of the basin.

Since these buried channels are of sandy and gravelly material, they

are easily pervdous to water. Many come to be sealed above and

below by clay or by the desert hardpan called caliche. The dish-

shaped or bowl-shaped contour of the valleys gives such buried channels

a considerable difference of elevation between the lower end at the

basin center and the upper end toward the rock wall. Usually this

upper end merges into the talus of gravel and boulders which borders

the mountain. It is obvious that this structure may result in artesian

conditions. Water which falls as rain on the mountains flows freely

through the bordering talus of coarse material and enters the upper

ends of the buried channels, which offer it easy passage down the

slope. Further down this slope the intercalated clay or caliche beds

confine the water of the channels and an artesian pressure is developed.

It is possible to make three deductions of i)ractical value: First,

artesian water is to be expected only where this bowl-shaped structure

of the alluvial fill occurs. Second, artesian water will not occur

necessarily in well-marked strata or at definite depths as it does in rock

artesian areas, but may occur at different depths and pressures in

adjoining wells, depending upon which of the buried channels may have

been penetrated; it is possible even to have entirely drj^ wells and pro-

ductive wells side by side. Third, if a valley be divided into concentric

zones outward from the center, artesian conditions will be most likely
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to occur in the intermediate zones. The outer zones will not have

sufficient clay or caliche seals to confine successfully the water of the

channels. The inner zones will be so far from the mountains that most

of the sand-streaks of the buried channels will have pinched out or

been choked with clay so that they no longer serve as water conduits.

It must not be imagined that the requirement of bowl-shaped

structure in the alluvial beds necessitates that the valley be an inclosed

basin without outward drainage. It is true that the necessary struc-

ture and the typical artesian conditions are best exhibited in such

undrained basins, but the same structure and sufficiently favorable

conditions may occur also in open valleys, provided there is enough

breadth and depth of alluvial fill to produce the proper contour of the

underground beds. The important criterion of artesian occurrence

is not inclosure of the drainage, but the slope of the valley and the

breadth and flatness of the alluvial fill. In valleys which are steep or

narrow the materials of the alluvial deposits are poorly sorted. All of

the beds contain much coarse material and are penneable to water

both horizontally and vertically. Broad valleys and slopes gentle

enough to permit standing or slow-moving water are essential to the

collection and deposition of clay, and the deposition of clay layers

is essential to the seaUng of the buried channels and the production of

artesian conditions.

From the considerations outhned in the discussion one can formulate

the first necessary condition for the occurrence of artesian water in the

desert valleys, namely, the existence of a deep alluvial fill the super-

posed layers of which have the structure of a shallow bowl, flat or

nearly so toward the center. Breaks in the rock wall of this bowl,

allowing the escape of surface drainage, are not important, provided

the stated condition is satisfied. Since the water, as in all artesian

areas, must be pro\dded by rainfall on higher land, this forms another

necessary condition. In the desert valleys this means the existence

around the valley of fairly high mountains, on which the fall of rain

and snow will be considerable and from which the water can drain into

the talus slopes and enter the buried channels. These two are the only

conditions necessary for artesian occurrence.

If these criteria be apphed to the valleys of the Great Basin it is

obvious at once that many valleys are too narrow or too steep to have

the necessary bowl-shaped stinicture of the underground beds. Many
others have insufficient drainage areas or have watersheds of such low

altitude that precipitation upon them is inconsiderable. There are,

however, many desert valleys in which the necessary conditions

appear to be satisfied. In several of these artesian waters have

already been discovered; for instance, in the Salton Basin, California,

and in the Carson Sink, the Las Vegas Valley, and Railroad Valley,

Nevada. Doubtless water will be discovered in others of the valleys
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when it is intelligently sought for, and in connection with this search

it is possible that the considerations outUned above may prove of

practical value as well as of scientific interest.

TJte Surface of the Painted Desert, by Godfrey Sykes.

A brief reconnaissance has been made in the so-called Painted

Desert in Northeastern Arizona, supplementing cursory examinations

of the same region made 25 years ago. Superficially there are some
points of resemblance between this drainage area and that of the

Santa Cruz which render a simultaneous examination of the two

desirable. Both consist in the main of broad, open valleys, containing

typical desert rivers running from southeast to northwest; both areas

are comparatively arid and both are flanked by mountain ranges or

high plateaus. The resemblance almost ceases here, however, since,

owing to the general sandy and porous nature of the soil in the Painted

Desert, eoUan influences are far more potent in effecting topographical

change than they are in the Santa Cruz Valley, and vegetation is

much more scanty and its existence more precarious.

The region is comparatively unexplored scientifically, and should

prove a most interesting one for the botanist, zoologist, and eremog-

rapher, from the fact that it consists in large part of a series of plat-

forms or terraces, extending parallel with the Little Colorado River

and isolated from each other by fairly well-defined cliffs or ramparts,

each possessing very distinctive features in soil and topography.

Erosion in the Santa Cruz Valley, by Godfrey Sykes.

During the past season the work of collecting data concerning the

physiography of the Santa Cniz drainage area has been carried on.

As a type of intermittent desert river the Santa Cruz affords many
features of the greatest interest. It has also undoubtedly served as a

channel for human intercourse from the earhest times, and since the

advent of the Spaniard in the Southwest its importance as such has

been very great. At present it is undergoing somewhat extensive

changes in the vicinity of Tucson, for it is in effect cutting through the

rim of a playa-like basin or bolson, in a temporary effort to render its

gradient more even. This effort has far-reaching effects upon vegeta-

tion, water-supply, and kindred matters, and is therefore of consider-

able scientific interest. The examination of the valley in its entirety

has been hampered, however, by the chaotic conditions across the

Mexican border, as, although rising in Arizona, the river makes a

greater detour through the Mexican State of Sonora before assuming

its main course towards the northwest.
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EQUIPMENT.

The developraent of facilities for control of temperatures has

included the construction of a glass compartment 12 by 20 feet, with

an attached work-room, at the Coastal Laboratory. An attached work-

room shelters the switchboards and current controls. Darkened
chambers for similar purposes have also been equipped in the main
building at the Coastal Laboratory and at the Desert Laboratory.

These features have already demonstrated their usefulness.

The principal instrumental additions include a set of 12 auxographs

designed by the Director for the purpose of recording variations in vol-

imie accompanying growth, and for measuring the swelhng of colloids.

A food-cage 30 by 60 feet, inclosed with wire netting, has been
constructed for growing solanums, to serv^e as food for the beetles used

in Professor Tower's experimental work in evolution. Other changes

in the equipment have consisted principally in minor replacements

and repairs and minor improvements in machines and apparatus

already on hand.

FIELD WORK.

The practical radius of action in the study and connotation of

natural conditions has now been extended 60 to 100 miles by improve-

ment in motor transportation. In addition to frequent excursions

to such distances, some detached field parties have been sent out

during the year. One party, accompanied by Dr. W. T. Hornaday,
of the New York Zoological Park, traversed the region southwest of

Tucson to the Ajo Mountains and north to Casa Grande in October

1915. A second party went northward through Arizona to the

Grand Canyon, eastward to the Painted Desert of the Little Colorado,

and southward by two different regions. A westward line was carried

across the drainage of the Colorado River, the Mohave Desert, and the

Coast Range to Carmel. The region between Tucson and the summit
of the Santa Catalina Mountains is covered frequently. Workers
at the Desert Laboratory easily visit the points of interest in an area

of about 5,000 square miles, and material from this area is readily

procurable for experimental purposes.





DEPARTMENT OF ECONOMICS AND SOCIOLOGY.*
Henry W. Farnam, Chairman.

Since the report of a year ago two histories have been published

by the Institution for this Department:

1. "History of Domestic and Foreign Commerce of the United States," by Emory R.
Johnson, T. W. VanMetre, G. G. Heubner, and D. S. Hanchett, vol. 1, xv-f363 pages
and 5 maps; vol. 2, ix+398 pages and 5 maps.

2. "A History of Manufactures in the United States, 1607-1860," by Victor S. Clark, one
volume, xii+675 pages, 14 plates and charts.

"The History of Transportation in the United States before 1860,"

prepared by Miss Carohne E. MacGill, under the direction of Professor

B. H. Meyer, has been accepted for publication and a large part of the

volume is in type. The "History of the Labor Movement," by Pro-

fessor John R. Commons and a staff of collaborators, has undergone a

thorough revision and has been read in manuscript by the writer, but

still requires some editorial work before it can be offered for publication.

In the Division of Population, Professor Willcox has been devoting

about a third of his vacation to his volume, and has taken a leave of

absence from university duties in order to give the greater part of his

time to it during the coming academic year.

In the Division of Agriculture, Professor Taylor's study of agricul-

tural prices from 1840 to 1860 and Professor Hibbard's history of

Federal land pohcies have been handed in to President Butterfield,

but are not yet quite ready to be offered for publication.

In the Division of Mining, Mr. Parker has been revising the manu-
script which was described in our last report, and has nearly completed

the period down to the Civil War.
In the Division of Social Legislation the writer has secured a study

of the mining laws of Pennsylvania by Mr. A. L. Trachtenberg, which,

though not prepared with the aid of a grant from the funds of the

Carnegie Institution of Washington, forms one of our projected series

of monographs. It is to be published by the United States Bureau of

Labor Statistics. The writer has also been at work upon different

parts of his own study and has taken a leave of absence from academic

work for the coming year in order to gain more time for this history.

In the Division of Federal and State Finance, Professor Gardner

reports that on account of lack of funds he is not having any more
monographic studies written, but that he has been spending the

greater part of the summer working upon his own divisional summary.
In the Divisions of Money and Banking and The Negro the prepara-

tion of monographs has ceased for the present, and on account of other

duties the heads of these divisions have been unable to give much
time to their work.

*Address: Yale Universitv, New Haven, Conn.
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For reasons stated in earlier reports, the work of the Division of

Industrial Organization has been suspended for several years and a

large part of the balance of its original allotment has been transferred to

other divisions in order to hasten the completion of their tasks.

Of the Indices of State Documents no further volumes have been

issued since our last report, but Pennsylvania is in press and should be

published soon. Progress has also been made upon South Carolina,

though the inaccessibility of much of the material is making the work
exceptionally difficult. When this State is completed, Miss Hasse

hopes to finish the rest of the thirteen original States by taking up
Connecticut, Maryland, Virginia, North Carohna, and Georgia; the

unexpended balance of her special appropriation should be sufficient,

on the basis of the cost of the volumes already finished, to index these

States.

The list of those already issued or well-advanced is as follows

:

California 1908

Delaware 1910

Illinois 1909

Kentucky 1910

Maine 1907

Massachusetts 1908

New Hampshire 1907

New Jersey 1915
New York 1907
Ohio 1912
Rhode Island 1908
Vermont 1907
Pennsylvania (in press).

South Carolina (in preparation).

In conclusion, I desire to call attention to the need of a reorganiza-

tion of this Department. This was proposed in the annual report for

1911, and has been repeated annually since that time. There is little to

add to the arguments presented in the report for 1915, except that they

gain new force with each year's experience (Year Book No. 14, p. 110).

The need is hardly questioned by anyone. The difficulty lies in working

out the details, and the writer will be glad to render such assistance as

may be desired to reach a satisfactory solution of the problem.

In all matters of this kind it is wise in planning for the future to

clearly understand the past. It may, therefore, be helpful at this

time to review briefly the history and amis of the department from its

inception, in order that, if the Trustees should decide upon a reorgani-

zation, they may see the work as a whole in a better perspective than

can possibly appear in the report of a single year. The proposal to

study intensively the economic history of the United States was
originally made by an advisory committee consisting of the late Colonel

Wright, Professor Clark of Columbia University, and the writer, and

was explained by Colonel Wright in an address delivered at the annual

meeting of the Economic and Historical Associations in 1904. It was

realized by us all at the beginning that the field was vast ; that it could

be dealt with adequately only by first preparing a solid foundation of

special monographic studies; and that a large number of these would

be required in each of the twelve sections into which the work was

di\^ded. For example, in order to treat the subject of State finance

thoroughly, we should have as a prehminary the financial history of

each of the 48 States. In the Division of Manufactures we should
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have each of the leading branches of manufacture treated intensively.

In some divisions the nature of the subject-matter involves fewer of

these studies than in others, but it was evident that in the aggregate a

large library of monographs would have to be created if we were to cover

thoroughly even the leading topics blocked out in our schedule.

To carry out such a project on a commercial basis, and pay an adequate

compensation for the time of workers, would have involved a prohibi-

tory expense. Hence we adopted the plan of asking the cooperation of

scholars belonging to the two associations most unmediately concerned

and of proposing to give a small allowance to cover the traveling and
other expenses of such competent graduate students as would select

for their doctoral theses subjects from our schedule of monographs.

This was an altogether economical and, in the opinion of the writer, a

wise procedure, since we were able to secure our studies at slight

expense. The work was, it is true, done by relatively young men,

but it was done under the supervision of professors in the various

universities by men of promise, not a few of whom have subsequently

made honorable records as economists. In time it became evident

that there was much valuable material in the public documents of the

several States which was inaccessible to scholars except at great labor.

Hence it seemed desirable to prepare an index of economic material

found in these publications, and we began the indices to State docu-

ments, of which 12 numbers have now been issued in 13 volumes.

We all realized from the beginning that the work would be slow.

In the initial report of the advisory committee made in 1902, which

asked for an annual appropriation for five years, it was distinctly

stated that this was intended to be provisional only. In the early

reports of Colonel Wright the same thought occurs repeatedly. Thus,

in his report for 1906, he said: ''As the investigation goes on the

sources of original information develop, and of course the work of

collection increases," and he added: "the time may be longer than we
at first anticipated." (Year Book No. 5, p. 158.)

The work was slow, not only on account of its extent but also on

account of the difficulty of securing workers. We have not yet the

body of trained scholars in our country that older countries like France

and Germany can command. Repeatedly men have begun a piece of

work and then dropped it, because they were offered positions as

teachers or some other lucrative employment. To give a single

instance of w^hat has happened frequently, the study of mining legisla-

tion in Pennsylvania, mentioned above in this report, had been under-

taken and abandoned by two different men before a scholar could be

found to carry it through to completion. Hence in the first five years

we had not drawn more than a part of the appropriation originally

granted. Indeed, we have not yet exhausted it.

The magnitude of our task and the consequent necessity of taking

ample time for its completion have been recognized by competent

impartial obser\^ers. Thus Professor von Schmoller, one of the most
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distinguished of German economists, refers to our work in an important

article contributed by him to the " Handworterbuch der Staatswissen-

schaften" (vol. viii, pp. 453-454). He describes Professor Commons's
Documentary History as "an exceedingly valuable publication of

documents." Regarding the more specific task of this department,

he says : "In twenty-five years a monumental work in economic history

will have been created such as hardly another country possesses.''

Similarly the late Professor Callender, in an article on American eco-

nomic history published in the American Historical Review (vol. xix.

No. 1, p. 94) says:

"The immediate need is for the same careful, painstaking study of economic
activity which historians have given to political activity. We are fortunate

in possessing in the Department of Economics and Sociology in the Carnegie

Institution of Washington a well-organized and subsidized enterprise designed

to accomplish precisely this work. For a decade it has been stimulating

investigations by grants of money and seeking to initiate and guide them by
its organization. To a large extent it is responsible for the work which has

been done during that period, and a glance at the results of its activities affords

striking evidence of the progress that has been made."

He then gives some general facts regarding our monographic work

and outlines the three important types of special study which ought

to be multiplied in order to prepare the way for an economic history

of the country. In examining how far these types have been developed

he points out many topics not yet treated and says (pp. 96-97)

:

"It is clear from this brief survey that the work of investigation needs to be
carried much further and to be systematized so that the most important sub-

jects shall receive most attention. It is to be hoped that the Carnegie Insti-

tution will not relax its efforts to stimulate and direct such work. A closer

organization of the collaborators, with a more definite plan of the work v/hich

they are seeking to produce, would be likely to secure more valuable results."

Upon the death of Colonel Wright, February 20, 1909, it became

necessary to fill his place, and the future of the Department was

considered at a conference with the President of the Institution. The
collaborators were now infonned that the Carnegie Institution was

not in a position financially to make any considerable additional

appropriations towards the work. It also appeared that the trustees

expected to have the whole completed in a much shorter time than

had been thought possible by Colonel Wright and his colleagues.

Moreover, the fonn of organization which had been adopted by this

Department was very different from that which had become the

standard in other Departments. It should be said here that this

organization has the defects of its qualities. It is economical in that

it enables us to secure the advice and services of speciahsts without

paying them salaries. On the other hand, it lacks responsibility and

permanence. These defects became more pronounced in the course of

time, as several of those who had undertaken the direction of divisions

were called upon to assume new duties and thus found themselves
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with less available tune to give to the work of the Institution, while

the active membership of the board automatically shrinks whenever
one of the twelve collaborators completes the work of his Division.

The problem which confronted the writer when he was chosen to

succeed Colonel Wright as chainnan of the Department was, therefore,

a difficult one. The original plan of laying very broad foundations

and devoting many years to the work did not seem to be acceptable to

the Trustees, nor was the form of organization ideal; and yet, if we had
disbanded the board of collaborators, it would have been very difficult

for the Department, even though reorganized on a plan intrinsically

more effective, to utilize the work already done. For it should be

remembered that, in addition to the large number of formal mono-
graphs, some of which have been pubhshed and some of which are still

in manuscript, each collaborator has accumulated a great mass of notes

and studies which clearly can be utilized only by him. Under the

circumstances the best plan seemed to be to pool our funds and, by
transferring money from those divisions which had relatively large

balances to those whose work was most susceptible of being hastened,

to get some, at least, of the divisional reports completed. This is the

task to which the writer has been devoting himself for the last seven

years. In order to make the funds go as far as possible, he has drawn
no salary for himself, nor has he even charged for the time of his

secretaries, and the fund set apart for administration has therefore

carried only such minor items as postage, stationery, printing, and
occasional traveling expenses. The administration expenses, which
in the six years down to 1909 amounted to $7,474.47, have been in the

last seven years $1,640.44, or an average of about $234 per year. This

policy has enabled us to transfer from the administration to the

research departments the sum of $8,550.

Besides the funds obtained by transfers, the trustees have made
additional appropriations for the pm'pose of paying salaries to such of

the collaborators as might be able to take a leave of absence from their

regular occupations and devote themselves exclusively for a period to

the work of the Institution. In this way we have succeeded in com-
pleting the more comprehensive histories enumerated at the beginning

of this report in addition to the foundation work represented by the

volmnes of the Index, some 136 monographs, published and unpub-
lished, and over 100 magazine articles enumerated in our bibliography.

But our unexpended balances are now so small that some decision with

regard to the future is urgent. This involves an answer to three specific

questions

:

(1) Shall the department be reorganized with a salaried head to

harmonize with other departments?

(2) Shall work upon the Contributions to American Economic
History be continued, or shall we conclude the series after the publica-
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tion of the manuscripts which are now completed or can be completed
in the near future?

(3) Shall the Index be continued?

These last two questions are related to, but not necessarily dependent
upon, the answer to the first. The establishment of a department
with a salaried staff would not of itself lead to the discontinuance

of the Contributions or of the Index. The present collaborators or

their successors might continue to supervise the preparation of mono-
graphs or work out their own divisional summaries in a relation not

unlike that of the research associates in other fields. Some such

arrangement as this seems desirable, if we are to utiUze the mass of

material already accumulated. We must recognize the fact that the

speed with which different divisions can be completed will inevitably

be very different, partly on account of the varying difficulty of the

subject-matter, partly on account of the personal equation of, and the

competing responsibilities resting upon, the heads of divisions.

The writer's experience during the past dozen years has not weakened
in the least, but has rather strengthened, his conviction of the impor-

tance of the undertaking. Since we began our work, not a few books in

American economic history have been published by writers under the

influence of the Marxian doctrine of class conflict. According to this

familiar sociaHst maxim, all history is but a series of conflicts between

economic classes, each seeking its advantage at the expense of others.

Some of these writers have analyzed the economic interests of the

leading men in our public life, and of political parties, and have
endeavored to explain historical events by tracing them to material and
egotistic motives. That these studies are of interest can not be denied,

but any author who undertakes historical or scientific research under

the bias of a philosophical theory can hardly fail to make such a

presentation of facts that they will confirm his theory. It has been the

aim of this Department to be strictly objective, and while individuals

may err in their understanding and their interpretation of the facts,

if they are animated by the scientific spirit their work will have an

authority which can not be possessed by the work of those who write

with a theory to prove.

Our studies in economic history also have an important bearing

upon practical questions. In these days of rapidly increasing govern-

mental regulation of business and labor, the one safe guide is the

experience of the past. In this field it is believed that our contribu-

tions will be of great practical importance, and that the past has many
more lessons for us than has been hitherto realized.

The wTiter therefore hopes that means may be found to continue at

least the more promising divisions of the Contributions and of the

Index and at the same time to give the Department a more effective

organization.
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The following report deals for the most part with studies in embry-

ology that have been published during the past year. The subjects

may be grouped under three headings : cytology, human embryology in

general, and neurology.

CYTOLOGY.

The work accomplished in the last ten years in the field of cytology

has gone far to improve our knowledge of the structure of the proto-

plasm, from the fact that it has cleared the field of several theories

and at the same time has harmonized others which seemed to be

irreconcilable. In the study of the embryonic protoplasm with the

special technique required, one of the most important advances has

been made. This work—started by Meves on the embryos of birds

and extended to mammals, amphibians, invertebrates, and, during the

past winter, to fishes by Professor Jules Duesberg—has given harmoni-

ous results. It has been shown that the cytoplasm of the undifferen-

tiated cell, in addition to the centrioles and the more or less abundant

and non-permanent yolk granules, contains a ground-mass in which

bodies of various and changeable form, the chondriosomes, are

embedded. It is in these undifferentiated embryonic cells that investi-

gators have found the chondriosomes the easiest to define by utilizing

their chemical as well as their moiphological properties. A careful

study of the behavior of the chondriosomes during the evolution of the

cell has shown that they are able to move, apparently freely, in the

surrounding mass, and consequently that such things as a reticular

structure of the protoplasm and an alveolar structure in Biitschh's

sense (whose theory, by the 'wa.y, is very much open to criticism from

the physio-chemical point of view also), most probably do not exist.

The field has furthermore been cleared of the so-called ''chromidial"

theory—the chondriosomes belong to the protoplasm. As already

stated, the chondi'iosomes appear in various forms, sometimes as

granules, sometimes as filaments which may be branched or even

connected in a network, or, at other times, as one large body. This is

frequently the case in the spermatid of invertebrates. Again they

assume different shapes in the various phases of the life of a cell, as is

best shown in the evolution of the male germ-cells.

On the other hand, it has been repeatedly established by various

observers that Benda's ''mitochondria" were not previously unknown
elements of the cell, but that they have already been noted in many
tissues and had been described under various names. For instance,
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undoubtedly some of Flemniing's Jila, some of van Beneden's micro-

somes, von la Valette St. George's cytomicrosomes and "Nebenkern,"
and most of Altmann's bioblasts, are identical with chondriosomes.

The value of the recognition of this fact should not be underestunated,

inasmuch as it has brought about a satisfactory simplification. From
the same point of view another desirable result is the conciliation

between two long-discussed and ardently supported theories of the

stnicture of the protoplasm, namely, Flemniing's filar and Altmann's

granular theories ; for it has been demonstrated that in many cases both

have described the same substance and that this substance may appear

in granular as well as in filamentous fonn.

As happens in every new field, the research work on chondriosomes

has passed through a phase which may be properly characterized as

the descriptive stage, the stage of pioneering work. At present the

tendency is rapidly developing to attack the problem from the experi-

mental side, and in this connection should be emphasized the value

of the tissue-culture method b}^ means of which many fonner observa-

tions have also been confirmed. The experimental methods, chemical

research included, should prove very valuable, and should help

to solve important problems, for although the importance of the

chondriosomes is generally admitted, their role in connection wdth the

difTerentiation and the life of the cell is much discussed. Finally, it

should be pointed out that in the domain of pathology the cell proto-

plasm has hardly been explored in a systematic way and that, for

instance, the study of the cytoplasm in tumors might perhaps give

results not only interesting but also of some practical value.

Mrs. Margaret R. Lewis and Dr. R. B. Robertson have applied the

method of tissue cultures and vital staining to the study of the mito-

chondria in the genn-cells of a grasshopper {Chortippus curtipennis

Scudd.) and their results are in agreement with the conclusions drawn

by others from the study of teased tissues or of fixed and stained

preparations. Mitochondria are found in the primary speimatogonia

of Chortippus as small, dehcate granules. They certainly do not arise

in the male germ-cell, since they are already present in the earliest

genn-cell, and there is no evidence that they are fonned at the expense

of any nuclear material. In the prophases of the first division the

mitochondria dispose themselves in threads and surround the spindle.

This substance is divided into two clumps of about equal size during

both spermatocyte divisions. In the spennatid the mitochondria

conglomerate into a compact body, the previously so-called "Neben-
kern," which divides into two parts and, after undergoing several

changes in the structure, finally builds two threads which surround

the axial filament extending along the length of the middle piece of the

spermatozoon. Besides the mitochondria, these authors found, in all

generations of genn-cells, granules that stain vitally with neutral red.
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These granules exhibit no definite behavior and disappear during
speriniogenesis.

Dr. Paul G. Shipley describes in Trypanasoma lewisii granules

scattered through the cytoplasm which are more numerous at the

anterior end of the organism and show a marked tendency to clump
together at one or both ends of the nucleus. These granules are

stained in vivo with Janus-green, are dissolved by acetic acid, and in

permanent preparations (fixed and stained by the methods of Benda,
Bensley, Meves, and Altmann) give characteristic mitochondrial stain-

ing reactions. It is therefore highly probable that these granules are

mitochondria. Dr. Shipley found, furthennore, that the reactions of

the kineto-nucleus towards mitochondrial stains, both in fixed and in

vitally stained preparations, are very similar to those of the mito-

chondria, their behavior being analogous to that of the centrioles in

other cells.

In the pancreas of the toad Mr. J. Albert Key has tried to elucidate

the relations of mitochondria to zymogen-granules, which some authors

believe to be very close. He injected the animals with pancreatic

secretion or pilocarpin and fixed the pancreas at various periods after

injection. He found on the filaments the spindle-like swellings that

have been interpreted as the first appearance of zymogen granules.

These swellings, however, do not stain with neutral gentian, neutral

safranin, or neutral red, nor are they fixed satisfactorily in Zenker

fonnahn material. On combining Bensley's neutral-gentian and
acid-fuchsin methods, which differentiates mitochondria from zymogen
granules, Key was unable to detect any difference between the swellings

and the rest of the filaments. He states further that there is an absence

of reciprocal changes in the number of mitochondria with variations

in the content of zymogen granules found by others in other material

;

and he is led to believe that the zjanogen granules are not formed
directly from the mitochondria.

The purpose of the investigation conducted by Miss Madge DeG.
Thurlow was to determine whether the number of mitochondria could

be used as a basis for classifying nerve-cells into motor and sensory

groups. Although her results were negative, the investigation leads to

the interesting conclusion regarding the proportional number of mito-

chondria in cells belonging to the different nuclei of origin of the

cranial nerves in the white mouse, the number of mitochondria present

in each cell being determined by careful countings and measurements.

The cells of the mesenphalic nucleus of the fifth, the cochlear and
vestibular nuclei of the eighth, the nuclei of the sixth and seventh

nerves, seem to represent extremes in the number of mitochondria.

The largest number was found in the cells of the mesencephahc nucleus

of the fifth, the smallest in the cells of the nucleus of the seventh.

Large numbers of mitochondria were found also in the cells of the
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cochlear nucleus of the eighth and of the nucleus of the sixth cranial

nerve, whereas the cells of the vestibular nucleus of the eighth contain

much fewer. The quantitative variations of mitochondria in the

individual cells of one given nucleus are very slight.

Pursuing his researches on the behavior of the azo dyes in the

body, Professor Herbert M. Evans has studied the ovary, and espe-

cially the atresic follicle, in their reaction towards the vital stains of the

azo group. He finds that the beginning of the degeneration of the

granulosa cells is often marked by an abnipt change in their reaction

toward these dyes. Normally resistant to the entry of the dye, the

degenerating cells may house large "droplets" of vital color, so that

the w^hole folhcular epithelium is finally laden with it. This reaction,

however, is to be separated sharply from the so-called "macrophage"

reaction, inasmuch as the granulosa cells that behave in this way show

chromatolysis and other degenerative changes, and are short-hved.

True macrophages play an important part in follicular atresia, and they

are electively stained by vital dyes of this class. The later stages of

follicular atresia are consequently marked by the presence of numerous

macrophages laden with the dye. The macrophages must be con-

sidered as utihzing the products of the disintegrating ovum towards

which they are attracted, and which they invade by an active penetra-

tion of the zona pellucida.

Dr. Katherine J. Scott's researches on the connective-tissue cells of

animals stained vitally with acid azo dyes have led her to the conclusion

that under no conditions are the mitochondria of connective-tissue

cells vitally stained with these dyes. The dye granules undergo defi-

nite changes in accordance with the functional state of the cell, and so

do the mitochondria; but the respective identities of dye granules

and of mitochondria are always maintained.

Starting from the relations which are known to exist between the

composition and concentration of the sea-water and the composition

and concentration of the plasma, Mrs. Margaret R. Lewis studied sea-

water as a medium for tissue culture. She finds that an excellent

medium can be made with 90 parts of sea-water (diluted to make it

isotonic with the plasma of the animal from which the cultures are to

be made) -1-10 parts of bouillon made from the muscles of the same

animal. It has been found that about 10 (sometmies 15 and 20)

parts of bouillon make the solution sufficiently hypotonic to offset any

evaporation which may take place, and at the same time to furnish the

necessary nitrogenous food for the tissue. To 100 c. c. of the above-

mentioned medium are added 0.02 grams of NaHCOa to neutrahze the

acid fonned by the culture and 0.25 grams of dextrose to supply the

energy for growth of the tissue.

In vertebrates, as well as in invertebrates, several observers have

quite recently described amitosis followed by division of the cell and
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have considered this process as a normal way for cell multiplication.

Dr. Macklin has devoted his attention to the fate of cells with elongated
or constricted nuclei, and of mononucleated and multinucleated cells

as observed in living cultures of embryonic chick tissue. He found
that the constriction of the nucleus may end in amitosis and that

repetition of the process may produce multinucleated cells. In no
case has it been found that the parts became separated to form the

nuclei of mononucleated cells. The only change which took place in

these cells (some of them being observed for 12 hours continuously)

occurred when they were undergoing mitosis. There was a disappear-

ance of the nuclear membrane with a fusion of the karyoplasm of the

two nuclear moieties and the formation of a single amphiaster. In this

way there finally resulted two apparently normal nuclei contained

within separate cells. These observations contradict the opinion

gained through observation of fixed material, according to which cells

may multiply by amitosis, and indicate that amitosis is a change in

form of the nucleus rather than a method of cell proliferation.

Another contribution to the behavior of embryonic chick tissue in

cultures has been made by Dr. Paul G. Shipley. A first group of

cultures was made with tissue taken from the area opaca, before the

formation of blood-islands and the elaboration of hemoglobin, and
grown in the blood-plasma of an adult hen. In many cultures young
erythrocytes were found which developed from undifferentiated,

highly amoeboid, very small, mononuclear elements. The process of

erythrogenesis was initiated by a cessation of amoeboid movement.
The cell withdrew its processes and became round. The round hemo-
globin-free cells still had the power of multiplication by mitosis, but
usually hemoglobin was elaborated without further division, with the

resulting formation of the hemoglobin-bearing erythrocytes. In this

way a small number of nonnal red cells were produced in cultures, but
most of the erythrocytes differed in many respects from the normal
type, which under the condition existing in the cultures should not be
surprising. Several cultures showed, after 24 to 30 hours, the develop-

ment of the heart-muscle, which began to beat rhythmically. Regu-
larity in beat was not maintained for over 24 hours ; after this time the

rate became slower and slower until it ceased
;
pulsation could, however,

for a time be reinduced by mechanical or thermal stimulation. These
facts show that the Ufe of cells in cultures in not merely a series of

"survival phenomena" on a down-grade of progressive differentiation.

Professor Eliot R. Clark studied the reaction of mesenchyme cells

in the tadpole's tail toward injected oil-globules. His investigation

was undertaken in order to find out the reaction of the mesench3mie
cells to the pressure of globules of fluid artificially introduced into the

tissue-spaces. The problem is interesting in its relations with the

formation of lymphatic vessels. One view is that the lymphatics are
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foniied by the transfonnation of mesenchyme cells reacting towards an
accumulation of fluid in tissue-spaces by flattening out and forming

membranes around the inclosed lakelets. Such "blisters" are held to

be the beginning of IjTiiphatic endothelium, vessels being formed by
the coalescence of neighl)oring blisters. Clark found, however, that

the mesenchjnne cells in the injected tadpole's tail did not show any
tendency to flatten out and form membranes around the globules of

oil, but they maintained their identity as branched mesenchyme cells,

retaining their property of slow progressive movement. The only

observable reaction on the part of living cells toward the injected

globules was a more or less intense leucocytosis, caused probably by
slight grades of mfection. In several instances leucocytes were

watched as they moved toward an oil-globule, and were seen to flatten

out on its surface and then move away again. It would thus appear

that the opinion that mesenchyme cells are stimulated by the mechani-

cal pressure of globules of fluid to flatten out and fonn membranes,
and that these membranes are the beginnings of the lymphatic endo-

thelium, fails to stand the test of experiment and of direct observation

on the living animal.

Doctors Paul G. Shipley and Robert S. Cunningham have studied

the role of the omentmn in absorption from the peritoneal cavity.

To avoid as completely as possible all causes of error, they adopted the

following technique. The omentum was drawn out of the body of the

animal through a midline incision and immersed in the fluid to be

studied. In a number of cases participation of the lymphatics in the

absorption of the material was eliminated by preliminary ligature of

the thoracic duct. The difficulty of keeping the anmial under an
anesthetic for several hours led the authors to use animals that had
been decerebrated; for such an animal will lie motionless and rigid,

and at the same time the pulse and respiration and the blood-pressure

will remain fairly nonnal. The omentum of animals prepared in the

manner described were immersed in true solutions, in pseudo-solutions

of high molecular dyestuffs like trypan-blue, in colloidal metals, and in

filtered India-ink. After exposure for varying lengths of time, the

animals were killed and their tissues examined. The use of a solution

of citrated cyanide, isotonic with the blood of the animal, followed by
fixation of the tissues with acid formalin, enabled the authors to trace

the route of removal of the original fluid, the citrated cyanide being

precipitated in the tissues by the acid, forming Prussian blue. The
results were most extraordinary and most unexpected: it was shown
that the drainage was effected by the blood-vessels. The results were
identical, whether the thoracic duct had been ligated or not, and
experiments with other substances, namely, trypan-blue or India-ink,

led to the same conclusions. Consequently it is probable that the

omentum plays an important role in the drainage of the peritoneal
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cavity, and the path by which absorbed substances leave the omentum
is not a lymphatic but a hsemic one.

Dr. E. V. Cowdry has studied the so-called ''chromophile cells,"

especially their canalicular apparatus and their mitochondria, in the

brain of the white mouse. He has found that chromophilic cells occur

under normal conditions in the brain of the white mouse and are dis-

tributed unequally in the different parts of the nervous system. They
are most abundant in the cerebral cortex, and are progressively less

numerous in the cerebellum, corpus striatum, thalamus, midbrain, and
medulla. They are of very rare occurrence in the spinal cord, spinal

ganglia, and sensory ganglia of the cranial nerves. Chromophilic

cells, as seen in fixed and stained preparations, vary greatly in struc-

ture. There is usually more or less shrinkage of the cell-body and the

nucleus may also be shrunken. The acidophilic and basophilic nuclei

are particularly prominent, and the ground-substance of the nucleus

stains intensely with both acid and basic dyes. There is an increase

in the amount of Nissl substance, the Nissl bodies becoming confluent

and foiToing a homogeneous mass. The cell is hyperchromatic and
the canalicular apparatus is unaltered. The mitochondria either

increase in number or stain intensely, or else lose their discrete outlines

and form a homogeneous diffuse deposit which stains intensely by the

mitochondrial methods of technique. This change in the mitochondria

occurs in the cell-process in the neighborhood of the cell as well as in

the cell-body. Although the nucleus may be completely obscured by
this cloud of mitochondrial substance, it still remains and stains in the

usual way with hematoxylin and eosin. The labihty of the mito-

chondria and the constancy of the canalicular apparatus in the chro-

mophilic cells confimi the author's view that these two structures are

physiologically as well as morphologically distinct.

The same author has summarized in a general article our knowledge

of the general functional significance of the mitochondria. He reviews

in succession the data concerning their morphology, their relation to

other cytoplasmic constituents, to metabolism, to histogenesis, to

inheritance, and to the pathology of the cells; and gives for the first

time an account of their chemical properties, including their behavior

towards vital stains, of which he has made a special study. His con-

clusions are that a great deal of work still remains to be done before

we can hope to understand the functional significance of these bodies.

HUMAN EMBRYOLOGY IN GENERAL.

Owing to our increasing efforts, the collection of human embryos has

continued to grow rapidly. Twenty-five years ago it took 10 years to

collect our first 100 specimens; 5 years to collect the second hundred;

3 years for the third hundred ; 2 years for the fourth hundred. And
now, since the collection has been taken over by the Carnegie Institu-
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tion of Washington, 400 specimens have been collected each year. On
an average, about 60 physicians have contributed each 100 specimens,

and the whole collection has been obtained from 509 physicians residing

in 46 States and countries. As might be expected, many of these physi-

cians are connected with hospitals, and, as far as can be ascertained,

59 contributing hospitals are now upon our lists. The largest number of

specimens came from Maryland, 899 coming from this State alone,

most of them from Baltimore. We have received 174 specimens from

New York, 59 from Michigan, 56 from Pennsylvania, 41 from the Dis-

trict of Columbia, 43 from Illinois, 37 from California, 35 from Ohio,

30 from Massachusetts, 27 from Connecticut, 26 from New Jersey, 22

each from Wisconsin and Maine, 21 from South Carolina, and 27 from

the Philippines. The remaining specimens, less than 20 for each

State, came from 31 States and countries. In the collection there

are 23 Filipino embryos, 6 Chinese, 4 Japanese, 3 American Indian,

1 Korean, and 86 embryos known to be from the American negro.

The Johns Hopkins Hospital contributed 99 specimens, and these

came mostly from the gynecological and obstetrical clinics. Nine

other hospitals in Baltimore sent specimens, 27 coming from the

Hebrew Hospital and 16 from the Church Home and Infirmary.

Eleven hospitals in New York contributed : Bellevue 35, Kings County
27, and the Lying-in Hospital 18 specimens. A complete statement

regarding the collection is now being prepared for the press.

I wish to emphasize again the importance of this cooperative

research undertaking, in which, on account of their altruisitic spirit,

over 500 persons, most of them unknown to us personally, have taken

part. Without their contributions our work would be impossible.

The best specimens are sent to us from hospitals. From among them
it has been possible to obtain several rare ones in utero, the organ

having been removed for various reasons. Our colleagues in Baltimore

have been especially considerate in sending these prizes directly to our
laboratorj^, and sometimes thej^ have arrived with the embryo still

living.

There are 141 publications which are based in part or entirely upon
this collection. Most of them are by members of our staff, but a fairly

large nmnber are by colleagues in other institutions, who have come
here to study the collection or to whom we have loaned individual

specimens. In a few instances rare specimens in other collections have
been brought here to be compared with our embryos and to be worked
up for publication.

In the past year several general studies have been published, for

which this collection has been utilized as a basis. They are as follows:

A general discussion on the development of the fetus by Professor

Warren H. Lewis, one on the development of the heart by myself,

and one on the development of the digestive tract by Professor William
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S. Miller, of Madison. Professor George B. Jenkins, of Louisville,

has used the collection in a study of the development of the olive, and
Professor Kingsbury, of Ithaca, in a study on the development of the

human pharynx. Dr. Oswald S. Lowsley employed a few of our

specimens in the preparation of his paper on the prostate gland in old

age, and lastly Professor Thomas S. Cullen has based almost entirely

upon our embryos his study of the development of the umbilical region,

which is given in the first chapter of his treatise on this subject pub-
hshed recently.

Biometric studies on the human embryo by Dr. Michael Reicher, to

which reference was made in Year Books Nos. 12 and 13, were inter-

rupted on account of the European war. It is planned to continue

this work in the near future, as our specimens are increasing rapidly in

number and it is desirable to obtain a satisfactory antenatal curve of

growth. Through cooperation with the obstetrical department of the

Johns Hopkins Hospital two studies upon this subject have been pre-

pared by Professor A. W. Meyer, of Leland Stanford Junior University,

one on the curves of prenatal growth and autocatalysis, and the other

on fields, graphs, and other data of fetal growth. These have been

published as Contributions to Embryology, No. 4 (Publication No. 222)

by the Carnegie Institution of Washington.

In this connection I may mention my own publication on the age of

embryos and the duration of pregnancy; also my paper on anatomical

characters of the human brain, which are believed to vary according

to race and sex. The latter forms one of the essays in a collection of

papers of especial use in the study of Afro-American problems. It

should be extended to include the fetal brain. In order to gather more
material a circular entitled "On the study of racial embryology"
was widely distributed in Asia and in British North America ; and the

result of this effort has been the addition of a number of valuable speci-

mens of the embryos of different races. Studies of this kind call for

the cooperation of many individuals as well as for joint investigations

by the embryologist and the physical anthropologist. To develop this

plan I have repeatedly sought the advice of Professor vSchlaginhaufen,

who has been most generous in giving it. I also want to add that

many missionaries and physicians in foreign countries have shown the

greatest willingness in sending specimens for our collection.

The fifth contribution to the study of the pathology of human
embryos (by myself) appears in Publication No. 224 of the Carnegie

Institution of Washington. It is entitled ''The human magma
reticule in normal and in pathological development." In this study

it is shown that fibrils foniiing the reticular magma are always in direct

continuity with those of the mesenchyme of the chorionic wall. This

fact can be easily demonstrated by means of the Van Gieson stain, and

reticular magma must therefore be viewed as embryonic connective
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tissue extending into the cavity of the o\Tim. The stronger strands of

magma are accompanied more or less by mesenchjnne nuclei, showing

that the magma itself must be viewed as an independent connective

tissue identical with the mesench>ane of the chorion. As the amnion
extends, these strands are pushed aside and their final remnants are

seen in that portion of the exocoelom which encircles the umbilical cord.

In pathological specimens the reticular magma increases in quantity

in the earlier stages of development, the increase continuing for a

number of months of pregnancy. Frequently the meshes between the

reticular fibrils are filled with peculiar stratified granules which take on

an intensive hematoxylin stain. Often the amnion is destroyed

early in development, and in this case the magma may dissolve; but

sometimes it increases greatly in quantity, fomiing a gelatinous mass.

Frequently, pathological ova are encountered in which the develop-

ment of the embryo is retarded, and the amnion is often found filled

with a flaky deposit that, as time goes on, increases greatly in quantity

and finally forms large crusts which invest the embryo. In other cases

there is a marked hydramnois, and in certain instances, in which the

amnion is destroyed, the magma dissolves, leaving only the embryo
floating in the fluid encircled by the chorionic wall. Specimens are

also found in which the cavity of the amnion is greatly enlarged and is

filled with a jelly-like substance, which in later stages may fonn crusts

encircling the embryo. The true relation between the pathological

changes of the contents of the exocoelom and of the cavity of the amnion
remains to be detennined.

Professor Florence R. Sabin has continued her work upon angio-

genesis in the chick and the pig. The first vein of the embryo is the

duct of Cuvier, which forms a direct connection between the aorta and
the vitelline veins. The cardinal system in general arises as a longi-

tudinal system of veins from primary branches of the aorta. The
cardinal system proper extends throughout the zone of the myotomes
and lies in the Wolffian groove ventral to the myotomes. In the chick

the direct connection between the aorta and the heart occupies the zone

of the first three or four myotomes. Eventually the plexus of the

vessels representing the duct of Cuvier in the chick covers the zone
of the first seven myotomes. In the pig the posterior cardinal vein

develops from lateral branches at the same time as the nephritic

tubules, and these lateral branches alternate with the nephritic tubules.

In the chick the posterior cardinal vein develops more rapidly than the

tubules, and comes in part from lateral branches of the aorta, which
are intersegmental, but mainly from dorsal segmental branches, which,

however, do not grow first to the spinal cord, but rather directly

lateralward to the Wolffian groove, where they anastomose to make a

longitudinal vein.
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The work of Dr. Robert S. Cunningham on the development of the

lymphatics of the lung is now concluded and forms Contribution No. 12

in Publication No. 224. Dr. Cunningham concludes that the develop-

ment of the lymphatics within the lung depends upon the division of

the vessels into two groups—those associated with the veins and con-

nective-tissue septa, and those associated with the arteries and the

bronchi. The former grow very rapidly, and, following each of the

branches of the pulmonary vein, pass to the pleura. There are at

first only two or three lymphatics with each vein. In the early stages

the terminal veins lie about midway between the adjacent bronchi,

and in this plane a sheet of lymphatics develops from the vessels

surrounding the veins and passes to the pleura, where they mark out

the boundaries of the distribution of each bronchus. These vessels

anastomose with those that grow direct to the pleura from the plexus

on the trachea. The bronchial vessels develop more slowly, and at

first are to be found only around the larger bronchi. As these struc-

tures increase in size and number, the lymphatics surrounding the main
bronchi send vessels to the smaller ones, and these form a plexus around

each of the bronchi, so that the bronchial tree is surrounded by a

continuous series of branching tubes made up of lymphatic vessels.

From every point of division of the bronchi, lymphatic vessels pass to

those of the veins. Those around the terminal bronchus leave it near

its ending in the atria, and pass to join the lymphatics of the veins or

septa, or, more rarely, those of the pleura.

Lymphatics also arise from the retroperitoneal sac and grow upward
behind the diaphragm to enter the lower pole of the lower lobe of the

lung. These vessels form a plexus on the median surface of the lower

lobe, and send branches to the pleura of the other surfaces and into the

lung along the veins. Plexuses develop here, as is the case with those

that come from above, and the two groups soon anastomose. In the

adult there are lymphatic vessels accompanying the bronchi, the

arteries, and the veins; these anastomose freely. There are also vessels

in the connective-tissue septa which drain chiefly into those around the

veins, and, to some extent, into those of the bronchi and arteries, near

the point where the vein and the bronchus separate to take their rela-

tive positions in relation to the lobule. There are numerous anasto-

moses between the deep vessels and those of the pleura, but probably

most of the flow is toward the hilum. All the deep vessels, together

with the greater number of the pleural vessels, drain into the nodes at

the hilum; but the vessels of the lower half of the pleura of the lower lobe

drain through several vessels to the preaortic nodes. These vessels

pass through the ligament of the lower lobe and behind the diaphragm.

The work of Mrs. Eleanor Linton Clark, which was alluded to in

previous reports, is now nearing completion. Her last publication

is upon the lymph-flow in the early superficial lymphatics in the living
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chick. Her findings, briefly stated, are as follows: The primary-

superficial IjTnphatics of chick embryos form a rapidly growing,

frequently anastomosing, capillary network. This primitive plexus

maintains numerous open connections with the venous system in

certain places. For over 24 hours the pressure in these earliest lym-

l^hatics remains less than the side-pressure in the connecting veins

and, consequently, there is no lymph-flow in the early plexus. Instead,

it contains blood, which backs up into it from the communicating

veins. The pressure of the fluid in the lymphatics gradually increases

and finally overcomes that of the veins. The first lymph-flow which is

then established is feeble and easily disturbed. The lymph-flow

gradually becomes more rapid and steady, but its course is readily

altered b}'- various mechanical factors. A day later the pressure in the

superficial lymphatics has increased still more and, for various reasons,

the outflow into the veins is interfered with. At certain points two

conflicting pressures are present, and here the lymph-flow becomes

sluggish. The endothelium of these early lymphatics responds to the

passage of fluid over its interior by the differentiation of definite ducts

or channels out of the indifferent primitive network. With the

increased flow of lymph these channels enlarge and others are formed.

That the formation of such channels is due to the lymph-flow and to

mechanical factors, rather than to arbitrary predetermination, is

e\'ident from the frequent variations which occur in the position of the

main ducts in chicks of the same stage. The endothelial wall of the

early IjTnphatics also responds to the increased pressure, caused by
interference with the lymph-flow and the damming back of fluid, by
expanding to form sac-like enlargements. The size which these

sacs may attain is influenced to some extent by the looseness of the

surrounding tissue.

Professor Franz Keibel, our Research Associate, has made a new
report upon early implantation. To detennine the line of demarcation

between maternal and embryonal structures he employed Bielschow-

sky's method, with which the connective-tissue fibrils are stained

intensely black, so that (as they are numerous in the nmcous mem-
brane of the uterus) it is quite easy to separate the two kinds of struc-

tures. In a specimen about 3 weeks old it is found that the individual

trophoblast cells are in advance in implantation and where they come
in contact with the connective-tissue fibrils the latter swell and dis-

integrate. At this stage of development the trophoblast cells do not

intenningle with the decidua cells. The epithelial cells of the glands

and the endothelial cells lining the blood-vessels degenerate and disap-

pear in front of the advancing trophoblast. The line of separation is

well-marked bj'^ the presence of connective tissue on the maternal side

and by its absence on the embryonal side. From this study it would
appear that the syncytium prevents the maternal blood from coagulat-
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ing and takes up and digests pabulum (embryotrophe) as well as nutri-

tive substances from the mother's blood. Hence the villi of the chorion
show an analogy to those of the intestine. The function of destruction

and absorption of maternal tissues is not to be ascribed to the sjnicy-

tium and giant cells alone, but also to the cells of the trophoblast, for

these wander out and come in contact with the maternal cells and no
doubt are responsible for their solution. The syncytial giant cells,

however, are often found far out in the tissues of the uterus as well as
within the maternal blood-vessels. In the latter case they do not de-

stroy the maternal cells, but in Professor Keibel's opinion they them-
selves are fated to destruction.

NEUROLOGY.

Studies on the development of the arachnoid spaces and brain

membranes and others on the establishment and character of the circu-

lation of the cerebro-spinal fluid in mammalian embryos, have been
published in two shorter papers by Dr. Lewis H. Weed. A larger and
more comprehensive account of the whole work has been given by him
in the Contributions to Embryology, vol. v (Carnegie Inst. Wash. Pub.
No. 225). He devised a method of replacing the cerebro-spinal fluid

in hving pig embryos with an isotonic solution of potassium ferro-

cyanide and iron-ammonium citrate. After the embryos had been
kept ahve in an incubator for varying periods, they were fixed in a fluid

containing dilute hydrochloric acid. This resulted in the formation of

Prussian blue as a granular deposit in all the spaces that had been in-

vaded by the injected solution. By the use of this method the cerebro-

spinal fluid was replaced by a true solution, without any increase in

pressure and without any toxic effect upon the embryos. It was thus
possible to obtain trustworthy evidence regarding the distribution and
spread of the cerebro-spinal fluid.

Dr. Weed finds that the first extra-ventricular spread of the cerebro-

spinal fluid occurs in embryos over 14 mm., long, and that this is

approximately coincident with the development of the tufts in the
chorioid plexuses of the fourth ventricle. The spread occurs through
a differentiated oval area in the superior central portion of the roof

of the fourth ventricle. This area can be recognized histologically

before it begins to allow the passage of fluid. In 18 mm. pig embryos,
the extra-ventricular spread is by no means extensive; but two areas of

escape for the ventricular fluid exist in the two divisions of the rhomb-
encephalic roof. The superior of these points of fluid-passage is the
one also concerned in the primary outflow of the fluid, whereas the

inferior is a somewhat similar area of ependymal differentiation in the

caudal half. After this stage is passed, the further extra-ventricular

extension of the fluid occurs rapidl}^ The peribulbar spaces are first

filled with the fluid, and from this region a spread downward in the



116 CARNEGIE INSTITUTION OF WASHINGTON.

perispinal spaces occurs. Simultaneously with this caudal enlarge-

ment of the fluid-spaces the fluid may be traced along the ventral

surface of the mesencephalon. In pig embryos of 23 imn. these replace-

ments show a total filUng of the ventricular system with the blue and

an almost complete surrounding portion of the cerebro-spinal axis

with the granules. The superior portion of the mesencephalon and

the cerebral hemispheres are the last parts of the nerv^ous system to

show evidence of a pericerebral investment. This final estabUshment

of the adult cerebro-spinal relationship occurs in pig embryos of

about 26 mm.
The rapidity of the spread of the fluid in embryos between 18 and

23 mm. is apparently due to the marked acceleration in the rate of

production of the ventricular cerebro-spinal fluid, which is coincident

with the fonnation of the chorioid plexuses of the third and fourth

ventricles. As soon as these tufts develop, the fluid is produced in

amounts that far exceed the quantities for which the more slowly

enlarging ventricles can provide.

At no time was there evidence of the passage of cerebro-spinal fluid

from the ventricular system into the pericerebral and perispinal space

through any place except the two localized areas in the two portions of

the rhombic roof. These two opendymal areas both represent intact

membranes, and are apparently differentiated for the passage outward

of the ventricular fluid. Both are differentiated at a sUghtly earlier

stage than that at which they function actively. In the smaller

embryos the superior area membranacea fulfills by far the more promi-

nent funtion, but after the establishment of the lower point of fluid-

passage it undergoes regressive changes. The area membranacea
inferior continues to develop and function actively. It gradually

forms, with increasing growth of the embryo, a caudal projection

beneath the cerebellum. This inferior area in the roof gradually occu-

pies with its differentiated ependynia the whole velum chorioideum

inferius, and remains as a functional membrane during early fetal life

and possibly throughout the adult existence.

Along with the investigation of the spread of the cerebro-spinal fluid,

a study was made of the character of the tissues through which the

spread occurred, and a full description of the development of the

cerebro-spinal spaces in the pig and in man is given in Dr. Weed's

papers. He describes the subarachnoid spaces as developing out of the

periaxial mesenchyme. This process involves the transfonnation of

the small "tissue-spaces" of the mesenchyme into larger subarachnoid

channels.

The first signs of the differentiation are seen in the basal portion of

the skull, in the region around the medulla oblongata, and consists

of a gradual increase in the size of the mesh. At first the process

appears as a mere spreading apart of the cell-bodies on the introduction
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of more fluid into the so-called tissue-spaces. After the length of

18 mm. is passed—at which stage a great augmentation in the extra-

ventricular spread of the cerebro-spinal fluid occurs—the phenomenon
of the disruption of the mesenchymal strands in the peribulbar tissues

may be made out. Many of these strands may be observed to have
been broken off, sacrificed to a few larger persisting trabeculse. The
cells that give rise to these disrupted strands appear to recede, until

one of the larger surviving elements is reached, when they adhere and
apparently aid in the future production of a permanent arachnoidal

trabecula. But associated with this breaking-down of the mesen-
chymal mesh, and with this formation of a smaller number of persisting

strands, there occurs another phenomenon of great importance. The
larger meshes foraied by the process appear to be filled with a fluid

much richer in protein than that contained in the original (much
smaller) interstices. This fact is proved by the great quantity of the

albuminous coagulum found, on histological examination, in all of the

enlarged spaces in the tissue. The occurrence of this large amount of

albuminous coagulum is apparentlj^ related directly to the distribution

throughout this tissue of the embryonic cerebro-spinal fluid; for this

embryonic fluid is very rich in protein material, as can be seen by the

partial filling of the embryonic cerebral ventricles with the clotted

albumin. In this respect the embryonic fluid differs markedly from
that of the adult, in which the protein-content is suprisingly low.

While these spaces are in process of formation the cell-bodies of the

disrupted mesenchymal elements adhere to the persisting arachnoidal

trabeculse and gradually become transformed into the typical cuboidal

mesothelium of the subarachnoid spaces. The very useful term
"arachnoid membrane" is introduced to designate the outer intact

membrane of the arachnoidea as distinguished from the arachnoid

trabeculse. This portion of the arachnoidea first appears as a distinct

line of mesenchymal condensation separating the mesenchyme into the

primitive arachnoid and dura mater. This rather thin zone of cellular

density in reahty represents not only the outer surface of the arach-

noidea, but also the inner surface of the dura mater. At first these

develop in close fusion, but as the length of 50 mm. is attained in fetal

pigs, a separation of the two membranes over the cerebral hemispheres

becomes possible. At this stage also a mesothehal polygonal cell-

pattern may be made out on the inner surface of the dura by means of

silver-nitrate reductions. With this cleavage of the two surfaces, the

arachnoid membrane is rapidly differentiated, forming an intact layer

over the subarachnoid spaces. The cells covering the surface mem-
brane seem to change gradually into cells of cuboidal type, similar to

those covering the arachnoidal trabeculse.

During the year three papers have been published that deal with the

embryology of the internal ear. Two of these are on the endolymphatic
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appendage, and one is on the development of the tissue-spaces sur-

rounding the membranous labyrinth.

The development of the endolymphatic appendage in the turtle

{Chrysemys marginata) has been described by Professor Keibel. His

observations refer particularly to the relation existing between the

appendage and the area at which the ear-vesicle finally becomes

detached from the skin. This problem involves the homology of this

appendage as it is found in the different vertebrates, and concerning

which there has been active discussion during the past few years.

Professor Keibel maintains that the place at which the ear-vesicle

detaches itself from the skin has a direct bearing on the question of the

homology of the ductus endolymphaticus—a view contrary to that

generally expressed by other recent writers. He finds the ductus

endolymphaticus to be an homologous structure in amphibians,

reptiles, birds, and mammals, although it is not always a morphological

equivalent. In these fonns (such as Anura and Ascalahota in which

certain portions of the endolymphatic appendage undergo special devel-

opment) such parts early make their appearance as projecting pouches

peripheral to the point of separation from the skin. These parts have

no homologues in selachians, but already exist in them in an indifferent

condition, as a portion of the ductus endoljTiiphaticus.

Some interesting features in the development and topography of

the endolymphatic appendage in the human embryo have been pub-

lished by Professor George L. Streeter. An important capillary plexus

is associated with the appendage, the character and communications

of which are described by Dr. Streeter for the first time. He finds

that throughout the greater part of fetal life the endolymphatic

appendage is ensheathed in a vascular plexus, the plexus endolymphat-

icus, which anastomoses on the one hand with the vessels of the rest

of the labyrinth, and on the other with the transverse sinus, into which

it drains through several openings. This plexus makes its appearance

at about the time of the differentiation of the appendage into its adult

subdivisions of duct and sac. It can be plainly recognized in embiyos

30 mm. long. In embryos 50 mm. long it is well-developed and at that

time forms a closely-meshed web completely investing the appendage,

whereby the latter is virtually inclosed in a sheet of blood, from which

it is separated only by the endothelium of the blood-spaces. In the

course of its further enlargement and development in embryos 100 mm.
long and over, the endolymphatic plexus becomes resolved into a few

principal channels, connected with which there remain parts of the

original plexus. The plexus persists notably in the neighborhood of

the endolymphatic sac. One of the most constant channels developed

through the endolymphatic plexus is the one forming the so-called

vena aquajductus vestibuli. This fonns along the side of the endo-

lymphatic duct and the posterior margin of the endolymphatic sac and
constitutes a direct communication between the vascular plexus sur-
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rounding the labyrinth on the one hand and the transverse sinus on the

other. It may be a single or a multiple channel. Through it are

drained the plexus of the endolymphatic sac and some of the dural

veins of the immediate neighborhood.

A communication concerning the development of the tissue-spaces

around the membranous labyrinth has been pubhshed by Dr. Streeter.

The largest of these are the scala vestibuli and the scala tympani.

Their development was traced in human embryos from the earhest

stage up to the adult type. The important fact was estabhshed that

in their formation they follow a definite morphological plan. They
spread from two foci, the larger one beginning as a rounded sac lying

opposite the foot-plate of the stapes and lateral to the sacculus, from

which point it subsequently spreads upward over the utricle and also

downward along the apical side of the cochlear duct to form the scala

vestibuU. The other focus is near the fenestra cochleae, whence it

spreads along the basal side of the cochlear duct to form the scala

tympani. These foci can be definitely outlined in fetuses 50 mm.
long. In 85 mm. fetuses the two scalse extend spirally downward along

the cochlear duct to a point three-fourths of its last turn from the tips

of the duct; they do not communicate with each other. In fetuses of

130 mm. they extend to the tip of the cochlear duct and open into each

other, thereby forming the helicotrema.

Although the spaces around the membranous labyrinth resemble in

their histogenesis the formation of the subarachnoid spaces, they can

not be regarded as an extension of these, because their development

is in loco and independent of them. In the latest stage examined

(130 nmi. crown-rump length) the communication ^dth the sub-

arachnoid spaces has not yet been estabhshed.

Several papers have been pubhshed during the year on the anatomy
and development of the nervous system. They include a morpho-
logical study of the inferior olivary nucleus in the human fetus; the

vestibular and optic mechanisms and their relation to the falhng

reflex of cats; a chnical study of the Gasserian ganghon; and a study of

the development of the pharyngeal pouches in the turtle, in which

special attention is devoted to the neural placodes.

Professor George B. Jenkins has contributed a study on the anatomy
of the inferior ohvary nucleus of the brain, which forms a continuation

of the studies on this subject previously pubhshed from this laboratorj^

Dr. Jenkins has approached the subject from the embryological side,

and gives a morphological description based on reconstructions of the

ohve and its accessory nuclei in a human fetus, 280 mm. crown-rump
length. His study also takes into consideration other fetuses belong-

ing to the Carnegie Collection, in which the olive was studied but not

reconstructed.

Doctors H. R. MuUer and Lewis H. Weed have pubhshed an experi-

mental study on the rotational reflex by which cats are able to turn
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in the air while falUnp; and to land squarely on their feet, together with

a correlation of the anatomical factors concerned with this reflex.

These investigators find that either the vestibular apparatus or the

optic system is able to give rise to impulses during falling that result

in rotation of the cat in the air; and they conclude that both of these

mechanisms are nonnally employed during such a fall. If either the

vestibular apparatus or the optic system is experimentally eliminated,

the lack does not interfere with the reflex; but if both are deprived of

function, the reiiex does not take place. Regarding the anatomy of

the efferent pathways concerned in this reflex, it was estabhshed that

either the complete removal of the cerebrum or the removal of the

whole cerebral cortex abolishes the reflex. Ablation of both motor areas,

however, does not interfere with the reflex, a finding which indicates

that the cortico-spinal tract does not participate in the mechanism.

A paper on the Gasserian gangUon has been pubUshed b}^ Dr. CM.
Byrnes, in which he reports certain features of the topography of the

ganglion, and describes an instrument which enables him to reach the

foramen ovale with greater accuracy and safety. It also reduces the

degree of \dsualization necessary in making injections into the ganglion

in the treatment of trigeminal neuralgia. He describes the changes

that occur in the nerve-trunks and the gangUon as a result of alcohol

injections.

An investigation by von Alten on the development of the pharyngeal

pouches in Chrysemys marginata has been pubhshed. It is a descrip-

tive study including four embryonic stages—5 somites, 14somites, 18-19

somites, and 22-23 somites, respectively. The author's intention was

that this should be prehminary to a study on the histogenesis of the

thymus. This plan unfortunately could not be carried out. At the

outbreak of the European war he joined the army, but suffered a return

of a previous sickness and died on April 3, 1915. His work has been

published by Professor Keibel.

The study of the anatomy of human embryos has been facilitated in

this laboratory by the development during the past few years of new
technical procedures, which enable us to reconstruct mechanically the

different parts of the embryo with much greater accuracy than had

previously been possible. An account of these unprovements has been

pubhshed by Professor Lewis, by whom they have, for the greater part,

been devised. His paper gives the technique now used in photo-

graphing sections, estabhshing guide-planes for reconstruction by

means of the external fonn, and the preparation of wax molds, in

which are made pennanent plaster-of-paris casts of any of the parts

desired. It is the permanency and accuracy of these casts that consti-

tute their superiority over the ordinary wax-plate reconstructions.

Dr. Lewis includes in his paper many technical points and formulae

tihat are of value in photographic and wax-plate procedures.
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Among the principal advances of the year have been: (1) the origin

from a hne of parthenogenetic entomostraca of a strain that produces
both sexes, in the same individual, in varying proportions; and the

analysis of this condition; (2) the demonstration that, so far as studied,

similar factors occupy siixiilar chromosomes and have similar intra-

chromosomal relations in various different species of Drosophila,

affording additional evidence of the fundamental nature of the struc-

tural mosaic of the germ-plasm; (3) the unraveling of the germinal

factors present in the yellow daisy (Rudheckia hirta) and the study of

the numerous mutations that are arising in our strains
; (4) the demon-

stration that the blood-plasma of fowls differs in the two sexes in fat

and phosphorus content in the same way that pigeon eggs of pros-

pectively different sex differ; (5) the demonstration of the inferiority,

in solving the problems of the multiple-choice apparatus, of the off-

spring of alcoholic as contrasted with non-alcoholic parents; (6) the

demonstration of dominant shortening factors in the genetic control of

human stature
; (7) the completion of the second volume of the unpub-

lished scientific work of Professor Whitman.

STAFF.

The work of this Department during the present year has been

carried on by seven resident investigators and various associates and
assistants. Staff meetings have been held weekly, at each of which a

member of the staff reported on his own work. In addition to his

other duties the Director has continued his analysis of the data of

human inheritance, especially stature and the elements of success in

achievement. In this he has been assisted by Miss Mary T. Scudder.

Dr. J. A. Harris and his assistants have made an investigation of

selective death-rate that has required the raising of 600,000 seedhng

beans. He has also spent some weeks in the Everglades region of

southern Florida and in the neighborhood of the Desert Laboratory,

southern Arizona, studying the physico-chemical properties of vege-

table saps in their relation to environmental factors. Dr. A. M. Banta
has continued the cave experiments, but has put most of his time on the

work of selecting daphnids for sensitiveness to light, continuing

parthenogenetic strains, attempting to control sex, and breeding sex

intergrades. Dr. Riddle has continued his editorial work on the

Whitman manuscripts and data and his studies on the control of sex in

pigeons. Dr. E. C. MacDowell has carried on investigations into the

modifiability of the germ-plasm and the effects of ''selection" in the

*Situated at Cold Spring Harbor, Long Island, New York.
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modification of a Mendelian unit. Dr. Metz has made progress in his

study of the evohition of the chromosome groups in flies and in the com-
parative factorial structures of chromosomes of related species. Dr.
Blakeslee is making genetical studies on a wide range of flowering plants.

REPORTS ON INVESTIGATIONS.

THE GERM-PLASM ANDIITS MODIFICATION.

COMPARATIVE STUDY OF THE CHROMOSOME GROUPS IN DIPTERA.

Dr. Metz reports as follows:

"The chromosomes of Diptera, unlike those of most animals, are normally
arranged in symmetrical pairs, the two members of each pair remaining in

close association with one another during the greater part of the life of the fly.

Stages were studied all the way from the egg to the adult, and in each the same
paired association was found. During maturation these pairs undergo a
reduction division essentially like that in other insects (a fact previously
described by Stevens), and the two members go into different germ-cells.
It appears, then, that the egg and the sperm contribute equivalent sets of

chromosomes, and that in the fertiUzed egg corresponding members of the
two sets become associated in pairs and remain associated throughout the life

of the new individual. This is made extremely probable by the fact that in

many cases the chromosomes are of different sizes and shapes and may be indi-

vidually identified. In all cases (save X and Y in the male) the two members
of a pair are alike in size, form, and behavior. Indeed, in one species it is

possible easily to distinguish each individual pair from every other, and to see
that every chromosome associates with its corresponding mate. If the chromo-
somes are genetically continuous, as there is great reason to beheve, then these
facts leave no doubt that in the flies each chromosome from one parent pairs
up and remains associated with its mate from the other parent.
"A careful study of these phenomena—especially the evidence from tetra-

ploid groups, as given in the paper—lends considerable support to the hypothe-
sis that pairing is the result of a constitutional (chemico-physical) similarity or
likeness between corresponding members, i. e., each chromosome seems to have
a definite make-up, similar to that of its mate, but different from that of the
others; hence it associates with its particular partner and with no other.

"Obviously these results lend material support to the theory that Mendelian
factors are located in the chromosomes—a theory necessitating just such a
definite qualitative structure and individuality as that which appears to exist
in these flies.

"In connection with this investigation it became of considerable interest to
learn the distribution of the phenomenon of chromosome pairing; and for this

reason the study became much more comprehensive than it would otherwise
have been. It involved about 80 species, from among the highest to the
lowest families of Diptera. The chromosome behavior was found to be the
same in all of them, leading to the conclusion that the paired association is

characteristic of the order Diptera."

COMPARATIVE STUDY OF CHROMOSOMES THROUGH THE GENUS DROSOPHILA.

Dr. Metz has also undertaken a comparative study of the chromo-
somes in the genus Drosophila. In its entirety this study is a very
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extensive one, which would require years for its completion, owing to

the great number and wide geographic distribution of the species.

As a contribution to this topic. Dr. Metz has sent to press a paper
which includes descriptions of 12 distinct types of chromosome groups,

distributed in about 30 species that have been studied.

GENETICAL STUDIES ON TWO SPECIES OF DROSOPHILA.

Dr. Metz has selected two species of Drosophila that have different

chromosome groups from D. ampelophila for comparison of genetical

behavior in the three. He has secured at least 16 mutations in these

two species within the last 12 months. In the species (as yet unnamed)
upon which most time has been spent 14 or more mutants have appeared
and are now being studied, and some very significant facts have already

appeared, even though some of the most interesting features still remain
to be investigated.

"First and foremost appears the fact that some of the mutants in this

species are almost exact replicas of some in Drosophila ampelophila (studied
by Morgan, etal.), although the two species are in many ways very different.

Not only this, but in so far as they have been studied these characters fall into
similar groups on the basis of linkage. The most definite evidence of this

kind is shown by the sex-linked characters (which have been studied more
fully than the others). Two characters, "yellow" body-color and "forked"
bristles, are, so far as their characteristics show, almost exact duplicates of the
same (named) mutants in ampelophila, and a third character, "magenta"
eye, may perhaps bear a similar relation to that called "garnet " in ampelophila.
In both species these three characters are sex-linked. Furthermore, it seems
probable from evidence now being obtained that they show similar linkage
relations to one another in both cases. The evidence is not yet complete, but
it suggests that the factors compose a similar linear series in each species.

This, if it proves to be the case, can only be considered as indicating that
these two species possess a similar germinal organization, and that the
organization is a permanent feature; that is, a genetic continuity of germinal
structure, in so far as the factors are concerned, will be shown to exist in the
Drosophilas. If the sex-linked factors are located in the sex-chromosome
(X-chromosome) , as seems altogether probable, then this would mean that
the sex-chromosomes in these flies are genetically continuous; that they must
be transmitted essentially unchanged from one generation to another and
from one species to another in the course of evolution.

"A brief review of these results has been pubhshed in Science, and a more
detailed report is in press in Genetics.

"Further work with this new species and with the others I am studying
offers a most promising field for further investigations. It remains to be seen
whether the number of linkage groups in these will correspond to the chromo-
some number, as in ampelophila, and whether the euchromosomes can be
related to those in amelophila as can the sex-chromosomes. Since the number
and size relations of the chromosomes are different in each of the three species,

some very interesting questions are involved. Likewise, it will be of impor-
tance to learn whether or not the two sexes differ in respect to " crossing-over"
in my two species as they do in ampelophila, and whether this is correlated

with observable cytological evidence. In fact, a wealth of promising lines
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is now opened up and, what is most important, the study has ah-eady

progressed far enough to make it reasonably sure that the results may actually

be obtained."

EXPERIMENTAL MODIFICATION OF THE GERM-PLASM.

The attempt to induce changes in the germ-plasm of rats by means of

alcohol vapor, described fully in the Year Book for 1915, page 130, has

been continued by Dr. MacDowell. An abstract of his work to that

date was published in Science, November 12, 1915, and is reprinted here:

"The purpose of this investigation is to compare the mental capabilities of

rats whose parents were alcoholic with those of rats of normal parentage.

It is commonly claimed that, in man, the children of alcoholics are less teach-

able than children of normals. However, the exceeding difficulty of obtaining

genetically comparable controls in man makes the study of a lower animal,

although vastly different psychologically, of great interest, since double first

cousins—the closest relationship possible for such comparisons—can be

used. The first criterion used for judging mental activity has been habit for-

mation in a Watson puzzle-box. The habit to be learned consists of a trip

to the rear of the box, breaking an electric circuit, and so opening the

front door, and, returning to the front, entering the box for the reward of

food. The data recorded consist in the times required to open and enter the

door of the puzzle-box. Each rat has been given 225 trials; 145 rats have been
employed in this training. The data, summarized in various ways, have
been represented by graphs. Awaiting the results of a second set of training

experiments of a different nature, which are being conducted as a check on the

first method, no general conclusions are given and only provisional conclusions

are drawn about the present work."

The following additional conclusions have been reached:

"First, it is clear that breathing the fumes of alcohol for 90 minutes a day
for 100 days does not cause rats to produce young with any sort of physical

abnormalities that can be observed. It has also been determined that, for

judging the mental valuations, different tests may give opposite results, and
the most closely related pairs of families may give opposite results, even when
tested by the same method. In the light of these facts it immediately becomes
apparent that no final answer to the main problem can be justified until the

relative values of the different tests have been established and something is

known of the range of variations in mental ability that may be normally

inherited in white rats.

"In support of the above conclusions the following examples are cited:

Experiment I includes a litter of rats from normal parents and one from
alcoholized parents. The fathers were brothers, the mothers sisters, so that

the offspring were double first cousins. Experiment II includes two corre-

sponding litters, similarly related, from normal and alcoholized parents.

Moreover, the fathers in this experiment were brothers to the mothers in

experiment I. Therefore the relationship between the normal litters in

experiments I and II was just as close as that between the two litters in each

experiment; they were all double first cousins, all from the same grandparents.

"However, although the alcoholized parents in both experiments were
similarly treated, and although the training of all the offspring was alike, in

experiment I the training with the puzzle-box showed from every standpoint

that the rats from the alcoholized parents were more successful than the rats
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from normal parents, while in experiment II similar criteria indicated that the
normals were more successful than those from alcoholic parents. Data are
quoted in the following table to support this statement. There are five

methods of comparison: (1) the average time per trial of all the trials; (2) the
average time per trial for the last ten trials; (3) the average number of " perfect

trials" (4 seconds or less); (4) the average number of "perfect days" (3 trials

of 4 seconds or less); (5) the number of rats with three successive "perfect
days."

Puzzle-box results for experiments I and II.
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records of the paths taken by the rats. Two large-sized mirrors are suspended
over the maze in such a way that the rays of Hght from the illuminated maze
are twice reflected and passed through a lens in the top of a small camera-

box. Inside this box the image of the maze is projected upon the record

sheets. As a rat travels about in the maze its image is followed with a pencil

on the record sheet, and in this way an accurate record of every trial is

Multiple-choice apparatus—Rats
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ing which will enable the rats to be fully tested before the age of the high

incidence of tuberculosis.

"The table following gives some idea of the number of tests made in getting

evidence as to the relative intelligence displayed by the offspring of alcoholized

and of non-alcoholized rats."

Insufficient funds have prevented the continuance of the experiment

on the modification of the germ-plasm by extremes of atmospheric

conditions. Meantime the plant is being maintained in good condi-

tion for future use. Even though we may have doubts of getting

positive results, still, in view of the assurances of other biologists that

they have gained modifications by this means, it is eminently our work

to make the trial.

THE SIGNIFICANCE AND CONTROL OF SEX.

SEX IN BIRDS.

To this Station seems to have fallen the opportunity of demonstrat-

ing that the current view that sex is determined solely by the sex-

chromosome is too narrow. It is chiefly Riddle who is developing this

field. A summary of his results were presented before the American

Society of Naturalists at the Columbus meeting and has been recently

published in the American Naturalist under the title: "Sex control

and known correlations in pigeons." In this is set forth 10 fines of

evidence that the inherent tendencies of the fertilized egg in respect to

sex may be altered by other factors. Riddle's chemical studies on

eggs destined to produce males or females, together with a review of the

literature, have led him to the conclusion "that sex-control, in the

several forms in which it has been accomplished, has been accompfished

fundamentafiy by the same means in all—a changed metabofism, in

which a higher water-content of germ and higher metabolism for male

production, and lower water-content and decreased metabolism for

female production have been definitely shown to be associated in a

number of instances." He concludes:

"The studies that have thus far been made on sex, and on the experimental

control of sex, in pigeons go very far, we beheve, towards an adequate demon-
stration that germs prospectively of one sex have been forced to produce an

adult of the opposite sex; that germs normally female-producing have, under

experiment, been made to develop into males; and that germs which were

prospectively male-producing have been made to fomi female adults. That

neither selective fertilization, differential maturation, nor a selective elimina-

tion of ova in the ovary can account for the observed results. Further, and

perhaps of more importance, these studies throw much new light on the

nature of the difference between the germs of the two sexes. This difference

seems to rest on modifiable metabolic levels of the germs; males arise from

germs at the higher levels, females from the lower; and such basic sex-differ-

ences are quantitative rather than qualitative in kind."

Of special interest, as demonstrating the chemical basis of sex, is a

paper published by Riddle and Lawi'ence, Sexual differences in the
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fat and phosphorus content of the blood of fowls, {American Journal

of Physiology, vol. 41, 430-437). They show that in adult male fowl,

non-laying females, and females laying eggs the relative amounts of

phosphorus are as 100:115:205, and the alcohol-soluble fractions (fat)

are as 100:116:181, respectively.

"When one begins from the point of vantage of the demonstrated initial

difference in storage metabolism (particularly of fat and lecithin) of male- and
female-producing ova of the pigeon, it is clear that every new and subsidiary

hypothesis are unnecessary for the general understanding of manj^ hitherto

puzzling sex phenomena. A higher fat-content of the blood of woman, female
crab, and hen than of man, male crab, and cock is [my view] the expected
result of a mere continuance or persistence of the observed relative powers
of the eggs."

SEX INTERGRADES IN CRUSTACEA.

Dr. Banta has found that in the midst of a parthenogenetic series of

Dap/mia-like forms—a species of Simocephalus—there occurred a

female which produced some normal males and also some of mixed or

intergrading sex. The animals are transparent, so that the constitu-

ents of their sex-glands may be seen; in addition 8 secondary sex-

characters are recognized. As for the 2 sex-glands, they may be of

the same or of opposite sex. Even one and the same gland may pro-

duce sperm at one time, eggs at another, or spenn and eggs simul-

taneously. As for the 8 differentiating secondary sex-characters,

they may be all such as belong to one sex, or 1, 2, 3, or 4 may belong

to one sex and the remainder to the other. Most of the possible

combinations of primary and secondary sex-characters are reahzed in

the sex-intergrades studied; e. g., female intergrade, normal except for

one male secondary character; female intergrade, with several or all of

its secondary sex-characters those of a male; hermaphrodites with vari-

ous combinations of secondary sex-characters; male intergrades with

several, though never as many as 8, female secondary sex-characters;

male intergrades with a single female secondary sex character.

"The percentages of the various sexual types produced by different mothers
varies greatly. In general there is some relation between the secondary sex-

characters of the female intergrade and the sex array and the proportions of
each type in her offspring. Female intergrades with few male characters tend,
in general, to produce fewer males and male intergrades than female intergrades
with several male characters. Some of the female intergrades with a large

number of male secondary characters are almost sterile. Many others, includ-
ing nearly all those with as many as 6 or 7 male secondary characters, are
entirely sterile. None with 8 male secondary characters have been known to
produce young. The sterile female intergrades produce eggs, but the eggs fail

to complete their development in the brood-pouch, or, as in the most extreme
female intergrades, the ovarian development of the eggs is not completed and
the eggs disintegrate within the ovary.
"The testes in the male intergrades frequently do not contain large amounts

of sperm. In such individuals the sperm-ducts are frequently lacking and the
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testes shorter than noraial. In the majority of the male intergrades some
such abnormahty exists in the reproductive system. These details are given

to show how complete a series the sex intergrades really form.

"Sex here reveals itself not as a fixed and definite state, but as a purely

relative thing. With this material no arbitrary classification into males and
females is justifiable or possible, not only because of the confusing admixtures

of male and female secondary characters, but also because the same individual,

even the same sex-gland, may develop eggs and sperm at the same time or

sperm at one time and eggs at another time.

"By selecting as mothers female intergrades with several male characters

the production of sex intergrades has been continued for 19 generations.

There has been no apparent reduction in vigor or change in the character of

the offspring produced, and (contrary to my earlier expectations) it is now
hoped that the material may be maintained as long as desired.

"Several normal females from the sex-intergrade stock produced only

normal females, and from these only normal females were produced throughout
succeeding generations. The origin of the sex-intergrade strain may be re-

ferred to as a mutation. The origin of all-female-producing strains from within

this sex-intergrade stock is a return mutation. Several of these return muta-
tions have been observed and probably others occurred but escaped observa-

tion, since some of the mutants were not used in propagation of the stock.

"On another point the occurrence of these sexual forms (in the sex-inter-

grade strain) throws important light on the problem of sex in Cladocera,

indicating that the capacity for sexual reproduction is not lost after long-

continued parthenogenetic reproduction (130 generations). Furthermore,
the origin of subsidiary lines within the sex-intergrade strain which produced
normal females exclusively (except that in the thirteenth and fourteenth

generations of one of these all-female-producing strains several normal males
were produced) indicates rather clearly that the sex-intergrade strain did not
occur in stock which had lost or had undergone any retrogression in sexual

capacity."

The similarity of the general results as to sex obtained by Doctors

Riddle and Banta is obvious. Combined with the observations of

Goldschmidt on gipsy moths they lead to the conclusion, which Dr.

Banta draws, that probably siixiilar but less readily recognizable inter-

mediate sexual states may be of somewhat common occurrence and
that sex in general is a much less fixed and precise state than is com-
monly supposed.

In the case of the sex intergrades of Siinocephalus it is not main-

tained that they were brought about by external conditions. They
suddenly appeared and were continued because of some change in the

germ-plasm. But, as hinted at in Year Book No. 14, page 133, there is

evidence that the exclusively female-producing series may be inter-

rupted and males made to appear with special changes in the environ-

ment. On this point Dr. Banta reports:

"This evidence came in part from the fact that the very few occurrences

of sexual forms among the stock began at times of poor experimental condi-

tions—poor food or otherwise inferior breeding conditions. The sex-inter-

grade strain originated after the continuation for several generations of

conditions unfavorable to Simocephalus. One strain of the 'long spine'

Daphnia, after three or four generations of depression, produced a relatively
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large nuniljcr of males. In one ease a Svild' Daphnia pulex, immediately
after having been brought under laboratory conditions, produced a large

prej^onderance of males. Some discarded Daphnia pulex in a neglected jar

long left standing in the laboratory produced males at a time when none of

the 18 Daphnia pulex lines receiving the usual laboratorj'^ treatment showed
any tendency to the production of sexual forms. The above were the cases

of the occurrences of sexual forms during the past year. The few earher

appearances of sex forms in my cultures were under similar circumstances."

In the sex-intergrade stock similarly modified sex-ratios occurred

contemporaneously in the ofTspring of large numbers of mothers; but

whether this result is due to a similar change of environment acting

on all lines or to simultaneous mutation is uncertain.

The following Unes of Cladocera are being bred in Dr. Banta's

laboratory:

Species.
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THE INHERITANCE OF GERMINAL PECULIARITIES.

GENETICAL CONSTITUTION OF RUDBECKIA.

Dr. Blakeslee has brought to this Station the investigation of varia-

bihty and heredity in the yellow daisy {Rudbeckia hirta), which he has
been making for several years ; this year he had under cultivation over
15,000 pedigree plants. He states:

"Variations in the following characters have been found in wild plants:
Absence of rays and their presence in rather definite numbers from 8 to 30
and to perfectly double forms; mdth of rays; diameter of head from 1 to 5|
inches; color of rays from pale straw color to deep orange; relative intensity
of color in inner half of ray forming a lighter or darker ring; different intensi-

ties of mahogany color at base of ray on upper side; mahogany on under side
of ray; constriction of ray at tip, at middle, or at base—^those constricted at
tip, either rolled in or rolled out to give the "cactus" type seen in dahlias

—

those constricted at base without change in color or characterized by lighter

color or by presence of black pigment on constricted areas; transformation of

rays into tubes, giving 'quilled' type; the position of rays, bending upward,
horizontal, reflexed, straight, or variously twisted; the shape and size of disk;
the color of disk, from yellomsh green through several grades of purple to
almost black; vegetative characters, such as height, branching, size and shape
of leaf, fasciations, etc.

"Evidence from the distribution of the variants in nature and from their

reappearance in sowings from open-pollinated heads shows that most if not
all of these variations are inherited. Certain of these characters appear to be
inherited in simple Islendelian manner; giving 3 : 1 ratios in the F2 generation.
Thus basal ' mahogany ' on the ray acts as a dominant, while a type of redden-
ing of the back and base of the ray v/hich I call ' chocolate ' acts as a recessive.

In both, however, pattern factors undoubtedly exist and are responsible for

the extreme variability in arrangement and intensity of the pigment.
"One character, the presence of yellow in place of the normal purple in the

cone, has proven of considerable interest. I have obtained this variation from
several different localities. The peculiarity seems to be inherited as a simple
recessive. The fact, however, that the yellow-coned plants A crossed with B,
B with C, or C wdth A all produce purple-coned offspring shows that the yellow-
coned forms are not alike genetically. That they differ chemically is indicated
by treatment vnih KOH when the cone flowers of A turn black and those of

B and C turn bright crimson. Since seedlings that are destined to produce
3^ellow cones have no red pigment in their stems, it should be possible to save
considerable time by selection in the seed-pans, and my plans therefore are
to make a more intensive study of this character the coming season.

"We have some 12,000 plants of the jimson weed {Datura slramonium)
under cultivation. Two mutations appeared in our cultures last year which
are being studied. The first is characterized by a globose capsule and broad
leaves and is apparently a recessive. The second has spineless capsules, slit

corollas, and lacerated leaves, and is apparently a dominant. The Daturas
have not yet been recorded this year, and it is therefore not possible to report
upon the behavior of these tj'pes in crosses nor of others that are appearing.
"Among other problems under investigation may be mentioned inheritance

of self-sterility in Rudbeckia, Helianthus, and Verbena, parthenocarpy in

cucumbers, chemical and physical differences between the sexes in dioecious

plants, the annual habit in beets, various characters in Geodetia, Clarkia,

Portidaca, Fraxirms, Betula, Morus, Populus, and Salix."
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HEREDITY IN MAN.

As was the case last year, the Director's main line of research has been

the analysis of data aflforded by the Eugenics Record Office as to the

inheritance of human traits.

Through the generosity of ]\Irs. E. H. Harriman and the organization

of the Eugenics Record Office, it has been possible to undertake a study

of the well-known "Jukes" family from the time of Dugdale's work to

the present—40 years later. The investigation was intrusted to Dr.

Arthur H. Estabrook. Dr. Estabrook's results have been issued as

Publication No. 240 of the Carnegie Institution of Washington. The
main conclusions of this paper are

:

"On the whole, the later descendants of the Jukes, in Connecticut, in New
Jersey, even in Minnesota, still show the same feeble-mindedness, indolence,

licentiousness, and dishonesty; even when not handicapped by the associa-

tions of their bad family name and despite the fact of being surrounded by
better social conditions. This is because, wherever they go, they tend to

marry persons like themselves. On the other hand, the dispersion has led

some of these descendants to marry into better stocks, and this is improving

the quality of the germ-plasm.

"Not merely institutional care, nor better community environment, will

cause good social reactions in persons who are feeble-minded or feebly in-

hibited, although, on the other hand, better stimuli will secure better reactions

from weak stock than will poor stimuli."

The whole study will, it is thought, bring home to those interested in

social progress the grave importance of the constitutional or hereditary

factor in detennining behavior.

The Du'ector has been engaged during the year in a study of heredity

of human stature, a classical topic of research which offers almost

insuperable obstacles to a satisfactory solution in terms of modern
genetic theory. To see if various segments of stature, such as head and

neck, trunk, thigh, and foreleg, are separately and independently

inheritable the Director measured personally two generations in scores

of famihes, chiefly on Long Island, but also in Lexington, Kentucky.

The results are being prepared for publication.

The studies of the Director on the inheritance of elements of human
behavior are being synthesized in an analysis of the life-activities and

output of effective men. This topic demands extensive reading and

analysis of biographies and family histories in order to detennine the

distribution in the family of the significant traits.

HEREDITY IN SHEEP AND POULTRY.

The experiments on heredity of twin-production and multi-nippled

condition have been continued. In the spring, from 10 ewes, 22 lambs

were born, all multi-nippled. As the ewes have 4 functional mam-
mary glands, they were successful in feeding and rearing their young.
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The sheep experiment at the New Hampshire Experiment Station

has been continued. A strain of Hampshiredown-Rambouillet hybrids

has been nearly perfected, and shows in a high degree a union of

especially valuable qualities of fine wool and good conformation. In

addition the second hybrid generation of Southdown-Rambouillet

origin is being produced.

With poultry we are continuing the prolonged selection for ''new

buff," studying the factors present in " bare neck," analyzing the genetic

constitution of certain new rumpless strains and of syndactylism.

There were 184 chicks hatched during the year.

OTHER INVESTIGATIONS.

CORRELATION BETWEEN CHARACTERS OF LEAVES IN NORMAL AND ABNORMAL
BEAN SEEDLINGS.

Dr. J. A. Harris has been breeding a strain of beans that produces

more than the two primordial leaves that constitute the normal

number. His problem was, How do the abnormal and the normal

plants compare in respect to total weight of leaves and sap density?

The results are as follows: When the cotyledons are of the normal

number, 2, but not attached at the same level, the total weight of

the leaf laminse is about 81 per cent of that of strictly normal plants.

In a sample of 100 seedlings, selected for greatest separation on the

stem of the cotyledons, the ratio is 79 per cent. Where there are 3

instead of 2 cotyledons and 2 primordial leaves the leaf-tissue is about

78 per cent of normal. Even when with 3 cotyledons there are 3

primordial leaves in place of 2, the total weight of their laminse is 10

per cent less than that of the normals. In fasciated plants about 25

per cent less leaf-tissue is produced than in normals. As for the cell-

sap, there is not a marked difference in concentration between normals

and abnormals.

CORRELATION BETWEEN HOMOLOGOUS PARTS OF A PLANT.

In plants there is obviously hereditary resemblance between the parts

of one and the same plant. Dr. Harris has determined for the legume

Cercis canadensis the correlations between the number of ovules to the

pod, number of seeds to the pod, number of abortive ovules, etc., from

different pods of one plant, and has compared his results with figures

obtained by other statisticians. The correlation of ovules is higher

in Cercis than in most other species studied; but the correlation in

number of seeds is about the same as obtained in other cases.

VEGETABLE SAPS.

Gortner, Lawrence, and Harris show ("The extraction of sap from

plant tissues by pressure," Biochem. Bull. No. 5, 139-142) that Dixon

and Atkins are indeed right in their caution that a sample of sap
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obtained by pressing untreated tissues can not be considered typical

of the whole sap of the tissue. The authors show that there is a

gradual increase in concentration in successive fractions of the expressed

plant-sap.

Harris and Lawrence have also studied the plant-sap in relation to

environment on the Arizona deserts, to determine the crj'-oscopic

constants. For the region as a whole the average cryoscopic determin-

ants are: trees and shrubs, 28.10 atmospheres; dwarfs and half shrubs,

27.45 atmospheres; perennial herbs, 16.35 atmospheres; winter annuals,

14.73 atmospheres. In relation to habitat the concentration of plant-

juices increases in the following series: arroyos, Pima Canon, rocky

slopes, mesa-Uke slopes, salt-spots.

TABLE OF OSMOTIC PRESSURE BASED ON DEPRESSION OF FREEZING-POINT.

Dr. Harris has extended a table of osmotic pressures of vegetable

saps, based on depression of the freezing-point, from 3.00 to 5.99.

STUDIES IN PERSONAL EQUATION AND STEADINESS OF JUDGMENT.

Dr. Harris, as results of his biometric work, has published two papers

in the Psychological Review, entitled, "Experimental data on errors of

judgment in the estimation of the nmnber of objects in moderately

large samples, with special reference to personal equation" (Nov.

1915), and "On the influence of previous experience on personal equa-

tion and steadiness of judgment in the estimation of the number of

objects in m.oderately large samples" (Jan. 1916). He reaches the con-

clusion that errors in estimation (in the case of 50 beans) are due,

among other things, to personal equation and steadiness of judgment.

In three subjects

—

"There is a slight but significant personal equation, which, notwithstanding

the constant efforts to improve, persists throughout the two years during which
the experiments were intermittently made. For a measure of steadiness of"

judgment is used the coefficient of variation. The subjects differed more
strikingly in steadiness of judgment than in personal equation.

"Personal equation seems to be remarkably little influenced by experience.

In some exj^eriments it increases, in others it decreases.

"Steadiness of judgment is in rather conspicuous contrast with personal

equation in that it is remarkably influenced by previous exjDerience. The
correlations between the number of previous trials within the period and
steadiness of judgment and between the number of previous periods vrithin

the experiment and steadiness of judgment are numerically Ioav, but almost

without exception indicate that as experience becomes greater the scattering of

the individual estimates about their mean value becomes less. Probably the

rate of this change is not uniform, but is most rapid at first and then falls off."

BIOMETRIC MISCELLANY.

The correlation between a series of measures taken in one year and a

series taken a subsequent year may be designated as direct interannual
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correlation. Dr. Harris points out the value of knowing the correlation

in egg-laying, milk-yield, crop-production, and the Uke between first and
second year, as enabling one to predict the second year's performance

from that of the first. A series of illustrative cases is given in ''The

value of interannual correlations" {Amer. Nat., 49, 707-712).

The distribution and correlation of the sexes (staminate and pistillate

flowers) in the inflorescence of certain weeds has been worked out by
Dr. Harris (Bull. Torrey Botanical Club, 42, 663-673) from data of

Cannarella.

Dr. Harris has also pubhshed "An outline of current progress in the

theory of correlation and contingency," in the American Naturalist

for January. Also a note on "standard dairy score-cards" (Science,

Oct. 8, 1915).

"The incidence of the beetle Bruchus on beans" has been studied

incidentally by Dr. Harris. His analysis shows that the larger pods
are more apt to be parasitized, probabty because of some relation of

greater fitness to the size of the beetle.

GENERAL CONSIDERATIONS.

In a subject of such complexity as biology it is often desirable to

spend somie time in synthetic or general analytic discussion. The
Director has written a paper on the topic "The form of evolutionary

theory that modern genetical research seems to favor" (American Nat-

uralist, Aug. 1916), in which the preformation view of phylogenesis—the

view of orthogenesis—is accepted as a very useful hypothesis, and one

with the most numerous probabilities in its favor. Some of the evi-

dence for it is set forth and certain consequences of it as a theory.

A second general paper is an effort hj Dr. E. C, MacDowell to clear

up the differences that have developed between Castle and other

geneticists, or rather to harmonize Castle's views with current theory.

This paper, "Piebald rats and multiple factors," appeared in the Ameri-

can Naturalist, December 1916.

The "\^Tiitman manuscripts have been brought forward bj^ Dr.

Riddle, and, it is expected, will be completed by the end of the year.





GEOPHYSICAL LABORATORY.*
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THE IRON OXIDES.

The great importance of the iron oxides and sihcates as components
of the common rock-forming minerals was pointed out in the annual

report for 1905, and work was begun on ferrous silicate in that year.^

But difficulties were encountered in obtaining data that could be
interpreted, and the problem was held in abeyance while the more
easily accessible lime and magnesia silicates were being studied in

detail. Two years ago the problem was again taken up.

The most important fact in connection with the study of the oxides

and silicates of iron is that gaseous oxygen must be considered as an
essential component. The other common rock-forming oxides (silica,

almnina, magnesia, lime, and the alkalies) can be treated as members
of condensed systems in which the relations are practically unaffected

by the presence or absence of atmospheric gases. The equilibrium

between ferric and ferrous iron, on the other hand, can vary with every

change of temperature and with every change in the amount or

pressure of available oxygen. The relations of the oxides and silicates

of iron can therefore be worked out only in apparatus in which the

pressure of oxygen is under quantitative control. Apparatus for this

purpose has been built and tested and has been described in a previous

report.^

The first phase of the problem is the study of the oxides of iron. The
properties of ferrous sihcate, for instance, can best be worked out by
considering it as a compound in the three-component system sihca-iron-

oxygen. Therefore the two-component system iron-oxygen must first

be understood. This system in itself is of very great importance,

because metallic iron is manufactured almost exclusively from oxide

ores. The properties of the iron oxides are therefore of fundamental
importance to the iron and steel industry, and the genetic problems of

the iron ores, both hydrated and anhydrous, form a subject of constant

discussion among economic geologists.

Ferric oxide (hematite) dissociates at high temperatures, giving off

oxygen and leaving a homogeneous product which may be considered

as a solid solution of magnetite (Fe304) in hematite (Fe203). The
proportion of magnetite in the product depends upon the temperature

and upon the oxygen pressure above the oxide. The lower the oxygen
pressure and the higher the temperature, the more magnetite is found
in the soUd solution. The reaction is strictly reversible, for magnetite

^Year Book 4, page 228 (1905). ^^nnual report, 1915, papers (9) and (10).

Situated in Washington, D. C.
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readily takes up oxj-gen at temperatures above 300° until the equi-
librium proportion at the temperature in question is attained. Mag-
netite is therefore a chemically unstable mineral under atmospheric
conditions, although it may remain unoxidized for long periods, just

as the physically unstable fonns of silica (tridymite, cristobalite)

and of calcium carbonate (aragonite) persist unchanged at ordinary
temperatures after they have once been fomied.

The dissociation pressure of magnetite is extremely low, yet it also

can be dissociated at high temperatures under low oxygen pressure.

The product is intermediate in composition between Fe304 and FeO,
but the exact relations are not yet determined. The properties of

ferrous oxide also are as yet little known. Most of the pubUshed
methods for preparing FeO yield only a mixture of metallic iron and an
oxide intemiediate in composition between FeO and Fe304. The
opacity of all these products deprives us of the valuable aid usually

obtained from the petrographic microscope.

Practically all natural iron oxides, hydrated or anhydrous, contain

a determinable amount of ferrous iron. The proportion ranges all the
way from a few hundredths of 1 per cent of FeO, in some hematites, up
to the percentage in pure magnetite. The amount and manner of

combination of this ferrous iron give important indications of the origin

and history of the oxide, as may be readily seen from chemical consid-

erations. Ores formed by the simple hydrolysis at low temperatures
of ferric compounds will contain practically no ferrous iron. Hematites
of magmatic origin may contain several per cent of FeO. A particu-

larly interesting feature of the latter is the occasional zonal distribu-

tion of the ferrous iron occurring, for instance, in hematite crystals from
the ore deposits of Elba. This zonal growth shows clearly that the
temperature or the oxygen concentration, or both, were changing con-
tinuously in one direction during the deposition of these crystals.

Ferric oxide exhibits a reversible thennal inversion-point at about
680°, corresponding to a magnetic inversion which was already known.
Analogous magnetic inversions occur in metaUic iron and in magnetite,
although at difTerent temperatures and with a very much greater

change in magnetic susceptibility. Some intimate atomic relationship

undoubtedly exists among these inversions in iron and its oxides,

from which increased light on the atomic constitution of the oxides

and the nature of chemical valence may some day be obtained.

The magnetic properties of the oxides offer a most interesting field

for investigation from the standpoint both of geology and of pure
physics. The attraction exerted upon a given weight of oxide by a
magnet is almost directly proportional to the percentage of FeO in

solid solution through the range of compositions from Fe203 to Fe304.

Ferrous oxide not in solid solution in the oxide, however, as in some
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limonites, has almost no magnetic effect. We have here, in the
magnetic siisceptibihty, a criterion of origin to add to the ferrous iron

percentage.

Although ferric oxide has commonly a very low magnetic suscepti-

bility, yet it can be obtained with a susceptibility of the same order of

magnitude as that of magnetite itself by the slow oxidation of magnetite
at low temperatures. One natural example of this ''true magnetic
hematite" (as distinguished from the common magnetic hematite
whose magnetism is due to ferrous iron) has been found. This peculiar

persistence of magnetic properties in spite of a radical change in the

chemical composition points to some fundamental atomic origin for the

phenomena of magnetism, which can perhaps be approached through
the study of these oxides.

There is still another magnetic property about which we know
practically nothing in the natural oxides of iron, namely, polarization

or permanent magnetization. Natural magnets of varying strength

are frequently found in magnetite deposits, although the bulk of such
deposits are entirely unpolarized. These differences shov/ that differ-

ent conditions of origin and history have undoubtedly existed, whose
elucidation waits upon physical and chemical study of the artificial

oxides in the laboratory.

A beginning has been made upon the polycomponent systems
containing ferric oxide as one component, in the investigation of the

system CaO-Fe203. Only two compounds occur in the system:

2CaO.Fe203 and CaO.Fe203. Both dissociate before melting; the

former at 1436° and the latter at 1216°. The eutectic between Fe203

and Ca0.Fe203 melts at 1203°. All mixtures between about 15 and 25

weight per cent CaO, therefore, melt within a few degrees of 1200°.

The properties of this system are of interest in connection with port-

land cement, in which a small proportion of AI2O3 is frequently replaced

by Fe203; and also as a partial basis for the study of various metal-

lurgical slags.

Progress has also been made in the characterization of the different

crystalline hydrated ferric oxides, in connection with the work on
secondary enrichment of sulphide ores.

CALCIUM CARBONATE.

Calcium carbonate is without doubt the most important individual

constituent of the sedimentary deposits, and its mode of deposition

has been discussed, primarily or incidentally, in a very large number
of papers. Nevertheless, despite the attention bestowed upon this

topic, there remain inconsistencies and gaps in our knowledge of it.

In the consideration in this laboratory of the deposition of calcium

carbonate, to which reference was made in the annual report for 1915
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(Year Book No. 14, p. 154), attention has been concentrated upon
two points in particular: (1) the appearance of CaCOa in forms other

than calcite and the conditions under which such other forms may
appear and persist; (2) the solubiUty of calcium carbonate under

various conditions, with particular attention perhaps to its concentra-

tion in and eventual deposition from sea-water. Of the forms other

than calcite the only one of geologic importance at present is aragonite;

but, by reason of the fact that aragonite is an unstable form, it is not

feasible to specify the conditions which really detennine its appearance.

Organic agencies are doubtless responsible for a great part of the

aragonite found in nature, but there is no question that it may some-

times be precipitated in other ways, either at the higher temperatures

or in the presence of certain salts. This work, therefore, though it has

cleared up a number of points which hitherto have been obscure, has

not yet enabled us to make definite, positive inferences from the associa-

tion in which aragonite is found in particular localities.

As a result of the recalculation of the solubility data, the solubiUty-

product constant of calcite can now be regarded as established with

sufficient accuracy, and it is now possible in consequence to compute

the solubiUty of calcite under any conditions ordinarily met with in

nature. Comparison of the results of such computations with the

available analytical data has led us to the behef that the warm portions

of the ocean-water are substantially saturated with calcite, a belief

which carries with it important implications. Of these, two may be

mentioned, namely, (1) that, wherever the sea-water is saturated with

calcite its degree of alkalinity is fixed thereby, and (2) that abstraction

of CO2 from the water, by whatever agency achieved (e. g., by a slight

diminution in the CO2 content of the superjacent air), must result in

the precipitation of a definite quantity of CaCOs. It also follows di-

rectly that such water would be a very efficient regulator of the

amount of CO2 in the atmosphere. The complete validity of this

conclusion ought not, perhaps, to be regarded as definitely established

until more accurate determinations have been made upon sea-water

from a wide range of locaUties; the only data now available were

obtained from a somewhat restricted region and their accuracy leaves

much to be desired. Particularly is this true with regard to the

various existing determinations of CO2, bound and free, when ex-

amined in the light of the conditions of equilibrimn involved in such

determinations. But these errors are no longer unavoidable, and it is

greatly to be hoped that a systematic investigation of the ocean-waters

from this viewpoint may be undertaken in the near future. Such an

investigation is highly desirable by reason of its bearing upon many
biological questions as well as upon the important geologic problems

which we have considered.
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VOLCANIC GASES.

The gases which emanate from the lava basin at Kilauea have been

found on analysis to consist primarily of free sulphur, free hydrogen,

CO2, SO2, CO, H2O, and N2 in varying proportions, but the limits of

variation are such as to indicate that the chief gas-reactions which are

taking place there are these:

1. 4CO+2S02^=^4C02+S2 (a) 2CO-I-S2—-^2C0S.
2. 4H2+2S02^=^4H20+S2 (a) 2H2S^i:^2H2+ S2.

3. H2+C02^i:^H20+CO.

At the outset of our investigation of these gas relations, the water-

gas reaction (3) had been studied (Haber) and could be accounted

estabhshed. The dissociation of hydrogen sulphide (2a) had also been

detemiined, but the literature bearing on the other reactions was mea-
ger and contradictory. Some of the chemical constants of SO2 were

also unknown, so that it was quite impossible to calculate, even approxi-

mately, the reactions 1 and 2. The paucity of our knowledge of a gas

so important, both scientifically and technically, as SO2, indicated at the

outset that many difficulties lay in wait for the investigator in this field.

In passing it may also be noted that a successful study either of

reaction 1 or reaction 2 would render feasible a calculation of the other

with a fair degree of accuracy and also would give the much-desired

data concerning SO2.

After preUminary investigation, the reduction of SO2 by CO, i. e.,

reaction 1, was selected for study, for the reason that it seemed to

present less experimental difficulty than the other, and also because

it is itself the basis of many of the sulphur-recovery processes used in

the industries and is therefore not altogether unfamiliar.

The usual analytic methods were not immediately applicable, never-

theless, for while methods of detecting small amounts of the gases

involved are known, they are not suitable for the accurate determina-

tion of their amounts. The necessity which thus arose for the develop-

ment of new methods and apparatus had to be met before any advance

could be made upon the real problem.

From the nature of gas-reactions it is evident that great difficulties

will always attend the procuring for analysis of volcano-gas samples

which can be assumed to retain the original composition which they

had in the reaction-chamber at the high temperatures there prevailing.

There is also the difficulty of differentiating between changes due to

cooling and those due to catalysis when it happens that these changes

are in the same direction, as in reaction 1. Fortunately, it was found

that they are not in the same direction in the case of the subsidiary

reaction

(la) 2CO+S2^=i2COS.
Studies of mixtures in which this reaction participates are therefore

competent to clear up this phase of the problem.
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This is a conclusion of prime importance, for had there been any
uncertainty upon this one point, or liad the issue perchance turned out
othenvise, the integrity of the test material and the possibility of reach-

ing definite conclusions regarding the reactions within this particular

group of gases at the temperatures and under the conditions obtaining

in an active volcano were vitally threatened.

The detailed study of the reaction 1 (a) was accordingly undertaken,
and the investigation at one temperature (1000°) may now be con-

sidered successfully completed. The work is to be extended to higher

temperatures for the purposes of obtaining confirmatory data, but there

is no longer any reason to anticipate possible failure, nor, indeed, any
undue delay in obtaining a solution for tliis very difficult problem.

This infoniiation when obtained wall enable us to indicate the role

which these gas-reactions play in volcanic activitj^ like that at Kilauea,

and to settle the question whether or not they are to be regarded as the

source of any considerable portion of the energy dissipated there.

The prefiminary data at present available confirm the viev/ set forth in

Year Book No. 12, page 128, namely, that a considerable portion of the

energy of volcanic activity originates in the gas-reactions wdthin the

magma chamber and its various outlets.

Field observations of different phases of volcanic activity have been
made within the year at Stromboh and Vesuvius in Italy, at Lassen
Peak in northern California, and at Kilauea and Mauna Loa on the
island of Hawaii. Lassen Peak appears now to have concluded
the period of explosive activity which began so unexpectedly in May
1914. The visible activity on the mountain during the past season
was confined to steam fumaroles, in which feeble traces of HCl and HoS
were occasionally to be detected. Perhaps in compensation for the
absence of explosive phenomena, the hot springs at the base of the
mountain afforded a splendid opportunity to study natural pyrite

formation in all its phases, of which full advantage was taken.

The eruption of Stromboli during the autumn and early winter of

1915 proved to be unusual both in character and intensity. On several

occasions during nearly five months of activity, lava flowed down the
Sciarra from the principal vent to the sea in continuous streams.
Opportunities to see a stream of incandescent lava in contact with
water have been rare in the history of modern volcano study. Both at
Stromboli and at Sakurashima in 1914 liquid lava was observed to

continue its flow under water without explosive violence, or indeed
any manifestation whatever, at the surface of the water, of what was
taking place below. A quickly cooled porous sheath of quasi-flexible,

vitreous lava forms about the stream, which is sufficiently non-con-
ducting to confine the great body of heat within the flowing stream and
to release it gradually. The inmiediately adjacent water show^ed but
a few degrees rise in temperature. No gas-bubbles reached the surface.
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This eruption also afforded opportunity to correct a long-standing

misconception of the significance of certain cloud phenomena com-
monly observed and recorded. The density of the cloud v/hich

emerges from the crater is by no means always a measure of the

activity within, and indeed sometimes bears no relation to it. The
approach of a cold, moisture-laden wind causes an immense apparent
increase in the volume of emerging ''smoke," which has no other origin

than the condensation of the moisture by volcanic emanations. When
the atmosphere chances to be near the saturation-point it will condense
in massive white cumuli on coming within range of the volcanic dust,

which gives the impression of a great increase of activity without any
change whatever in the conditions within the crater. This observa-

tion vitiates in large measure the usefulness of any continuous record of

volcanic activity which is based upon the apparent volume or height

of the cloud from day to day.

At Vesuvius there is at present continuous activity in two adjacent
openings in the crater floor about which a cone of scoriaceous matter
and lava-splashes has formed which has now reached a height of about
85 meters. The crater floor itself is also rising slowly. In company
with Professor Ivlalladra, Director of the Vesuvius Observatory, and
guides, Mr. Perret found it practicable to reach the crater floor and to

collect both gaseous and liquid ejecta for laboratory study.

It is a very great misfortune that this period of unusual activity, in

which all the active Italian volcanoes appear to be participating,

happens to fall in a period of political upheaval, one consequence of

which is to impose prohibitive limitations upon the movements of

foreigners. It is at the moment practically impossible to continue

effective field studies in Italy.

In Hawaii, both at Kilauea and Mauna Loa, there has been paroxys-

mal activity in recent months, and from Mauna Loa a considerable

outflow of lava in June of this year. A radial crack opened about
half-way up the mountain and from it streams flowed both east and
west for a distance of about 8 miles. The flow continued for 6 days

only and occurred in a barren and rather inaccessible part of the

mountain, so that even the experienced men who chanced to be

within reach found difficulty in reaching advantageous points for study

and collection during the period of actual flow. Later the sources of

the new flow were examined with care, but the gaseous portion of the

ejectamenta had then flown and left an irreparable gap in the chemical

data available for further study.

In spite of these various limitations, which are of course inevitable

in the study of volcanoes, the elucidation of the volcano problem has

made considerable progress during the past year, of which a detailed

record v\dll presently be published.



144 CARNEGIE INSTITUTION OF WASHINGTON.

PUBLICATIONS.

Brief reviews of the papers published by members of the Laboratory

staff during the current year follow.

(1) The position of the vibration plane of the polarizer in the petrographic microscope.

F. E. Wright. J. Wash. Acad. Sci., 5, 641-644 (1915).

In petrographic microscopes the polarizer is mounted in one of two positions,

so that its plane of light transmission is parallel either to the vertical cross-hair

or to the horizontal cross-hair of the eyepiece. In case the incident light be

non-polarized both positions of the polarizer are equally good, as they transmit

equal amounts of light. If, however, the incident light be partially polarized,

that position of the polarizer which transmits the most light is obviously the

better. Partial polarization arises from two factors: (1) Reflection by the

surface of the substage mirror. This is not serious, because under ordinary

conditions less than 10 per cent of the light thus reflected is plane-polarized.

(2) Sky polarization. This varies with the line of sight and is at a maximum
in the plane polar to the sun. On a clear day from 40 to 80 per cent of the

light is plane-polarized in this plane, which is also the plane of vibration of the

polarized rays. As this plane moves with the sun, the plane of vibration of

rays incident on a microscope facing north is nearly vertical in the early morn-

ing and later afternoon hours, while at noon it is horizontal. The optimum

position of the polarizer varies, therefore, with the time of day at which observa-

tions are made. In case the polarizer is fixed in position, its plane of vibration

should be parallel to the vertical cross-hair of the eyepiece.

(2) The later stages of the evolution of the igneous rocks. N. L. Bowen. J. Geol., 23,

Suppl., 1-91 (1915).

With the continuance of experimental studies of silicate melts, systems have

been investigated which approach in their complexity some of the simpler

types of igneous rocks. As a result, new light is thrown on some of the

problems of igneous-rock genesis, and in this paper an attempt has been made
to discuss these problems with the emphasis placed on the significance of the

experimental studies.

Of all the processes that have been suggested as important factors in the

differentiation of rocks, crystallization alone seems to be thoroughly compe-

tent to produce large results. The formation of various rock types through

the agency of crystallization depends on the fact that the various minerals in

a fused rnixture separate in a definite order, and that during the period of

crystallization an accumulation of crystals of a certain kind may take place

in one part of the mass with corresponding impoverishment of this material

in other parts. The accumulation of crystals is believed to take place largely

through the action of gravity. Experimental evidence shows definitely that

the sinking of crystals in silicate melts can take place and a variety of field

observations indicate its importance in nature.

The crystallization of mixtures containing a number of important rock-

forming silicates has been very thoroughly studied. These silicates include,

among others, the plagioclases, pyroxenes, olivines, spinel, and silica in its

various forms, and the order of their appearance for various mixtures has been

definitely ascertained. The order shows plainly that, under the action of

gravity, there would be a definite tendency towards the grouping of the

olivines, pyroxenes, spinel, and the basic plagioclases in the differentiates of

early consolidation, with a resultant enrichment of the later differentiate in

alkaline feldspars and free silica. This is the kind of differentiates we find in

nature in the gabbro-diorite-granite sequence.
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The method of differentiation by sinking of crystals seems, then, to afford a

promising explanation of the subalkaline series of igneous rocks. With the

alkaline rocks many features are more obscure, but the formation of the hy-

drous molecules which enter the micas in the later members of the subalkaline

series strongly suggests that the alkaline types belong in this late stage of

great concentration of the volatile ingredients of the magma, especially water.

The mica molecules, for example, are very closely related in type to the mole-

cules of nephelite, the most characteristic mineral of the alkaline rocks.

On the basis of these deductions from experimental results, it is concluded

that all igneous rocks could be derived from basic magma, and the hypothesis

is advanced that all igneous types actually have been derived from basaltic

magma by the process of crystallization-differentiation.

(3) The correlation of potassium and magnesium, sodium and iron, in igneous rocks.

H. S. Washington. Proc. Nat. Acad. Sci., 1, 574- .578 (1915).

The fact that these pairs of elements are correlated, or tend to vary together,

in igneous magmas irrespective of the silicity, is briefly discussed and some of

the evidence given. The correlation is shown in the minerals of igneous

rocks. Thus the sodic pyroxenes and amphiboles are very high in iron and
very low in magnesium, while on the other hand the colored potassic micas

usually show veiy high magnesium and low iron. It is pointed out that in

igneous rocks there are no potassic pyroxenes or amphiboles, and no sodic

micas. The evidence from the rocks themselves is based on a collection of

nearly 10,000 analyses. A number of examples of petrographic provinces are

given, and many analyses are plotted which bring out clearly the correlation.

(4) A simple device for the graphical solution of the equation A = B.C. Fred. E. Wright.

J. Wash. Acad. Sci., 6, 1-5 (1916).

In this equation, which is essentially a simplified form of the proportion

A:B = C:D, the letters may represent numbers, or powers of nmnbers, or

functions of variables, sines, cosines, tangents, logarithms, exponentials, etc.

The graphical method of solution adopted is based on similar triangles, each

function A, B, and C, being represented on a scale so chosen that the resulting

curves are straight lines. A device is suggested for the mechanical solution of

this general equation. At one corner of a sheet of 1 mm. coordinate paper,

50 cm. square, attached to a small drawing-board, a straight-edge is fitted

into a socket and can be rotated about the corner as axis. Along the two
adjacent margins of the paper a strip of millimeter paper is pinned, and on it

the scale A or B is marked. The straight-edge functions as the hypothenuse

of the similar right-angle triangles employed in the graphical solution. The
device is accurate to about 1 part in 1,000.

(5) A geological protractor. Fred. E. Wright. J. Wash. Acad. Sci., 6, 5-7 (1916).

By means of this protractor angles of dip and strike can be plotted as with

the ordinary protractor; in addition, slope angles (angles of apparent dip for

any angle of dip of stratum and for any azimuth of vertical section) can be

read off directly ; the protractor can also be used as a hand goniometer for the

measurement of crystal angles.

(6) The ternary .system CaO-AloOs -MgO. G. A. Rankin and H. E. Mervvin. J. Am.
Chem. Soc, 38, 568-588 (1916).

No ternary compound stable in contact with the melt was found, therefore

the system involved only the equilibrium of the components and the binary

compounds SCaO.AloO^,' SCaO.SAlaOs, CaO.AlaOa, SCaO.SAlaOs, MgO.AlaOs-

A new form of AI2O3 was described, but its relation to corundum (the only
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other known form of AI2O3) could not be definitely established. Extensive

solid solution of AI2O3 in spinel was demonstrated. Only slight solid solution

was observed in any other crystals. Diagrams and a solid model were made
to show the relations found.

(7) Daa ternarc Sj^stem: CaO-AljOs-MgO. G. A. Rankin und H. E. Merwin. Z. anorg.

Chem. (In press.)

A German translation of "The ternary system CaO-Al203-MgO." (J. Am.
Chem. Soc, 38, 568-588, 1916). Reviewed under No. 6 above.

(8j A universal switch for thermoelement work and other potential measurements. Walter
P. White. Am. J. Sci. (4), 41, 307-31G (1916).

A switch combination is described which is intended to promote rapidity

(and, therefore, often accuracy also) in making comprehensive and varied

measurements with potentiometers. The type is characterized by the use of

contacts between thin copper strips, which is, thermoelectrically, perhaps the

best contact obtainable. A new mechanical arrangement greatly promotes

convenience and flexibility in operation. Other schemes make construction

and overhauling extraordinarily easy.

(9) The charnockite series of igneous rocks. H. S. Washington. Am. J. Sci. (4), 41, 323-
338 (1916).

The name was applied by Holland to an important and interesting series of

igneous rocks in southern India, ranging from hypersthene granite (charnock-

ite) to hornblende hypersthenite. Five type specimens, furnished by the

India Geological Survey, v/ere studied and four complete analyses were made.
The rocks form a distinct series, characterized by certain constant mineral and
chemical peculiarities. Closely allied to the Indian comagmatic region are

those of western Norwaj^ Ellesmere Land, eastern Canada, New York State,

and the Ivory Coast. The relations of these are discussed and the suggestion

is made that the rocks of all these comagmatic regions can not be placed

logically in either the Atlantic or Pacific tribes of Becke and Harker.

(10) The oxides of iron. I. Solid solution in the system FeaOs-FejO*. R. B. Sosman and
J. C. Hostetter. J. Am. Chem. Soc, 38, 807-833 (1916).

This investigation of the chemical relationships of the iron oxides has been
undertaken as a basis for the study of the iron-bearing silicates at high

temperatures. Measurements of the dissociation pressure of the iron oxides

were made in a vacuum furnace with a heating tube of platinum-rhodium.

A study of the conditions of equilibrium shows that reproducible oxygen
pressures can be obtained at a given temperature. Equilibrium is attained

in a few minutes at high temperatures, although certain disturbing reactions

go on slowly. One of these by-reactions is the reduction of the oxide by plati-

num, yielding oxygen and an iron-platinum alloy. This reaction accounts

for the common occurrence of iron as an imi)urity in platinum.

Ferric oxides from various sources jdeld practically identical pressures

(excluding certain minor exceptions which can not as yet be explained). The
same pressures are also attained with both rising and falling temperatures.

The oxidation of magnetite gives pressures which are identical with those

produced by dissociation of pure Fe203.

The pressure-composition isotherm for the system Fe203-Fe304 at 1200°

indicates a continuous solid solution series from Fe203 over to a point very

near Fe304, if not over the entire range to Fe304. The opacity of the products

prevents an optical demonstration of the existence of solid solution in products

with more than 18 per cent FeO, but its existence can be shown optically in
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products which are more ferric than this. The pressure-composition isotherm

at 1100° confirms that at 1200°.

The major portion of the oxygen pressure curve of the system at 1200° hes
between the limits 4 mm. and 1 mm. The pressure drops rapidly near Fe304
and rises rapidly near Fe203.

Since the dissociation of Fe203 results in the formation of a solid solution,

the pressure of oxygen and the composition of the solid phase depend upon the

relation of the weight of the charge to the volume of the space into which the

oxygen dissociates. This fact accounts for the variety and uncertainty of

results heretofore obtained in experiments on the dissociation pressure of

FeaOs.

(11) The dissociation of ferric oxide in air. J. C. Hostetter and R. B. Sosman. J. Am.
Chem. Soc, 38, 11S8-1198 (1916).

Previous work by the authors has shown that Fe203 dissociates to form a
solid solution of Fe304 in Fe203, and that the curve of dissociation pressure

against composition at a given temperature rises rapidly as the composition
approaches pure Fe203. The present experiments show that there is a
measurable dissociation of Fe203 in air at all temperatures between 1100° and
1300°, and that the amount of dissociation increases with the temperature.
This is shown by the increasing difference in weight between ignitions in air

and in oxygen as the temperature is increased. The dissociation pressure-

composition curve thus takes the form of a curve asymptotic to the axis of

ordinates, when the ordinates are pressures.

The best container for the Fe203 at 1100° and 1200° is alundum (bonded
fused alumina) which is almost absolutely constant in weight at these tem-
peratures, although it loses weight steadily at higher temperatures. The loss

in weight of pure platinum at 1000° to 1200° is very small, but is considerably

increased if the platinum is in contact with ferric oxide.

(12) The determination of carbonic acid, combined and free, in solution, particularly iu

natural waters. John Johnston. J. Am. Chem. Soc, 38, 947-975 (1916).

Owing to the importance, especially in connection with water analysis, of

a knowledge of the concentration of carbonic acid, combined and free, in

solution, a great deal of attention has been devoted to methods of determina-
tion of these constituents; but the question as a whole has hitherto received

scant attention, in particular from the theoretical standpoint. The present

paper discusses the methods of estimating carbonic acid and carbonate on the

basis of fundamental principles; this enables us to criticize and coordinate

apparently contradictory statements recorded in the very voluminous liter-

ature on this subject; for this conflict is due less to lack of care in the experi-

mental work than to the fact that some essential factor, the importance of

which, however, would not be recognized until the theory had been considered,

was not adequately controlled.

Within any solution containing carbonate there is a readily attained equi-

librium between the carbonate ion COi", the bicarbonate ion HC07, and the

carbonic acid H2CO3, and in turn between the carbonic acid and the partial

pressure of carbon dioxide above the solution; consequently these molecular

species can coexist only in definite proportions determined by the several

equilibrium constants. An examination from this standpoint of the most
commonly used titration methods for the estimation of the combined and free

CO2 in solution leads to the conclusion that many of these procedures do not

yield definite results—a conclusion corroborated by all of the careful com-
parative experimental work bearing on these methods. In principle the only

absolutely reliable methods are those for the total base combined with the
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carbonic acid and for the total CO2 present in solution; in practice they yield

accurate results, provided that due attention is paid to conditions discussed

or referred to in this paper. But tliese two determinations suffice in general to

characterize the solution with respect to either its content of free CO2, the

proportion of carbonate or bicarbonate, or the degree of alkalinity or acidity;

for, since we are dealing with an equilibrium capable of fairl}^ rapid readjust-

ment, we are justified in applying the equilibrium constants to calculate the

above quantities in the great majority of those cases in which a knowledge of

them is of real importance.

(13) The complete solubility curve of calcium carboHate. John Johnston and E. D.
Williamson. J. Am. Chem. Soc, 38, 975-983 (1916).

A further development of the views discussed in an earlier paper (Year

Book No. 14, page 168). The graph showing the concentration of calcium

in the solution at equilibrium in the system CaO-H20-C02 is made up of three

curves, along which the stable solid phase is hydroxide, carbonate, bicarbon-

ate, respectively. The first extends only up to values of P, the partial pres-

sure of CO2, of about 10~i'* atm. at 16°; the second, starting from the transi-

tion-point, decreases to a minimum and then rises again, as the value of P
increases continuously, until P is about 15 atm.; beyond the second transition-

point bicarbonate is the stable^ solid phase. Along the whole course of the

graph, all three ions 0H"~, COj, HC07 are present at relative concentrations

depending upon P; so in this, as in other analogous cases, the solubility curve

ascertained by experiment w^ould have different forms according as one

determined one or other of the several molecular species in solution. Thus the

maximum concentration of COT occurs when the solubility—as measured by

the concentration of calcium in solution—is a minimum, and it is only within a

restricted range of P that the base associated with COy is more than a frac-

tional proportion of the total base in solution.

The transition pressure at which both hydroxide and carbonate are stable

may be calculated either from the solubilities of hydroxide and carbonate or

from their thermal dissociation pressures; these two absolutely independent

methods yield results surprisingly concordant, a circumstance which demon-

strates the essential correctness of the view discussed in this paper.

(14) The several forms of calcium carbonate. John Jolmston, H. E. Merwin, and E. D.
Williamson. Am. J. Sci. (4), 41, 473-512 (191G).

The prevalence of calcium carbonate as a constituent of the crust of the

earth has led to a vast amount of discussion of the chemistry of its formation

and of the stability relations of the several crystalline forms in which it occurs.

The value, alike to the geologist and to the chemist, of an exact knowledge of

the facts has also been repeatedly emphasized. The evidence has, however,

been incomplete and in part contradictory or wrongly interpreted, and has

never been presented systematically. It appeared, therefore, to be a useful

task to give a coherent critical statement of the facts and to discuss the

deductions which, in the light of present knowledge, may legitimately be drawn
from them.
Under ordinary conditions, calcium carbonate appears in three crystalline

anhydrous forms, viz, as calcite, aragonite, and a form which we have

designated m-CiiCO.v The other reputed forms, including "vaterite" and

"amorj^hous" CaCOj, are not definite forms; their divergent properties are

due mainly to differences in size of grain and mode of aggregation.

Of these three established forms calcite is, at ordinary pressure, the stable

one at all temperatures from 0° (or loA^er) up to 070", at which temjierature it
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inverts reversibly to a-CaCOs; under these conditions aragonite and the
yu-form are always unstable with respect to calcite, though there is an indica-

tion that aragonite has a stable field of existence at about —100° or lower.

Under all ordinary conditions, therefore, pure aragonite tends to go over into

calcite; in how far it actually does so depends upon the rate of this process
under the particular circumstances. There is therefore no definite transition-

point; the interval required for the transformation at 100° in presence of water
and calcite is measured in days, and for its inversion at or about 400° is meas-
ured in hours. By reason of this instability, one can not specify the factor or
factors which determine the precipitation of CaCOs as aragonite; indeed, its

appearance would seem to be a matter of chance—in other words, it depends
upon factors which can not be controlled at the present time. In so far as

we have been able to ascertain, natural aragonite is formed (a) through
organic agencies; (b) by deposition from hot springs; (c) when an isomor-
phous carbonate is present to serve as nucleus; (d) in salt waters containing
sulphate even at ordinary temperature. Pure aragonite can persist as such
only when dry; but aragonite containing other substances in solid solution

may thereby be enabled to persist in presence of certain solutions. There
are indications that the /x-form often occurs as an intermediate step in the
precipitation of the other forms ; but it soon transforms in presence of water, a
fact which, combined with the fact that it can not be differentiated from
aragonite bj^ means of the usual color-tests, is responsible for the circumstance
that it has not been recognized more often as occurring in nature.

The properties of these three forms, and of the hexahydrate CaC03.6H20
(which, moreover, is also unstable vnth respect to calcite even at 0°) are

described. The several forms can be differentiated from one another by
optical, crystallographic, and chemical tests, by observation of density and of

the stability of the material when heated; but it is not safe to trust to a
single one of these tests, especially with fine-grained material, as the result

may be ambiguous. Much of the work in the past is vitiated by the fact that

the criteria employed were insufficient to differentiate one form from another;

and thus many of the statements to be found in the literature require revision.

In this connection, we might point out that a determination, no matter how
carefully carried out, of a single property of a substance is of much less value
than two or more characteristics of the same specimen; and make a plea for

the determination on an analyzed specimen of as many diverse properties as

possible, for it is only in this way that it will be possible to coordinate the

various observations in a satisfactory way. As an illustration of this point,

one can not state the manner in which the properties of so well-defined and
common a mineral as calcite vary with the presence of other substances in it,

in spite of the enormous number of isolated observations which have been
made; and it is obvious that such a coordination, once established, would save
an immense amount of labor thereafter.

(1.5) The composition of natural bornite. E. T. Allen. Am. J. Sci. (4), 41, 409-41.3 (1916).

Analyses of a number of bornites from very widely separated localities, the

essential homogeneity of which had been proved by a careful microscopic
examination of several polished surfaces, were found to agree closely with the

formula Cu3FeS4. The conclusion is supported by the constancy in the

color and density of the specimens. A critique of previous work on the

subject is given, and in particular it is shown why the evidence against

this view presented by Kraus and Goldsberry (Am. J. Sci. (4), 37, 539, 1914)

is inconclusive. The conclusion reached confirms that of Harrington (Am. J.
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Sci. (4), 16, 151, 1903), viz, that natural bornite is of constant composition

represented by the formula CU5FCS4.

(16) Tvpcs of prismatic structure in ifjiu-ous rocks. R. B. Sosman. J. Geol., 24, 215-234

(1916).

From the physical standpoint, several types of prismatic structure in

igneous rocks can be distinguished. The first and most common is due
purely to thermal contraction in the crystallized rock; examples are numerous
and familiar. A subordinate type of contraction structure is produced when
the contraction and separation occur while the magma is still partly crystalline

and partly liquid; this type is illustrated by an occurrence in a diabase sill in

eastern Pennsylvania.

The second general type is produced by convectional circulation of the

magma while still liquid. The cells so produced persist until solidification

begins, and may leave a record in the rock, either by causing segregation in

the cell walls and axes or by originating regularly spaced centers of crystalliza-

tion. The experimental and observational data on the occurrence of this type

in igneous rocks are suggestive, but can not yet be said to amount to decisive

proof.

A third type of prismatic structure is produced by internal expansion. It

has been produced artificially, and is offered as the explanation of the" weather-

crack" structure seen in diabase boulders.

In the study of these structures, the following field observations are those

which will be of greatest interest in the further study of the problem: (1)

attitude of prisms; (2) their diameter and length; (3) frequency of 4, 5, 6, and
7 sided polygons; (4) frequency of angles (especially 90° and 120°); (5) varia-

tion, if any, of composition and texture in the cross-section; (6) types of

cross-jointing (platy, concave or convex, spheroidal); (7) spacing of cross-

joints; (8) peculiarities of cross-joints (e. g., whether cracked from center or

from borders)
; (9) degree of irregularity in sides of prisms; (10) other peculiari-

ties, such as tapering, partial longitudinal jointing, etc.

(17) Note on the linear force of growina; crystals. George F. Becker and Arthur L. DaJ^
J. Geol., 24, 313-333 (1916)^

In 1905 the authors showed by appropriate experimental evidence that

a single crystal immersed in its own saturated solution, and growing by reason

of the potential supcrsaturation of the solution resulting from evaporation,

will lift a weight placed upon it. This observation has been confirmed in the

present paper.

In 1913Bruhns and Mecklenburg placed two crj^stalsin a similar saturated

solution, one loaded and the other free, and noted that the load upon the one

crystal was not raised, although the free crystal grew rapidly. From this

experiment they were led to deny the power of a crystal to lift a weight of

foreign substance, although admitting the power of the unloaded crystal to

lift its own substance. They appear to have overlooked in this conclusion the

fact that the solubility of the loaded crystal is for most substances greater than

that of an unloaded one, and also that this is a difference in degree only, for

the unloaded crystal also supports weight (its own).

In consequence of this greater solubility, with an unloaded and a loaded

crystal in the same solution, the necessary condition of potential supersatura-

tion will be reached in the liquid adjacent to the unloaded crystal before it is

reached in the other, and the growth of the unloaded crystal thereafter may
keep the concentration below that necessary for the growth of the loaded

crystal. This appears to be the condition reached in Bruhns and Mecklen-

burg's experiment. If it happens, however, that the rate of growth of the
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unloaded crystal is insufficient to take up all of the excess concentration

provided by the continued evaporation, then supersaturation will increase.

It is entirely possible under these conditions that the potential supersaturation

necessary for the growth of the loaded crystal may then be attained or even

exceeded, and that the loaded crystal will also grow and lift its load. This con-

dition was attained experimentally without difficulty in the observations re-

corded in this paper. If concentration increases still more rapidly, and
exceeds the ability of both unloaded and loaded crystals to take up, through

their continued growth, all the matter in excess of the saturation concentra-

tion, then additional nuclei may form upon which excess matter may be

deposited. This appears to have been the condition attained in the last

series of Bruhns and Mecklenburg's observations, in which the solution was
evaporated to dryness.

Here six disks of porcelain loaded with weights were all raised a milhmeter

or more in the same solution, but Bruhns and Mecklenburg attribute this

result to the action of capillarity and adsorption, and deny the competence

of the "linear force of growing crystals " to effect such mechanical displace-

ments.
A simple analysis suffices to show that capillarity in a solution evaporating

to dryness can have no other effect than to press the crystal down upon its

base with a force equal to 2TV/d', where T is the surface tension, V the volume
of the drop of liquid between the crystal and its base, and d the distance

separating the two, and that the lifting action observed by Bruhns and
Mecklenburg has occuired in spite of this opposing force and not because of it.

Adsorption delays diffusion and diminishes the rate of growth, but does nothing

to promote it. These forces therefore can not be appealed to in explanation

of the lifting observed by Bruhns and Mecklenburg and by us.

We therefore return to the original thesis that the growth of crystals in

saturated solution develops a linear force in the direction of the load, and that

neither the magnitude of the load (up to the breaking load) nor its character

(whether exclusively crystal substance or partly foreign substance) has am^
other effect than to increase solubility and so to raise the concentration

necessary for potential supersaturation and growth upon the loaded crystals.

This degree of supersaturation is readily attainable through evaporation or

otherwise, and when attained the loads are lifted. With this thesis estabhshed

there is no conflict between the observations of Bruhns and Mecklenburg and
our own, and all the experimental evidence offered is perfectly correlated.

(18) Bemerkungen iiber die lineare Kraft wachsender Kristalle. George F. Becker und
Arthur L. Day. Centralbl. f. Min , No. 14-15 (191(3).

A German translation of "Note on the linear force of growing crystals"

(J. Geol., 24, 313-33, 1916). Reviewed under No. 17 above.

(19) Crystals and crystal forces. Fred E. Wright. J. Wash. Acad. Sci., 6, .326-332 (1916).

In this paper the general problem of the measurement of crystal forces is

stated and an outline is given of the possible modes of attack for its solution.

A crystal is a body whose component atoms are arranged in definite space

lattices; this arrangement is probably the result of the vectorial action of

interatomic forces. These forces are spacially vectorial in character; but
little is known of their order of magnitude and of the law of their variation

with distance. They find expression in the development of crystal forms, in

the rate and character of crystal growth, in the field of atomic forces, in the

influence which they exert on other systems of forces, such as light-waves.

The effects produced by a crystal on such a system of forces under different

conditions of pressure and temperature can be measured and thus the law of
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the variation of the one with the other be ascertained; in other words, a differ-

ential equation wliich, if it can l)o integrated, should furnish the desired

crystal force-function.

The persistence of (;ertain crystal configurations in spite of thermodynamic
tendencies towartl other more stable relations is well shown in rocks. The
most remarkable fact in petrology is the relatively few rock-making minerals,

especially in igneous rocks. These few minerals persist the world over and
constitute the major i)art of the rocks of the earth's crust. This persistency

of a few mineral species, notwithstanding great diversity in conditions of

formation and in chemical composition, is fundamental, and indicates that

the dominating factor in the crj'stallization of a magma is the stability of

certain crystal types or configurations, and that these assert themselves, not-

withstanding tendencies toward other groupings which thermodynamically
are more stable. The study of crystals from the vieA\'point of crystal forces

is an integral part of geophysical and geochemical research.

(20) Xotc oil the lithophysa; in a speciinen of obsidian from California. F. E. Wright.
J. W.a.'^h. Acad. Sci., 6, 367-369 (1916).

A brief description is given of the obsidian and its lithophysse from Little

Lake, about 40 miles south of Owen's Lake, Liyo County, California. The
lithophysse are similar in composition and appearance to the lithophysse in

the olisidian from Hrafntinnuhr3^ggur, Iceland. A detailed study of both
these occurrences has led to the conclusion that in the formation of the litho-

physal cavities volatile gases set free during the crystallization of the spheru-

lites were the active factor (causing not only the cavity but also the recrystal-

lization), and not a secondary phenomenon accompanying the opening of the

cavities by hj^drostatic tension.

(21) Recent, improvements in the petrograpic microscope. F. E. Wright. .J. Wash. Acad.
Sci. 6, 465-471 (1916).

During the past five years improvements have been introduced on the

writer's petrographic microscope, either to increase the degree of precision of

the measurements or to facilitate the use of the microscope by means of time-

saving devices. The most important of these devices are

:

(1) Sliding objective changer.—This has been substituted for the ordinary

objective clamps which experience has shown to be unsatisfactory for rapid,

accurate work. The new objective changer consists of a brass slider in which
are mounted two objectives in eccentric, conical steel rings adjusted so that

there is no change of focus or centering in passing from one objective to the

second. The slider has wide bearing-surfaces and runs in a holder which is

rigidly attached to the microscope.

(2) The removal of astigmatism introduced by the analyzer.—Siegfried Becher
has shown that a telecentric arrangement of the lens system of the microscope,

such that the rays pass through the analyzer as parallel beams, reduces to a
large extent the astigmatic errors introduced by the analyzer. The practical

ai^plication of this idea has been accomplished on the writer's microscope,

following a suggestion by Dr. H. Kellner, by means of a weak negative lens

below the analyzer and a weak positive lens above, the focal lengths of the

lenses so taken that the rays from the objective pass through the analyzer as

parallel beams and are then brought to the original convergence by means of

the positive cap lens. For the removal of astigmatism in the interference

figures a positive lens below the analyzer is required as well as the positive cap

lens. These new lens systems are so arranged on the writer's microscope that

the passage from one to the other is accomplished directly without appreciable

loss of time.



GEOPHYSICAL LABORATORY. 153

(3) The -prism method for the observation of interference figures.—A small
doubly reflecting prism of special shape is introduced in a sliding carriage
directly beneath the eyepiece and serves in the examination of interference

figures by the Lasaulx method. Its use obviates the necessity of removing
the eyepiece each time an interference figure is observed. Its small size,

moreover, functions as a diaphragm and enables the observer to examine the
interference figure from a single small mineral grain.

(4) A device for use in the accurate measurement of extinction angles.—An
extension-arm mth a needle at its outer end is attached to the microscope-
stage. Settings on maximum darkness of a given mineral plate between
crossed nicols are recorded by pressing down the needle-point into a piece of

coordinate paper. The settings are made rapidly and are free from the
personal element which is introduced when angular readings are taken.
After a certain number of settings have been made with clockwise and counter-
clockwise rotation of the stage the eye can estimate the average center of a
series of points with sufficient accuracy for practical purposes and the angular
reading of this center may then be taken.

(22) The petrographic microscope in aualvsis. Fred. E. Wright. J. Am. Chem. Soc, 38,
1647-1658 (1916).

In this paper the function of the petrographic microscope as applied to

certain classes of problems of a chemical nature is discussed in a general way
and its usefulness in such work is emphasized. Attention is directed to the
difference betw^een the ordinary microscope, which is only a magnifier, and the
petrographic microscope, which, in addition, serves for the determination of the
optical properties of minute crystal grains and plates measuring at least 0.01

mm. in diameter. The several optical properties thus used in diagnostic work
are described briefly and the mode of their determination by means of the
petrographic microscope is indicated.

(23) Some reactions involved in secondarj' copper-sulphide enrichment. E. G. Zies, E. T.
Allen (Chemical Study), and H. E. Merwin (Microscopic Study). Econ. Geol.,

11,407-503 (1916).

(1) The reactions of a number of natural sulphides Vv'ith copper-sulphate
solutions have been quantitatively investigated. Attention has been confined

to the following : chalcocite (CU2S) , covellite (CuS) , bornite (Cu5FeS4) , chalco-

pyrite (CuFeS2), pyrrhotite (FeS(S)2), pyrite (FeS2), sphalerite (ZnS), and
galena (PbS). In all cases a copper-enrichment product is formed, either a
sulphide which varies with the conditions, or as a special case, metallic copper
and cuprite. In all cases the sulphate of the metal contained in the original

sulphide is also formed, and usually sulphuric acid as well. This acid is

derived from the oxidation of the sulphur in the sulphide by cupric sulphate.

In these reactions cupric sulphate plays the role of an oxidizing agent, not only
at elevated temperatures, but at lower temperatures as well.

(2) The sulphide-enrichment products are crystalline and all adhere
firmly to the altered sulphide as in nature. When cupric sulphate is the

enriching agent, pijrite alters to covellite and chalcocite. It has been shown
that the alteration to chalcocite is represented by the following equation:

5FeS2+14CuS04+12H20 = 7Cu2S+5FeS04+12H2S04
and that in the alteration to covellite the following equation in all probability

represents the reaction

4FeS24-7CuS04+4H20 = 7CuS-|-4FeS04+4H2S04

The evidence is good that this reaction is involved when pyrite alters to

chalcocite. Pyrrhotite alters to chalcopyrite and very probably to bornite.
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The reaction can not at present be satisfactorily worked out on a quantitative

basis owing to the fact that pyrrhotite varies in composition and is attacked

by one of the reaction products, namely, sulphuric acid. Chalcopyrite alters to

covellite and chalcocite. The reaction between chalcopyrite and cupric

sulphate to form chalcocite has been shown to be represented by the equation

oCuFeS2+llCuS04+8H20 = 8Cu2S+5FeS04+8H2S04

When chalcopyrite alters to covellite the experiments point strongly to the

reaction represented by the following equation:

CuFeS2+CuS04 = 2CuS+FeS04

and also indicate that this reaction is involved in the alteration to chalcocite.

Barnite alters to chalcocite as follows:

5CU5FCS4+IICUSO4+8H2O = 18Cu2S+5FeS04+8H2S04

It has also been shown that bornite may alter to covellite and chalcocite thus:

Cu5FeS4+CuS04 = 2Cu2S+2CuS+FeS04

Covellite alters to chalcocite as follows

:

5CuS+3CuS04+4H20 = 4Cu2S+4H2S04

The experiments also furnish evidence that this reaction proceeds in two

stages, thus:
CuS+7CuS04+4H20 = 4Cu2S04+4H2S04

4CuS+4Cu2S04= 4Cu2S+4CuS04

It is very probable that the latter reaction is involved when these sulphides

alter to chalcocite and when cupric sulphate is the enriching agent. Sphalerite

and galena alter first to covellite and subsequently to chalcocite:

ZnS+CUSO4 = CuS+ZnS04
5CuS+3CuS04+4H20 = 4Cu2S+4H2S04

PbS+CUSO4 = CuS+PbS04
5CuS+3CuS04+4H20 = 4CUS+4H2SO4

(3) The order of stability of the sulphide enrichment products toward cupric-

sulphate solutions is: chalcopyrite, covelUte, chalcocite; each of them changing

into the succeeding sulphide by the further action of cupric sulphate. Chalco-

cite is by far the most stable sulphide of all, under these conditions, but it may
finally be converted into metallic copper and sulphuric acid, tliough very

slowly indeed even at 200°. The most favorable conditions which have been

observed for the formation of the intermediate products, chalcopyrite and

coveUite, are the exposure of a large surface of the reacting sulphide to the

action of a comparatively dilute solution of copper sulphate.

(4) All these reactions have been studied at several temperatures ranging

from 200° down to 30°. In the main the rate rather than the nature of the

reaction is changed by raising the temperature, but there are a number of

secondary reactions, slight or negligible at Ioav temperatures, which become
pronounced at higher temperatures. Thus ferrous sulphate is partly changed

into ferric sulphate by cupric sulphate:

2CuS04+2FeS04^i^Cu2S04-|-Fe2(S04)3.

At elevated temperatures, hydrolysis generally conditions the formation of

considerable hematite, cuprite, and metallic copper from the two primary

products of the above reaction. To what extent the metallic copper and
cuprite sometimes found in the natural enrichment zone are derived from

the hydrolysis of cuprous sulphate is not clear from these experiments.



GEOPHYSICAL LABORATORY. 155

(5) The results of qualitative experiments indicate that enrichment pro-

ceeds faster in the presence of cuprous sulphate than in the presence of cupric

sulphate.

(6) The influence of sulphuric acid on the enrichment reactions has been
studied. The enrichment of chalcopyrite and pyrite in our experiments has
been retarded by an increase in the concentration of sulphuric acid. The
explanation for this is found in the fact that hydrolysis of the ferric sulphate,

formed as we have stated above (paragraph 4), is either hindered or prevented,

and thus the influence of the cuprous sulphate formed from cupric sulphate

by the reducing action of ferrous sulphate is held back. The result is that

the formation of cuprous sulphate is limited, and since the rate of reaction of

cuprous sulphate on the sulphide is much faster than that of cupric sulphate,

enrichment itself is retarded. The enrichment of galena, sphalerite, pyrrho-
tite, and bornite is accelerated by sulphuric acid, for the "solubility" of these

sulphides is thus materially increased. Chalcopyrite is one of the products at

higher temperatures between bornite and 2 per cent sulphuric acid alone.

(7) The influence of ferrous sulphate on the enrichment reactions has also

been studied to some extent. The first effect is to increase the rate by increas-

ing the quantity of cuprous sulphate in solution, and cuprous sulphate is more
rapid than cupric in its action on the sulphides. However, the effect is soon
lost unless the ferric iron formed is removed from the solution.

It may be stated here that a reversal of the principal enrichment reactions,

such for example as

5FeS2+ 14CuS04+ I2H2O = 7Cu2S-f5FeS03+ I2H2SO4

has not been reproduced experimentally. The attempt to introduce iron into

bornite by allowing the sulphide to react with ferrous sulphate alone has not
met with success.

(24) Preliminary report on the system, lime: ferric oxide. R. B. Sosman and H. E. Merwin.
J. Wash. Acad. Sci., 6, 532-537 (1916).

The melting-point diagram of this system was worked out by means of

thermal curves and optical examinations on mixtures of Fe203 and CaO,
heated in platinum crucibles in air. Near the Fe203 side of the diagram too
much ferrous iron is formed by dissociation at temperatures above 1250° to

permit of the determination of the melting temperatures except under pres-

sures of oxygen greater than atmospheric. Two compounds are formed
between CaO and Fe203, namely, 2CaO.Fe203 and CaO.Fe203. Both appear
to be dissociated at their melting-points. The compound 2CaO.Fe203 dis-

sociates with partial fusion at 1436°, and the compound CaO.Fe203 likewise

at 1216°. There is a eutectic at 1203° between CaO.Fe203 and Fe203. Optical
properties were measured by m.eans of a new imm^ersion medium, consisting

of an amorphous mixture of selenium and arsenic selenide.

(25) The chemistry of portland cement. G. A. Rankin. Address dehvered at the Tv/elfth
Annual Convention of the American Concrete Institute, Chicago, Feb. 14-17
(1916). (Pubhshed by the Institute.)

A presentation of the chemical problem which confronts the portland-

cement manufacturer, considered in the light of recent studies of lime,

alumina, and silica. See "The ternary system CaO-Al203-Si02," Rankin
and Wright, Am. J. Sci. (4), 39, 1-79, 1915, reviewed in Year Book 13, page 155,

(1914) and "The constituents of portland-cement clinker," J. Ind. Eng.
Chem., 7, 466, 1915, reviewed in Year Book 14, page 165 (1915).
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(26) Tlic cheini.strv of i)(jrtl:ui(l cciiH'nt. (1. A. Rankin. Concrcto (Cement Mill Section)

S, ir,-20 (1910).

Reprinted from "The chemistry of portland cement" (Address delivered at

the Twelfth Annual Convention of the American Concrete Institute, Chicago,

February 14-17, 1916). Keviewed under No. 25 above.

(27) The chemistry of portland cement. G. A. Rankin. Cement Era, 14, 79-8^ (1916).

Reprinted from "The Chemistry of portland cement" (Address delivered at

the Twelfth Annual Convention of the American Concrete Institute, Chicago,

February 14-17, 1916). Reviewed under No. 25 above.

(28) PortlaiKl cement. G. A. Rankin. J. Franklin Inst., 747-784 (1916).

An address given at the Frankhn Institute, Philadelphia, embodying most
of the results of the investigation of the relations between lime, alumina, and
silica in portland-cement clinker, which was first published under the title

"The constituents of portland-cement clinker" (J. Ind. Eng. Chem., 7, 466,

1915), and reviewed on page 165 of Year Book No. 14 (1915). Some interest-

ing applications of these conclusions to the development of portland cement
are pointed out.

(29) Chemical analyses of igneous ro(;k!-:, published from 1884 to 1913, with a critical

discussion of the character and use of analyses. H. S. Washington. U. S.

Geol. Survey, Professional Paper 99, 1,200 pages (1916j.

This is a revision and expansion of Professional Paper 14, published in 1903.

The text is devoted to discussions of the importance of chemical analyses in

the study of igneous rocks; the general characters of rock analyses, referred

especially to their accuracy and completeness; the possible sources of error

involved in making them; the method adopted of "rating" them, that is,

determining their relative w^orth for use; remarks on several features of the

tables; and a list of the publications consulted, with some minor matters.

The tables are divided into four parts: I, superior analyses of fresh rocks; II,

incomplete, but otherwise superior, analyses of fresh rocks; III, analyses of

weathered rocks and of tuffs; IV, inferior analyses.

The total number of analyses amounts to about 9,500, while the earlier

edition embraced 2,881. The search for analyses throughout the literature

has been very thorough, chiefly based on the Library of the U. S. Geological

Survey, and it is believed that the collection is practically complete for those

which have been published between 1884 and 1913, both inclusive, with the

addition of many hitherto unpublished analyses contributed by petrographers

and official surveys of many countries.

The analyses in Part 1 (which are all of superior quality and therefore the

most useful) number about 4,950. The "norm" of each has been calculated

by the author, and these analyses are arranged according to the quantitative

system of classification. The analyses in the other parts are arranged

according to the usual system.

It may be added that all the original cards on which the analyses were

collected are preserved and on file in the Geophysical Laboratory. It is

purposed to arrange them geographically, and to use them, in conjunction

with the published work, in studies of the distribution of rocks over the earth,

the characters of petrographic provinces, and other subjects.

(30) The common refiactorv oxides. Robert B. Sosman. J. Ind. Eng. Chem., 8, 985-990,

(1916).

Some of the properties of the individual oxides are compared and a graphical

summary is given of all the possible two- and three-component systems of

SiOz, AlzO.-i, ^IgO, CaO, FeO, and FezOa. The l^inary compounds are in most
cases made up of the individual oxides in simple proportions, usually 1 : 1 or
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2:1. The ternary compounds are likemse made up of the simpler binary-
compounds in simple proportions. The impression given by a general review
of the silicates and other compounds of the refractory oxides is that these
compounds are of the so-called "molecular" class. Little is to be expected,
therefore, from structural formulas for the silicates until the nature of the
chemical union in "molecular" compounds is better understood. The bear-
ing of the X-ray analysis of crystal structure upon the problem is shown, and
it is suggested that certain of the more complex crystalline compounds may
be geometrical rather than chemical products. Various examples of the
practical aspects of the properties discussed are added.

(31) A precision projection plot. Fred. E. Wright. .J. Wash. Acad. Sci., 6, .521-.524 (1916).

For the graphical solution of spherical triangles and of certain crystallo-

graphic-optical problems a projection of the sphere, such as the stereographic,
is commonly used. Chauvenet in 1854 published such a stereographic pro-
jection plot; in 1885 Sigsbee prepared an exceedingly exact stereographic
projection plot and recommended that the solution be made by means of

tracing-paper placed over the accurate base-plot. In 1902 Wulff proposed the
same procedure as a new method, which is now known imder his name.
The method should, however, be called the Chauvenet-Sigsbee method. The
precision plot described in this paper is simply a mechanical device for rotating
a piece of tracing-paper over an accurate projection-base printed on thick
celluloid. A metal stand supports an electric light which illuminates a disk
of frosted plate-glass; this plate in turn supports the equatorial projection-net
which can be accurately centered to the axis of rotation of an outer steel ring
which runs in an accurately turned bearing and carries the tracing-paper on
which the measurements are plotted in the positions indicated by the under-
lying projection-base. The tracing-paper is held in place b}' means of hinged
iron bars which pass over the outside square ends of the rotating ring and
clamp the paper securely.

(32) The lava eruption of Stromboli, summer-autumn, 1915. F. A. Ferret. Am. J. Sci.

(4), 42, 443-463 (1916).

This paper describes one of the most violent eruptions of Stromboli that has
been recorded, and one which is especially noteworthy because of the almost
continuous emission of lava down the Sciarra during a period of about 5
months—the emission of lava being a rare phenomenon at this volcano, where
the activity is normally of the explosive type.

The record of observed phenomena is based upon personal observations
from November 9 to November 30, 1915, supplemented by notes made
during the preceding months by an Italian official on the island. Four
vents were active, three being on the upper edge of the Sciarra and the other

farther back on the terrace. The lava issued from a tunnel-like opening close

to one of the permanent explosive vents (A), near the center of the upper part

of the Sciarra, and at times it floM^ed in a continuous stream to the sea. A
remarkable feature of its entrance into the sea was the absence of commotion
whenever the lava flow was still incandescent on entering the water. This
phenomenon, also observed at Sakurashima, is attributed to the formation of a
protective, thin, poorly conducting, and quasi-flexible lava sheath through the

sudden chilling. Chemical analyses show that this lava is a basalt, and closely

resembles in composition those of previous eruptions.

Observations were made of the changes in the volume of visible vapor (the

"smoke" cloud) above the vents concomitant with the hygroscopic state of

the air—a change from a dry to a damp atmosphere immediately resulting in

a great increase in the amount of the volcanic "cloud," without any cor-
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respondinfj; change in the state of volcanic activity within the craters. This is

attributed to atmospheric condensation due to the volcanic dust.

In contrast with previous eruptions, explosive phenomena were not con-

spicuous features, though two violent explosions were recorded. This is in

accord with an opinion already expressed elsewhere, that Stromboli has

recently entered on a new period of increased activity of a kind different from

that which has been observed at Stromboli hitherto, and one which should

therefore be most carefully and if possible continuously studied.

(33) On the measurement of temperature in bore-holes. John Johnston and L. H. Adams.
Econ. Geol., 11, 741-762 (1910).

A systematic and accurate investigation of temperature gradients within

bore-holes is desirable because it would yield information as to the relative

heat conductivity of different strata, and there is also reason to believe that

it would be of some economic importance. Such an investigation would,

however, be of little use unless the accuracy of the observations were better

than has hitherto been customary. In this paper the various methods which

may be used for the measurement of temperatures in bore-holes are discussed

in detail and some of the precautions which must be observed are pointed out.

The electrical-resistance thermometer is recommended as the most satis-

factory device for such temperature measurements, and some new results

obtained with a resistance thermometer are presented. It appears that the

mercury thermometer can not yield results with an uncertainty less than
±0.1° C., that it is not absolutely trustworthy unless the temperatures to be

measured are higher than the prevailing air-temperature at the surface, and
that the attainment of even this accuracy requires an exposure of more
than an hour at each horizon. In comparison with this, the accuracy of the

electrical thermometer is ten times as good, and the time required for an

observation is not over one-third as long; the necessary apparatus is, however,

somewhat less easily portable and its operation requires some degree of

previous experience with electrical measurements.

(34) The r61e of inorganic agencies in the deposition of calcium carbonate. John Johnston
and E. D. WiUiamson. J. Geol., 24, 729-750 (1916).

Though organic agencies are predominantly responsible for the deposition

of calcium carbonate, yet the purely inorganic factors should also be taken

into account in discussions of the mode of deposition. In this paper emphasis

has been laid on one point which has not received adequate recognition, namely,

the concentration of calcium relative to the limiting saturation concentration of

calcium carbonate under the particular conditions, or in other words, the

relative degree of saturation with respect to calcium carbonate in the ocean.

The importance of this factor is obvious if we recollect that the chance of a

permanent deposit is, ceteris paribus, greater the more nearly saturated the

surrounding water is ; its neglect is doubtless due to the erroneous and mislead-

ing statements as to the solubility of CaCOs which have been prevalent.

The solubility under specified conditions can now be calculated with the

requisite accuracy; it is affected materially by variations of temperature and
of concentration of free C'Oa such as occur in nature. For example, a change

in the proportion of CO2 in the adjacent air from 3.2 to 3.0 parts per 10,000,

or an increase of temperature of 2° C. would result ultimately in the precipita-

tion of about 2 grams CaCOj from every cubic meter of a solution saturated

with it. Comparison of the solubility as calculated with the available analyt-

ical data indicates that the warmer surface layers of the sea are substantially

saturated with respect to calcite, and, consequently, that precipitation is to be

expected wherever the water is being warmed, or is losing CO2, or both, and
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this independently of any other agencies. Indeed, these inorganic factors

must be considered, no matter what be the agency inducing precipitation; for

example, there is ground for believing that calcareous organisms are more
abundant the more nearly saturated with CaCOs the water is. The view,

here advocated, that a somewhat greater role be assigned to the inorganic
factors than has hitherto been usual, does not conflict with other views—it

merely shifts the emphasis a little; nor does it conflict with any facts that have
been definitely ascertained. Its precise importance can be determined only
by accurate determination of temperature, salinity, and, particularly, of con-
centration of CO2—free and total—of the water, carried out systematically
over the ocean; the results of such an investigation, properly carried out,

would have an important bearing on many outstanding biological as well as

geological problems.

(35) An apparent coiTespondence between the chemistry of igneous magmas and of organic
metabolism. H. S. Washington. Proc. Nat. Acad. Sci., 2, 623-626 (1916).

It has been shown that in igneous rock magmas and in minerals magnesium
and potassium on the one hand, and iron and sodium on the other, tend to

vary together. It is pointed out in this paper that, seemingly, the same
relations hold true in the organic world, iron and sodium being essential to the
metabolism of animal life and magnesium and potassium to that of vegetable
life. This is indicated by the following facts: Hemoglobin and its derivatives

(essential to the higher animals in the oxidation processes) are iron com-
pounds; and sodium, rather than potassium, is an essential constituent of the
blood plasma, while potassium is relatively toxic. On the other hand, chloro-

phyll, which is chemically closely allied to hemoglobin, and which is the
agent by which most plant life assimilates CO2 from the air, is a magnesium
compound, and at the same time potassium is essential to plant life, while
iron and sodium are relatively toxic.

Tliis congruity of these two pairs of elements, both in the mineral and
organic worlds, may be simply fortuitous, but it is suggested that it probably
depends on fundamental chemical relations, as yet unknown.





DEPARTMENT OF HISTORICAL RESEARCH.*

J. Franklin Jameson, Director.

The following report, the eleventh annual report of the present

Director, covers the period from November 1, 1915, to October 31,

1916. The regular staff of the Department has continued without
change during the year. During several months of the year the

Department had the aid, at first for a portion of the time, but afterward

continuously, of Dr. James A. Robertson, librarian of the PhiUppine
Library at Manila, who rendered valuable services in connection with
the preparation of the proposed Atlas of the Historical Geography of

the United States.

The Department has continued to occupy the same quarters as in

preceding years, in the Woodward Building in Washington. During
the summer months, in accordance with its usual custom, the Director

and a portion of the staff worked at its sunmier headquarters in North
Edgecomb, Maine, while several other members of the staff worked at

the library of Harvard University, where most gratifying privileges

were accorded to them, and some in Washington, where, it can not be
too often emphasized in these reports, the Library of Congress, with
the greatest liberality, affords the Department every facihty and oppor-

tunity that could be desired. Special acknowledgments should be made
of the constant kindness of Dr. Gaillard Hunt, chief of the Division of

Manuscripts, and Mr. P. Lee Phillips, chief of the Map Division, as

well as of the Librarian of Congress, Dr. Herbert Putnam.
The main purpose of the Department, as set forth in former reports,

is, briefly expressed, to serve the interests of present and future makers
of historical monographs and general histories, by providing aids

belonging to one or the other of two main classes—either books which
show the inquirer the existence and location, or assist him in the use,

of bodies of historical sources, or books which themselves present in

proper scientific form the full text of important historical materials.

Thus the pubUcations of the Department fall naturally in tw^o classes,

the one that of reports, aids, and guides, the other that of textual

pubUcations of documents. It has been customary in these annual

rfeports to consider, successively, first the work of the past year, in

respect to each of these two classes of publications and in respect to the

miscellaneous activities of the Department, and then the plans for the

ensuing year, under the same three headings.

*Address: 1140 V/oodward Building, Washington, D. C.
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WORK OF THE PAST YEAR.

REPORTS. AIDS, AND GUIDES.

In June the Institution published for the Department a Guide to the

Materials for .Vinerican History in the Archives of Switzerland and

Austria, in which the main portions, relating to the archives of the

German cantons of Switzerland, and to those of Austria, were prepared

by Professor Albert B. Faust, of Cornell University, after a careful

examination of those archives extending through several months in

1913, wliile the portion relating to the archives of the French cantons

of Switzerland rests upon investigations made by the Director of the

Department. The volume is one of 299 pages and has a full index.

It describes the archives and what they contain for American history

with fulness of detail, and in the manner deemed most useful to

students of that history. Swiss and Austrian emigration to America,

in both the eighteenth and nineteenth centuries, ha\'ing formed a

highly important element in the Gennan movement toward America,

and having contributed a large element to our Gennan-American

population, it is expected that students of that movement will find the

book valuable, and indeed reviews of it already pubhshed have testified

to such esteem. Mr. Faust has himself presented to the public some

of the chief results that may be derived from the data discovered by

him, through a valuable article in the American Historical Review for

October 1916, entitled ''Swiss Emigration to the United States in the

Eighteenth Century," and accompanied by a body of interesting

docmnents from the Swiss archives printed in extenso. Genealogical

societies interested in the early Gennans in America have manifested

interest in his discoveries from another point of view.

As the year reported upon is coming to its end, the Institution is

on the point of publishing, in a volume of 594 pages, a Descriptive

Catalogue of the materials for United States history in that section of

the Archives of the Indies, at Seville, which is called "Papeles proce-

dentes de la Isla de Cuba," prepared by Mr. Roscoe R. Hill, now
professor of history in the University of New Mexico. The text of this

book, planned by Mr. Hill at the beginning of his labors to consist of

500 pages, and actually consisting of ahnost exactly that number, takes

up in numerical order the 934 legajos, or bundles, in this section of the

Archives of tlie Indies, relating to the history of the United States,

chiefly in the period between 1763 and 1819, and gives a methodical

description of each. This description, averaging about half a page

of print in the case of each legajo, gives in full the title or designation

borne by the legajo, its size, and the number of documents which it

contains, exact infonnation concerning the dates which it covers and

the distribution of the papers within those dates, a general description

of its organization, or subdivisions, with statements as to writers

and persons addressed and as to the main subjects touched upon, and
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an enumeration, with titles when necessary, of the most important
documents in each bundle. The text, therefore, furnishes general

guidance to a collection of papers numbering between 400,000 and
500,000 and, upon a conservative estimate, makes particular or indi-

vidual mention of not less than 10,000 of the most important among
them. An elaborate index, prepared by Mr. David M. Matteson, of

Cambridge, Massachusetts, noted for the preparation of many excel-

lent indexes to historical books, extends to nearly 100 pages of print,

and makes the whole mass of material readily available to the inquirer.

The ''Papeles procedentes de la Isla de Cuba" constitute the main
mass of material for the history of Spanish Louisiana and of Florida

in the period named, and it is safe to say that this volume alone, if

due use is made of it by students, is capable of placing that whole
history upon a new basis. On the one hand, the main concerns of

provincial administration are fully covered by documents of the first

rank, such as the correspondence between the provincial governors
and their superiors in office, the Captains General at Havana and the
ministers in Spain, while on the other hand the local history of places

in the region at which the Spaniards had even the smallest posts can be
followed through the aid of the documents left by the officials of that
Government, than whom few administrative officials in the world's

history have made a more unwearied use of the pen.

In the last annual report mention was made of a fuller guide to the

same material, retained for the present in manuscript, namely, a calen-

dar which Mr. Hill had caused to be made of about 143 legajos selected

as the most important and embracing itemized descriptions of some
58,000 documents. This calendar had been made by him and his

clerical assistants at Seville, in duplicate, on two sets of slips. The
process of arranging one of these sets of nearly 60,000 slips in chrono-
logical order has been begun. It is expected that by means of this set

the Department will be able to locate promptly in the Archives, for the
benefit of any historical inquirer, any important paper in the collection.

The other set remains arranged by legajos, in the order in which the

documents themselves are found.

During the year the photographers acting for the Department, Srs.

Hijos de Perez Romero, in Seville, and the photographic printer Mr.
L. Doysie of Paris, have completed the set of photographs, embracing
3,000 plates, intended to cover the main series of regular official

(civil) despatches, found in the Papeles procedentes de la Isla de Cuba,
addressed by Spanish governors in Louisiana to the Captain General at

Havana, and extending from the arrival of LUloa as governor in 1765
to that of Carondelet at the beginning of 1792. Mrs. Adolph Ban-
defier, to whom the Department is much indebted for supervision of

the work during its progress in Seville, carried out after her return to

America the making of a calendar of each of these despatches, copies of

which can serve as tables of contents to the collection, and as guides to
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its use in any library which may purchase a series of the photographs.

Ten prints have been made from each negative, and ten series of

photographs are available for purchase by institutions or individuals in

America. The series is arranged in chronological order, and presents

remarkably few gaps. Sets will be sold at the cost of the photographic

work and printing.

Professor Frank A. Golder's Guide to the Materials for American

History in the Archives of Russia now stands entirely ready in proof,

and will be issued as soon as the index, finished in manuscript,

can be printed and the volumes bound. It constitutes a volume
of 177 pages, treating in methodical order the American contents of

each of the many archives in Petrograd and Moscow. The documents

for American history in these archives, it should be pointed out, while

in some cases available only to those who read Russian, are in at least

as many instances written in French. This is especially true of the

documents in the archives of the Ministry of Foreign Affairs, which

illustrate in the fullest manner the diplomatic relations, highly

important at several periods, between Russia and the United States.

These papers Mr. Golder was pennitted to examine down to 1854,

while in several other ministries, notably that of Marine, his permis-

sions extended much farther. Naturally, the two chief matters of

American history upon which light may be obtained from the Russian

archives are the mutual diplomatic relations between the two govern-

ments, and the history of Russian America. Upon the latter subject,

while the archives of the Russian American Company have in the main
disappeared, there is in various archives a great amount of valuable

material, covering the whole history of Russian expansion in the

Pacific from the times of Bering till the cession of Russian America to

the United States in 1867. As the development of the Pacific coast

comes to its true place in the history of the United States, such materials

as Mr. Golder has discovered and noted will be rightly appreciated.

It is proper to acknowledge the generous aid, in the revision of a

portion of the manuscript, received from Professor Alexander Lappo-

Danilevskii, of the Petrograd Academy of Sciences.

Mr. Leland has devoted a large part of the year to working over the

notes which he took during his various expeditions to Paris, to serve

as a basis for a guide to the manuscript materials for American history

in the archives and libraries of that city. The work, it will be re-

membered, was interrupted by the advent of the war and the closing

of certain archives, at a time when small but significant portions

of several of them still remained to be covered. Those notes which

Mr. Leland has nearly ready for the press are those relating to certain

materials in the Foreign Office, the jVIinistry of the Colonies, and the

Archives Nationales. During the latter part of the year, however, it

has been decided that a volume on the historical manuscripts relating to

America in the Parisian libraries can be prepared for publication, even
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should Mr. Leland not be able to return to Paris during the coming

year. Consequently he is at present engaged in preparing for the

press that portion of his report which deals with the Bibliotheque

Nationale. This will be accompanied by reports on materials in other

libraries of Paris, notably that of the Arsenal, the Mazarine, the Ste.

Genevieve, that of the Chamber of Deputies, and other similar

libraries. The whole will constitute a considerable volume, of which

students can make profitable use without waiting for the completion

of the volumes on the arcliives.

Work on the Atlas of the Historical Geography of the United States

has been prosecuted chiefly in the Map Division of the Library of

Congress, where aid of the greatest value has been most obligingly

supplied by Mr. P. Lee Phillips, chief of that division. The work of

Dr. Paullin, who has principal charge of the enterprise, has consisted

chiefly in the elaboration of the maps, and of the accompanying letter-

press, illustrating the history of the boundary controversies of the

United States from 1776 to thepresent time. This large piece ofwork has

been nearly completed. It has involved prolonged historical research,

and the construction of many ingeniously devised maps. In Novem-
ber 1915, in order that the most expert advice upon the problems

involved might be obtained at the beginning of the work, a special

conference was called, in which the following gentlemen, invited by
reason of special acquirements bearing upon the problems from
different points of view, obligingly took part: Dr. Otto H. Tittmann, for

many years chief of the United States Coast and Geodetic Survey; Mr.
John E. McGrath, of that estabhshment; Mr. James White, formerly

geographer of the Dominion of Canada and editor of its official atlas;

and Dr. Jesse S. Reeves, Professor of International Law and of the

History of Diplomacy in the University of Michigan. The conference

continued for a week. Dr. Tittmann kindly serving as chairman. Dr.

Paulhn as secretary. The Department would wish to make pubhc
expression of its gratitude to these accomphshed gentlemen. Their

friendly and in a sense international discussions were of great interest,

and resulted in many valuable suggestions toward the work in hand.

Besides the completion of this section of the Atlas by Dr. Paulhn,

assisted by Mr. J. B. Bronson, of the Navy Department, as draftsman,

the Department availed itself of the presence of Dr. James A. Robert-

son in Washington to carry through its prehminary stage the prepara-

tion of another important section of the Atlas. This was the section

devoted to reproductions of old maps, as a means of exhibiting the

progress of geographical knowledge respecting America, the progressive

opening up of the continent by European, and later by American,

explorers. Dr. Robertson, whose acquirements in the field of carto-

graphical history are well known, spent several months in a careful

survey of all the material available for his purpose in the Library of

Congress, and also visited certain collections in New York, where he
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was most kindly aided b}' Dr. Edward L. Stevenson, librarian of the

Hispanic Society of .Vmerica ; bj'^ Dr. Isaiah Bowanan, of the American
Geographical Society, and others. His report, rendered at the end of

the year, presents a comprehensive and ingenious scheme whereby,

within a moderate compass of about 34 plates, what is essential in the

cartographical history of America can be exhibited in photo-litho-

graphic facsimile, without attempting, as it would be out of scale to

attempt, such elaboration of the theme as has been, in certain

portions of the field, carried out by Dr. Stevenson himself, in the Atlas

specially devoted to this division of it which he has prepared. Dr.

Robertson has also composed, in at least a preUminary draft, a large

part of the letter-press which should accompany the maps proposed by
him for inclusion in this portion of our Atlas.

In August and September the Department was able to avail itself,

for several weeks of his official vacation, of the services of Mr. Luis Marino
P^rez, librarian of the House of Representatives of Cuba, and author

of the Institution's ''Guide to the Materials for American History in

Cuban Archives." Mr. Perez proceeded to Jamaica, having in hand a

partial inventory of the archives of that island which had been prepared

by Professor Charles H. Hull, of Cornell, during a visit to the island

some years ago, and elaborated this inventory by further researches

into a comprehensive report upon the archives of the colony. It is a

pleasure to acknowledge the courtesies and facilities which he received

from the governor of Jamaica and other authorities of the island, at the

instance of His Excellency the British Ambassador in Washington.

TEXTUAL PUBLICATIONS OF DOCUMENTS.

The first volmne of Dr. Davenport's collection of "Treaties between

European Powers, relating to American History," extending to the

treaties of 1648, has also received much benefit from Dr. Robertson's

presence in Washington. He has obUgingly read those portions of

the text, relating to the earUest periods of American history, which lay

within the field of his own special studies and has made valuable sug-

gestions. The Director hopes soon to complete his own reading of the

manuscript and to submit it for publication. Dr. Davenport, herself,

has continued through the year the preparation of her second volume.

The volumes of "Letters of Delegates to the Continental Congress"

have been slightly increased by the addition of letters which have come
to light during the year. Dr. Burnett has completed the process of

annotation to the end of March 1778.

The preparation of the series of "Proceedings and Debates of Parlia-

ment respecting North America from 1585 to 1783" consists naturally

of two portions, the work on the proceedings of the English House of

Lords, the English House of Commons, the Irish House of Lords, the

Irish House of Commons, and the Scottish Parliament, and the work

on the debates in these bodies. The selection and copying of materials
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of the first sort, from the journals of these various bodies, has now been

completed. The work on the debates has thus far been confined by-

Mr. Stock, editor of this series, to the debates of the English Lords and

Commons. This portion of the work requires a greater amount of

critical labor than that on the proceedings. The latter, though neces-

sarily requiring much time, has consisted simply in finding, and in

drawing off from the journals, the passages relating to .\merica; but

the debates, being unofficially reported, are presented in a variety of

sources, and require the examination of varymg reports of the same

debates, the making of decisions as to their mutual relations and their

varying degrees of authority, the selection and copying of texts, and

the collecting of material for proper annotation. The selection of

texts of debates has been finished to 1750, and the beginning of the

work of copying them has been made. The remarkable record of

debates in the Parhament of 1768-1774, kept by Henry Cavendish, M. P.

(a Parhament otherwise but little reported), has been in large part copied

from his manuscripts preserved among the Egerton manuscripts in the

British Museum, Wright's printed version of certain parts, published in

1839-1843, having been found to differ widely and almost constantly

from the original. Much of Cavendish's manuscript, in the parts which

Wright did not reach, presents great difficulties of reading and interpre-

tation, parts of it indeed being in a difficult short-hand ; but it is beUeved

that, with the aid of the copies of certahi portions, and the photographs

of others, which have been ordered, it will be possible to obtain from

this source a considerable amount of additional material regarding the

often unportant discussions of American affairs in this Parhament.

Miss Donnan, in portions of her time not occupied with editorial

labors upon the American Historical Review, has been at work in the

search for material upon the history of the African slave-trade, the

sources and methods of supply, on which it seems possible to bring

together an important collection of original material of great interest.

Her search has extended through all narratives, found in the Library of

Congress and in several other American libraries, of travelers, explor-

ers, scientists, missionaries, sea-captains, captives, pirates, officers of

the Royal African Company, and slaves, who spent any time on the

west coast of Africa between the beginning of the fifteenth and the

beginning of the nineteenth centuries.

MISCELLANEOUS OPERATIONS.

As heretofore, the editing of the American Historical Review has

been carried on in the office of the Department and by its staff. Aid

has been given in a number of ways to the American Historical Associa-

tion, of which Mr. Leland is secretary, and to various other American

historical societies and departments of history in the several States,

for which investigations or other services could be performed in Wash-
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ington. Besides the extensive series of copies of historical manuscripts

which is being made in Paris for the Library of Congress under Mr.

Leland's direction, Mr. Golder procured for the same institution a body
of transcripts from Russian archives. As in previous years, searches

and copies have been made, in Washington archives, by the Department,

or under its supervision, for a considerable number of inquirers.

The Department has endeavored to do its part toward bringing about

the erection, in Washington, of a suitable national archive building.

At the conference of archivists held in Washington in December, at

the time of the meeting of the American Historical Association, Mr.

Leland and Mr. Stock made an effective exhibition, by lectures and

slides, of the evil conditions now existing and of the remedies sug-

gested by European example, in the form of archive buildings and

devices. Their demonstration was repeated before the Pennsylvania

History Club at Philadelphia and before the American Library Asso-

ciation at its annual meeting at Asbury Park, in June.

PLANS FOR 1917.

REPORTS. AIDS, AND GUIDES.

The first work of the Department in the year beginning November 1,

1916, should be the issue of Mr. Hill's Descriptive Catalogue (Seville)

and of i\lr. Golder's Guide to the Materials for American History in

the Russian Archives. Mr. Leland will do all that can be done to

finish, within the year, that volume of his Guide to the Parisian

materials which concerns manuscripts in libraries. At some time

after the conclusion of the present war, the collection of the last

remaining data for his other volumes can be undertaken.

But for conditions incident to the war, the Department had hoped

to send a scholar of high qualifications for the purpose, Professor

Herbert C. Bell, of Bowdoin College, to make an examination of the

archives of the British West Indies (exclusive of Jamaica, already cov-

ered by Mr. Perez's researches), and to compile a report upon what

they contain. This now seems inexpedient, but it is possible, while

waiting, to prepare in London a portion of the same book, for the

data to be collected in the West Indies would need to be supplemented

by fuller details regarding the papers, relating to those islands, which

are preserved among the Colonial Office papers in the Public Record

Office at London. The materials in London and the materials in the

islands are the necessary complements of each other. A volume so

composed, presenting a detailed view of the historical materials in and

relating to the British West Indies, would be of high value to all

students of the Colonial and Revolutionary periods of American history;

for the history of the mainland colonies can not possibly be rightly

understood, except in connection with the island colonies associated

with them in the same imperial system.



DEPARTMENT OF HISTORICAL RESEARCH. 169

Dr. Paullin, with such appropriate assistance as can from time to

time be invoked, will work upon the Atlas of the historical geography
of the United States.

TEXTS.

The Department will expect to be pennitted to bring out, during the

year, the first volume of Miss Davenport's Treaties between European
Powers, relating to American history, extending to 1648, while she pro-

ceeds toward the completion of the second volume, extending from
that date to 1713.

Dr. Burnett will expend as large a part of his time as is possible upon
the further annotation of his "Letters of Delegates to the Continental

Congress." It has been concluded that the better course will be to

bring out the volumes of this series as they are completed, without
waiting for the completion of the whole work to the j^ear 1789. Ac-
cordingly, Dr. Burnett's first task will be to put the finishing touches

upon the first volume, which is expected to extend from the first

assembling of the Continental Congress in September 1774, either to

July 4, 1776, or to the end of that year.

Similarly, in the case of the series of ''Proceedings and Debates of

ParUament respecting North America," it has been resolved that the

first volume shall be put into its final shape and offered for publication

at once. This first volume will extend to some point in the early part

of the eighteenth century. It will inevitably consist mainly of

materials from the journals of Lords and Coimiions, debate material

respecting America being relatively scanty in the seventeenth century.

With this object in view, the manuscript material in the British

Museum, needed for the purposes of the series, to 1750, will be pro-

cured in transcripts as early as possible in the year.

Miss Donnan will devote whatever time is not occupied with her

duties in connection with the American Historical Review to further

research in the history of the African slave-trade, relating especially to

the sources and methods of supply.

MISCELLANEOUS OPERATIONS.

The Department will no doubt maintain, in 1917, activities similar

to those which, under this heading, have been described above in that

part of this report which relates to the last 12 months. It is confidently

believed that the presence of Professor Frederick J. Turner, of Harvard
University, as Research Associate, will stimulate all the work of the

Department. It will certainly cause all those who are occupied in its

activities to appreciate more vividly the relation of their work to

that of historians and to the general progress of American historical

study and literature.
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Alfred G. Mayer, Director.

The abandonment of the United States naval base once maintained
at Tortugas renders it practically imperative that we also abandon this

region as a site for our principal laboratory; for despite its preeminent
advantages in the purity of its ocean water, its isolation, so conducive
to intensive research, and its fauna well supplied with forms required

for the needs of a modern experimental laboratory, the expense of

maintenance has become so great that another more available site

must be selected in which to continue and expand our studies. The
rising price of gasoline is a considerable factor in this regard, for our
only means of communication with the world is through Key West,
distant 68 miles, and thus our yacht the Anion Dohrn must make
weekly trips to this base of supplies and back to Tortugas, drawing
away her crew and depriving us of her services in such oceanographic
work as she is well fitted to undertake.

It is therefore necessary that the best possible site for our new base
be found and that the entire West Indian region be studied with a view
to supplementing the studies which may be carried out at the main
laboratory wherever situated. With this in view, the Director has
already visited Jamaica, Porto Rico, St. Thomas, St. Croix, Guade-
loupe, Martinique, Dominica, St. Lucia, Barbados, and Demerara,
and during March and April 1916, accompanied by Dr. H. L. Clark,

of the Museum of Comparative Zoology at Harvard University, and
Dr. Theodor Mortensen, of Copenhagen University, a visit was made to

Tobago and Trinidad. Our engineer, Mr. John Mills, went with us,

and it is due chiefly to his intelligent and active interest that the
remarkable success of the expedition was achieved.

We left New York on March 11 and returned on May 8, and although
without letters of introduction to the officials of the Government of

Tobago we were most courteously received and kindly welcomed by
the Honorable Hubert Strange, the local governor, as well as by Messrs.

Thomas E. Miller, H. R. Hamilton, and Harold de Pass, officials and
prominent estate owners of this beautiful island.

Our expressions of gratitude are especially due to Albert H. Cipriani,

esq., of Port-of-Spain, who generously placed at our disposal, free of rent,

the excellent estate house at Pigeon Point, Tobago, which proved to be
in all respects an ideal residence for our laboratory. Our most efficient

and constantly helpful friend while here was Harold Kernahan, esq.,

manager of the large coconut estate of this end of the island.

While at Port-of-Spain, also, our expedition was significantly aided

by advice and active assistance on the part of Mr. and Mrs. J. B. Rorer,

^Situated at Tortugas, Florida.
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to whom we owe our introduction to Mr. Cipriani, as well as to Judge
Blackwood Wright and others whose interest and kindness leave upon
all of us a charmed impression of this most beautiful tropical island, a
region wherein one may enjoy all the advantages of highly inteUigent

civilization and yet be surrounded by the most luxuriant and varied

forest of the New World.

Being situated about 20 miles north of Trinidad, Tobago is separated

from the muddy shore-waters which creep westward along the South
American coast. The island, surrounded by pure blue ocean-water, Ues

directly in the course of the northern branch of the Great Equatorial

Current of the Atlantic, which drifts upon this region from the distant

coast of Africa. Thus the pelagic life of the tropical Atlantic is carried

dii-ectly upon the shores of Tobago, and the island affords an unrivaled

situation from which to study the floating animals of the warmest
parts of the ocean, thus enabling the Director to make a notable addi-

tion to his observations and drawings of the siphonophores.

The greater part of the land area of Tobago is of igneous and plutonic

rocks, much broken and eroded and covered on the high summits with

primeval forest, but the low-lying southwestern end consists of an
elevated coral-bearing limestone, which off Milford Bay and Pigeon
Point is fronted by one of the richest fringing reefs of the West Indies.

Dr. H. L. Clark found 75 species of echinoderms in this region, about
one-quarter of which are new to science. The fauna of Tobago, both
marine and terrestrial, shows distinct South American affinities and is

thus richer than that of the other West Indian islands, there being only

about 52 species of echinoderms known from Jamaica, while more than

one-third of the Tobago species are not found at Jamaica. Among the

most interesting echinoderms of Tobago is the crinoid Tropiometra,

which is common in water from 1 to 5 deep feet over Buccoo Reef near

Pigeon Point.

Dr. Mortensen, of Copenhagen University, who accompanied our

expedition, raised this form, together with 9 other species of echino-

derms, and he found that Tropiometra passes through a stalked and
attached pentacrinoid stage. Dr. Clark found that it is remarkably
resistant to changes both in temperature and salinity, and this,

together with its commonness, and the ease with which the ripe eggs

may be obtained in March and April, should make it a classic object

for experimental work, Tropiometra being the only crinoid known to be

abundant in the very shallow water of the entire American region.

Dr. Mortensen had been upon a world-tour, engaged in the study of

the development of echinoderms, of which he has reared a larger

number than have all other previous students of the group combined.

He found Tobago to be superior to any other single locaUty he had
previously visited for this purpose. Indeed, a limestone region is an
essential for success in rearing most marine invertebrates in aquaria
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supplied with coastal water, for the excess of calcium reduces the free

CO2 which is highly poisonous to most marine larvse. The reduction

of CO2 is characteristic of those parts of the West Indian region

wherein the surface-water is charged with a colloidal precipitate of

CaCOs due to bacterial action, as determined by Drew, Kellerman, and
Smith.

The following 14 investigators studied under the auspices of the

Department of Marine Biology during the year:

Name.
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Owing to the probable necessity for abandoning the Tortugas as a

site for oiir principal laboratory, it seemed desirable to avoid intro-

ducing new investigators to this region, fearing that their work might

suffer should they be obliged to go elsewhere to complete it. More-

over, it seemed necessary to send Professor Harvey to Japan and

Professor Treadwell to Bennuda. The Department has found that

while it is relatively inexpensive to start a research, its legitimate

requirements are apt to draw heavily upon us as the work proceeds, new
and expensive experiments with costly apparatus often being required.

It is, however, the first aim of the Laboratory to maintain adequately

every research which falls under its auspices, and with the generous

support of the President and Board of Trustees it has been able to

carry out this ideal in an efficient manner.

No hmitation should be attached either to the scope or character of

our research, provided it falls under the broad domain of marine

biology. Thus practical problems should interest us when such fall

within our scope and when we are exceptionally fitted to give aid to

their solution. For some years the Bahama Government has been

interested in the possible artificial culture of the sponge-beds of these

islands, and as extensive experiments have been conducted in this field

under the direction of Mr. E. Chase, at Sugar Loaf Key, Florida, His

Excellency Sir William Allardyce, K. C. M. G., Governor of the

Bahamas, was pleased to appoint, through the agency of the Marine

Products Board, Mr. H. C. Christie, who thus made a study, under our

auspices, of both the artificial and the natural sponge-beds of Florida in

order that he might report to liis Government upon their condition with

a view to improving the sponge-fisheries of the Bahamas.
At Tortugas, Messrs. Bartsch, Bowman, Carj^, Goldfarb, Longley,

and Mayer continued the work they had commenced during or before

1915. Dr. Bartsch devoted a longer time than ever before to the

study of the cerions he has transplanted from the Bahamas, Porto Rico,

and Curagao to the Florida Keys.

Dr. Bowman presents a report upon his ecological and physiological

studies of mangroves, which he conducted at Tortugas and at Miami,
Florida.

For Professor Longley's researches, a new 26-foot naphtha launch,

the Darwin, having a glass bottom, and equipped to serve as a tender

in diving, was constructed during the winter of 1915-16 by our chief

engineer, Mr. John Mills. We also had made for his use an under-

water camera in order that he might take pictures of the reef fishes in

their natural habitat, viewing them as their enemies and associates

must see them. By means of these aids to research, Professor Longley

made a notable advance in his observations of the habits and colors of

fishes in relation to the appearance of their surroundings, proving that

protective coloration is a dominant factor in the ecology of reef fishes.
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It is only within the past few years that the importance of hydrogen-
ion concentration has been recognized in physiological reactions.

Accordingly, Professor J. F. McClendon came to Tortugas to make a

physiological analysis of the sea-water and to attempt to make up an
artificial sea-water in a sj^nthetic manner, his previous notable work
upon the hydrogen-ion concentration and the buffer substances in

blood having fitted him in an exceptional manner for undertaking this

research. For this puipose, he was provided by the Laboratory with a

potentiometer which had been standardized by the United States

Bureau of Standards. He found that the hydrogen-ion concentration

of Tortugas sea-water ranged from 8.1 to 8.22 PH, and that it was but
Uttle if at all affected by suspended silt due to stirring up of the

bottom, as occurred during the heavy storm of July 4 to 6. As
shown by L. J. Henderson, the bicarbonates of the sea-water, being

only sUghtly dissociated, act as buffer substances to prevent any
slight addition of acid from producing a marked change in the hydro-

gen-ion concentration.

Professor McClendon also made a physiological analysis of sea-

water, finding that its gaseous content was very important, and that

each liter of sea-water contained about 23.5 c. c. of 0.1 molecular NaOH,
which is balanced against the CO^, the pressure of which is 0.4 per cent

of an atmosphere. Thus he found that an artificial sea-water could be

made as follows: 1.0 molecular (NaCl 483.65 c. c.+NaBr 0.8 c. c. +
KCl 10.23 c. c. + NaHCOa 2.32 c. c.) + 0.5 molecular (MgS04 57.09

c. c. + MgClo 50.21 c. c. + CaCla 22.07 c. c.) + 373.63 c. c. of water.

As a solvent of the salts one should use either rain-water or distilled

water redistilled in a copper retort with a quartz condensing-tube, and
then throughly aerated by bubbling air through it. Sea-water made
according to this method sustained the vital activity of marine annuals

about as well as does natural sea-water. McClendon's method will

doubtless be of great value in physiological work wherein artificial sea-

water is required.

Certain of the results of these studies of McClendon were at once

applied by Dr. Cary and Dr. Mayer in their work on the reactions of

Cassiopea, the hydrogen-ion concentration of the solutions in which
the animls were placed being detennined both before and after the

experiments. Using these data, Professor Cary redetermined the effects

of the presence or absence of the marginal sense-organs upon the rate

of the early stages of regeneration in Cassiopea, while Mayer redeter-

miaed the cur\'e for the rate of nerve-conduction of Cassiopea m natural

sea-water diluted with distilled water and also in various partial or

complete sea-water solutions.

Professor Cary confirmed and made more precise his previous

determination that when even a single marginal sense-organ is present

the rate of the early stages of regeneration is more rapid than if a
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sense-organ be not present, and in addition he found that if sense-

organs be present the medusa starves more rapidly than if they be

absent. Thus the general metabolism of the medusa is under the

control of its nerve-centers.

Professor Gary also continued liis study of the growth-rate of

gorgonians, and his remarkable discovery that the gorgonians con-

tribute more limestone to the Tortugas reef-flats than do the stony

corals is so unexpected that he should be given an opportunity to visit

the Pacific reefs in order to determine whether this be a general or

merely a local condition. In accord with Vaughan's intensive studies

of the Florida-West Indian region, this discovery of Professor Gary's

tends to beUttle the coral factor as a constructive agent in the

building up of Atlantic coral reefs. Undoubtedly, however, the corals

are a more important factor in the Pacific than in the Atlantic, and their

effect in this greater ocean should be quantitatively determined.

Professor George A. Hulett, of Princeton University, was so kind as

to direct Mr. John H. Yoe in the distillation of 144 hters of water by

the well-known Hulett method, using the still in the Princeton labora-

tory. This water had a hydrogen-ion concentration, due to GO2, of

between 0.8 to 1.0 X 10~^ and it was sealed in Hter flasks of Pyrex

glass, and thus transported to Tortugas to be used in physiological

work. This water was used by Mayer to determine the rates of nerve-

conduction in Cassiopea when placed in sea-water diluted with distilled

water. The results suggest that sodium and calcium unite to form a

chemical combination with some proteid element. Na, Ga, and K
are the only cations necessary for nerve-conduction; Mg being nearly

as inert as distilled water. The ion-proteid concerned in nerve-con-

duction has a high-temperature coefficient of ionization. The reaction

is probably accelerated by an enzyne (Harvey, 1911). Recently Pro-

fessor Ralph S. Lillie has stated in the American Journal of Physiology

that the rate of nerve-conduction probably declines in the same ratio as

the conductivity in diluted sea-water, and tests made by us, using Kohl-

rausch's method with Tortugas sea-water, showed that this appears

to be true, but it is untrue for changes in temperature of the sea-water,

the rate of nerve-conduction augmenting 2.5 times as rapidly as does

the electrical conductivity as the water is heated. The rate of nerve-

conduction, however, does not depend on the electrical conductivity

of the sea-water, for it makes no significant difference whether the sea-

water be diluted with distilled water or with 0.4 m. MgGl2.

Professor A. J. Goldfarb conducted an important study of the effects

of aging upon the ability of the sperm of individual male echini to

fertilize the eggs of individual females. His report (pages 201-203) will

indicate the character of his results. Unfortunately, the heavy storm

of July 4 to 6 so agitated the echini over the Tortugas reefs that their

eggs were rendered useless and the work was interrupted at a most
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interesting stage, but it is hoped that it may soon be continued under
better conditions.

During the summer of 1914, Professor Henry H. Donaldson placed

upon East Key, Tortugas, 8 white rats, an albino of the Norway rat.

These apparently increased and seemed to be numerous in the summer
of 1915, but upon his visiting East Key in 1916, they were nearly

extinct, for only two females could be captured in traps. Accordingly,

in July 1916, Professor Donaldson brought from the Wistar Institute

Laboratory, in Philadelphia, about 100 white rats, 60 of which he

introduced upon East Key and 24 upon Garden Key. He intends to

revisit the Tortugas in 1917 and to determine the effects of isolation,

climate, and restricted food upon the brain-weight and general

anatomy of these animals. He found that the food of the rats upon
East Key, which is a small sandy islet covered with low bushes, con-

sists of grass-seed and shore crabs (Ocypoda). They lack fresh

water, excepting that derived from the occasional rains of this arid

region and from dew. Thus their struggle for existence is uncom-
monly severe and their margin of safety must be reduced to a minimum.
Professor Donaldson's report should be consulted by those interested

in the effects of a tropical climate, combined with meager variety in

food, upon rats accustomed previously to a wide variety of food in a
temperate region.

Dr. Skinkishi Hatai assisted Professor Donaldson in the study of

the white rats and also carried out an elaborate study of the decline

in weight and the nature of the substances consumed in starving

Cassiopea, the decline of various organs and parts of the body being

determined. These studies, it is hoped, he will continue in 1917 at

Tortugas. His preliminary report should be consulted by those inter-

ested in this subject. He found that there is a remarkable process

of adjustment during starvation by virtue of which the proportional

weights of the mouth-arms, disk, and velar margin become those of a

normal Cassiopea of the size of the reduced animal. His results,

although as yet incomplete, show an alteration of nitrogen content

as starvation proceeds, thus resembling the condition observed in

vertebrates. The loss of weight is practically controlled by the large

relative amount of gelatinous substance.

Professor Edward L. Mark, of Harvard, director of the Bermuda
Marine Biological Laboratorj^, was so kind as to extend to Professor

A. L. Treadwell an invitation to make use of the facilities of the

Bennuda laboratory in the study of the Eunicidse. This research has

been pursued by Professor Treadwell for many years, and he has

accumulated a valuable collection of drawings. These studies have
been conducted at Tortugas and Porto Rico, and it was therefore desir-

able that Professor Treadwell should visit Bermuda in order to deter-

mine the relationships between the polychaete fauna of the northern

and mid-region of the range of this tropical family of worms. Accord-
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ingly, the Department of Marine Biology made a grant to Professor

Treadwell to enable him to visit Bermuda, accompanied by an artist

and an assistant, and he thus spent five weeks at this well-equipped

station. In his report he draws comparisons between the Tortugas

and the Bennuda annelid faunae.

Annually since 1898 the Atlantic palolo worm, Eunice fucata Ehlers,

has swanned at Tortugas at or near the period of the last quarter of

the July moon, but occasionally at the time of the first quarter of the

moon when the last quarter came later than July 20. In 1916,

however, a dense swami came on July 14, the day of the full moon, and
an even more noteworthy swarm on July 20, the day of the moon's last

quarter.

The following papers were published by agencies other than the

Carnegie Institution of Washington during the year as a result of studies

conducted partially or wholly under the auspices of the Department

of Marine Biology:

Gary, Lewis R., 1916. The influence of the marginal sense-organs on the rate of regenera-

tion in Cassiopea xamachana. Journal of Experimental Zoology, vol. 21, No. 1.

, 1915. The influence of the marginal sense-organs on functional activity in Cassi-

opea xamachana. Proceedings National Academy of Sciences, vol. 1, pp. 61 1-616.

Clark, Hubert Lyman, 1915. Catalogue of recent Ophiurans: Based on the collection of

the Museum of Comparative Zoology. Memoirs Museum Comparative Zoology

at Harvard College, vol. 25, pp. 165-376, 20 plates.

Harvey, E. Newton. The mechanism of light production in animals. Science, n. s., vol.

XLiv, pp. 208, 209, August 11, 1916.

. The hght-producing substances, photogenin and photophelein, of luminous

animals. Science, n. s., vol. xliv, pp. 652-654, November, 1916.

Mayer, Alfred G., 1916. Nerve-conduction and other reactions in Cassiopea. American
Journal of Physiology, vol. 39, pp. 375-393, Febmary 1916.

, 1916. A theory of nerve-conduction. Proceedings National Academy of Sciences,

vol. 2, pp. 37-42, 2 figs.

, 1916. Submarine solution of Umestone in relation to the Murray-Agassiz theory

of coral atolls. Proceedings National Academy of Sciences, vol. 2, pp. 28-30.

, 1916. Articles upon the history of Pacific islands. Scientific Monthly, vol. 1.

Pratt, Henry S., 1916. The trematode genus Stephanochasrmis Loos in the Gulf of Mexico.

Parasitology, vol. 8, No. 3, pp. 229-238, pi. 13, January 1916.

Vaughan, T. Wayland, 1916. The geologic significance of the growth-rate of the Floridian

and Bahaman shoal-water corals. Journal Washington Academy of Sciences,

vol. 5, No. 17, pp. 591-600, October 1915.

, 1916. The results of investigations of the ecology of the Floridian and Bahaman
shoal-water corals. Proceedings National Academy of Sciences, vol. 2, pp. 95-

100, February 1916.

Volumes 7 and 8 of Researches from the Department of Marine
Biology were published, a quarto volume upon the researches pursued

by our expedition to the Murray Islands in 1913, treating of the ecology

of the coral reefs, the species of corals, and an analysis of rocks, sedi-

ments, bottom deposits, diatoms, and foraminifera, is about to be pub-

lished by the Carnegie Institution of Washington.

Of the 17 colored plates for Dr. Clark's report upon the Murray
Island echinoderms, 8 have been completed, the long delay being

caused by war conditions which have profoundly affected Sydney,
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Australia, where these plates are being lithographed under the direc-

tion of Mr. E. M. Grosse.

Papers are being collected for volumes 9 and 10 of Researches from
the Department of Marine Biology, and it is hoped these may all be
received before January 1917, in order that the work of printing the

volumes may soon commence.
An unfortunate event of the year was the loss of the dory gasoline

launch Henderson, which was a gift to the Laboratory by Hon. John B.

Henderson, jr.. Regent of the Smithsonian Institution. It was one
of our most useful boats, but on the night of July 26 it was tied to the

stern of the Anton Dohrn and within half an hour thereafter its absence
was noted, the forward cleat having pulled out in the heavy sea and
high wind. A search of 7 hours over the dark sea failed to discover the

launch, which probably drifted out into the Gulf of Mexico and was
swamped by the torrential rains and rough water of the following days.

We suffered neither loss nor damage through the storm of July 4 to 6,

although part of the lighthouse dock at Tortugas was torn away.
Our excellent anchors and new hawser held the Anton Dohrn in Fort
Jefferson Harbor without accident, and the launches were similarly

fortunate off Loggerhead Key.
It is a pleasure to record that the kindness and cordiaHty so con-

stantly shown to us by successive commandants of the Key West
Naval Station has been continued by the present commandant,
Captain Warren J. Terhune, U. S. Navy, and his family.

REPORTS OF INVESTIGATORS.

Report on the Bahama Cerions Planted on the Florida Keys, by Paid Bartsch.

We visited the colonies near Miami on May 16, 1916. The old planting
on the second key north of Sands Key is still doing well. Old and young
were up on the bushes and the colony was spread over about the same extent
of territory as it occupied last year.

The new colony (first generation of individuals grown in Florida), planted
about 70 feet south of the original planting, is also surviving well, but no
young individuals were found. It is possible that very small young speci-

mens may be buried in the sand, but we did not deem it wise to disturb them.
On the first key north of Sands Key, where the "White House" type of

cerions were planted, we found conditions similar to those on the second
Ragged Key north of Sands Key, and here, also, we left them undisturbed.
Members of the old colony were everywhere to be seen. The old marked
shells were in good condition, and young in various stages of growth could
be found everywhere.
We next visited Sands Key and examined carefully the ground where we

planted a small colony of cerions grown in Florida two years ago, but our
search failed to reveal a single specimen. I do not know why this colony
should have perished, for some of the young shells planted here should cer-

tainly have matured; the locality seems ideal for cerions. The search we
made was a thorough one, as all the conditions were most favorable for the
work. Mosquitos were practically absent, a condition not observed during
past seasons.
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On May 19 we visited Indian Key, where we found the cerions doing well

at both plantings. We gathered 18 living adult specimens of the first gen-

eration of Florida-grown individuals, and 31 of the originally imported
specimens of the second planting. The Florida-grown individuals we
measured and marked and placed about 5 feet east of the stone wall which
is a remnant of a house on the eastern end of the key, while we replanted the

31 Bahama specimens a little west of the center of the second stone wall.

The original planting, which we found completely swamped by a rank growth
of vegetation two years ago, appears to have survived quite well, and this

year the drought has been so great that the grass has been dried up to a
great extent, even the cacti having a shriveled appearance; and this enabled

us to see that the cerions had survived. We found 29 of the originally

planted material, 49 adult Florida-grown individuals, and 15 young tips.

We planted the Florida-grown individuals in one place at the inner edge of

the grass, about 45 feet east and a little to the left of the stone wall,

looking landward.

We next visited Tea Table Key, where a thorough search revealed not a
single cerion. They have evidently all been destroyed and carried away by
the crabs. The island was completely overrun by crabs two years ago,

though now they seem to be practically absent.

On May 20 we visited Duck Key and found that part of the key where
our cerions are planted so heavily overgrown with Bahama grass that it was
impossible, in walking about, to reach the ground. The grass underfoot

gave one the impression of walking on a thickly felted carpet. It was
exceedingly difficult to detennine whether any cerions remained. A long

search yielded only 4 specimens, of which 3 belonged to the originally planted

material. The single Florida-grown individual has a peculiar aperture and
was reserved for the collection, while the other 3 were left at the planting.

We next visited Bahia Honda and found the old planting doing well.

We gathered 22 full-grown specimens of the first Florida generation. Some
of these shells were found fully 150 feet from the stake where the original

planting was made. Not a single specimen of the originally transplanted

material was found. It is quite possible that most of these perished in the

fire to which we referred last year, which completely swept the region. This

year's findings were largely confined to the inner edge of the ditch. The
colony of the first generation of Florida-grown individuals which we planted

on the seaward side of the ditch seems to be completely hidden in the very

dense growth of Bahama grass and it will be necessary to cut this next year

in order to collect the snails.

On May 22, at Newfound Harbor Key, we found that the colony on the

upper ground, that is, the ridge upon which Ave had transplanted the colony,

had been recently burned over, leaving the place quite bare. Here we
discovered only a single specimen of the originally planted Bahama cerions

and one locally grown individual. In the low fiats, where we made our

first planting, we found 51 individuals, which represent the first generation

of Florida-grown specimens, and 3 of the originally planted colony.

We wore suipriscd to find 4 shells which are undoubtedly hybrids between
the introduced sy)ecies and the native Cerion incanum. These were taken
from l)ushes on whicli both introduced and local forms were present. These
4 specimens were taken to Washington for further observation. The remain-

ing specimen we placed in a cluster of stumps about 30 feet west of the

large trees in the open plain, and marked the place with a stake. In this

connection it might be well to say that Avhen we made the first planting no
specimens of the Florida cerions were observed on the island. If we had
found them I doubt if we would have placed a colony on this little key, as
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the original intention was to avoid making a cross between the local and the
introduced forms.

On Garden Key, Tortugas, we found only a single specimen of the cerions
planted. No trace of the second planting within the fort was found. The
burning to which they were subjected last year seems to have exterminated
them, so that the Garden Key colony, as a whole, is practically a failure.

On the other hand, on Loggerhead Key most of the colonies are doing
very well, but nowhere did we find an adult specimen of the second generation.
Judging from the large number of young individuals, there is no doubt that
the coming year will yield a great number of this most interesting generation.

Condition of Colonies on Loggerhead Key, Tortugas.

Colony A. Young and adults were everywhere in evidence at this colony,
which seems to be in an extremely flourishing condition. We left the snails

undisturbed.

Colony B. This consisted of a planting of 500 tips of first-generation
Florida-grown "White House" type cerions. We gathered 73 adults and 4
half-grown individuals. Last year we took from this same colony 139
specimens which, after measuring, we replanted as Colony J. This shows
that at least 202 of the 500 tips reached or almost reached maturity. Measure-
ments and photographs were taken of this year's specimens. They were
placed with the remnant of Colony C.

Colony C. Very few shells were apparent in this colony, and since there is

a possibility that there might be young individuals buried in the sand, we
did not deem it wise to disturb the ground by walking over it and making
a careful search for shells, since under no circumstances could adults of the
second generation have appeared. In addition to the snails added from
Colony B, we also placed here the 7 living specimens remaining of Colony J.

Colony D. Two dead shells only were observed. The painted cerions
appear not to be well suited to this condition.

Colony E. This colony resembles Colony A hi spreading over a Avide area,
and many young, and also adult shells, could be seen everywhere.
Colony F. This colony, which was planted in 1914, is doing remarkably

well. We gathered 300 tips of the first generation, which I have replanted
as Colony M. Of the originally planted shells, 178 were easily found, and
these we placed again near the stake.

Colony G. We gathered 78 adults of the first generation of Florida-grown
specimens of this colony, which were photographed and measured and
returned to the stake marking this colony.

Colony H. This colony has again been subjected to a burning and I doubt
if any cerions have escaped.

Colony L This mixed colony, which is a replanting of the original material
planted at Colony H, seems to be doing fairly well at its new location. We
easily recovered 83 specimens of the originally planted "Kings Road" type,
of which 28 were dead, and 115 specimens of the originally planted "White
House" type, of which 27 were dead. We also found 18 young, probably
belonging to the "White House" type. All of these we placed near the stake.
Colony J. Here we placed 139 specimens of the first generation of Florida-

grown "White House" type cerions taken from Colony B last year. Of
these we recovered 121 this year, all but 7 of which were dead. The 7 living
specimens we have combined with Colony C.
Colony K. This colony appears to be in thriving condition.

Colony L. This colony, consisting of the 800 Porto Rico cerions planted
last year, is doing well. We made no attempt to gather the snails.
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New Colonies.

The two new colonies planted this year are

:

Colony M 300 tips from Colony F, of the first generation of " Kings Road "

type cerions of the 1914 planting. This new colony is placed a little south

of the entrance stake to the original "Kings Road" type colony. It is on
the inner edge of the outer sand-dune.

Colony N. 8317 specimens of a species of cerion gathered by Dr. Ralph
Arnold on Curasao, Netherlands West Indies. This is placed at the south-

eastern end of the large central meadow at the southern end of the island.

We cleared this field of cactus to render observations less arduous next year.

Boca Grande Key.

The second colony on Boca Grande Key, consisting of first generation of

Florida-grown individuals, was, I believe, completely destroyed by fire this

year; but at the original planting many shells were seen upon the grass and
bushes in the little meadow which is separated from the outer by a fringe

of low bushes. It will be remembered that the original planting was visited

by fire last year; the remnant in the location above referred to escaped burn-

ing and may continue the race.

A detailed report of the first generation of Florida-grown cerions, of which
there is a large series on hand from most of the colonies, will appear soon,

giving measurements, illustrations, and a general discussion of the data.

Report on the Colony of the Florida Tree Snails transplanted from Miami to

the Tortugas and Key West, by Paul Bartsch.

In Year Book No. 14 of the Carnegie Institution (pp. 196-197, 1915)

attention was called to the attempted colonization of this magnificent mol-

lusk, which is threatened with extermination in the region of Miami, upon some
of the southern keys. 318 specimens were transplanted, of which 113 were

placed in the trees situated in the angle between the main road and first

path to the left within the fort on Garden Key, 92 were placed in various

kinds of shrubs and trees around the Laboratory on Loggerhead Key, and 101

were planted in the small groves of cordia trees on the east side and a little

north of the light-house on Loggerhead Key. The remaining 12 were placed

in trees near the commandant's residence at the naval station at Key
West. A careful search in all these places failed to reveal a single shell

and, unless these mollusks have burrowed in the ground or hidden away in

knotholes or crevices which I was unable to discover, this experiment will

have to be considered closed and a failure.

Birds Observed in 1916, in the region ofMiami and the Florida KeysfromMay 15

to June 4, CLud along the Railroad from Key West to Miami on June 24, by

Paul Bartsch.

During the past three years a hst of the birds observed in southern Florida

and on the ofT-lying keys has been published in each Year Book of the Carnegie

Institution of Washington. Similar observations were continued this year,

resulting in a total list of 54 species, of which 8 are additions to the lists

which I have previously published. These represent the following species:

Little blue heron, Florida clapper-rail, turnstone. Everglade kite, short-

eared owl, chuck-will's-widow, wood pewee, and purple martin. This addi-

tion brings the total number of species observed during the past four seasons

to 97. The season at which the observations were made would lead one to

beUeve that almost all of the species listed are breeding birds.
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The following table gives a summary of the previously published notes:

Table 1.

Year.
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Tea Table Key: We found the red-bellied woodpecker, the ground dove,

and the Florida cardinal.

May 20: A male parula warbler paid us a visit at our anchorage off Indian

Key, and after fluttering about on deck for a few moments set out for shore.

He seemed so exhausted that I doul)t if he reached it.

Revisited Indian Key: Examined some of the boat-tailed grackles' nests,

which are l)ulky structures placed in the low, thorny acacia trees, and found

that they contained eggs. We also observed ground doves and an osprey, two
birds we had seen yesterday.

We next visited Duck Key and found a rather remarkable assemblage of

birds for so small an island, scarcely 60 yards in diameter: osprey, least

tern, boat-tailed grackle, gray kingbird, Florida yellowthroat, king-fisher,

Florida clapper-rail, man-of-war bird, and 4 great white herons. There
was a large wooden box on the island, lying on its side, the inside of which,

judging from the chalking and feathers it contained, seemed to be used

as a shelter by these herons. The same signs would indicate that they

also use the small mangrove clump as a roosting-place. Our visit forced the

birds from the island, and we noticed, on coming through an arch of the

viaduct, that they had settled upon the four adjacent telegraph poles, which
project about 20 feet from the water along the track. The effect of these

huge white birds capping these poles was rather striking.

Bahia Honda Key: On this key we saw 2 turkey buzzards, 2 laughing

gulls, 2 Bahama red-winged blackbirds, 6 boat-tailed grackles, a man-of-war

bird, and a flock of 12 brown pelicans.

May 21: We visited the sponge plantation on Chase's Key. In order to

reach Mr. Chase's residence, we passed along the railroad tracks for about

3 miles, crossing Sugarloaf Key proper. Hart's Key, and Chase's Key.

On Sugarloaf Key we saw great white herons, Bahama red-winged

blackbirds, boat-tailed grackles, an osprey, turkey buzzards, gray king-

birds, mocking-birds, white-crowned pigeons, ground doves, Florida cardinals,

Florida crow, Wilson's plover, American egret, Louisiana heron, Ward's

heron, yellow-crowned night heron, and the Key West vireo.

While on Hart's Key we found the W^ard's heron, Louisiana heron, Wilson's

plover, and the yellow-crowned night heron.

On Chase's Key the following birds were seen: Louisiana heron, boat-

tailed grackle, Bahama red-winged blackbird, ground dove, many turkey

buzzards, red-bellied woodpecker, black-crowned night heron, osprey, a

pair of broad-winged hawks, and the little blue heron.

May 22: Passing the small key north of Newfound Harbor Key, we saw
3 brown pelicans, 2 laughing gulls, and a least tern.

While on Torch Key we found man-of-war birds, laughing gulls, least

tern, and royal tern.

We next visited Big Pine Key and explored about half a mile of the southern

end of it. During our stay here we saw the following birds: Key West
vireo, mocking-bird, Bahama red-winged blackbird, boat-tailed grackle,

Florida cardinal, red-bellied Avoodpecker, gray kingbird, a Florida red-

shouldered hawk, and a summer tanager.

In the afternoon we visited Newfound Harbor Key, where my cerions

are planted, and here saw boat-tailed grackle, a Louisiana heron, red-beUied

woodpecker, and a gray kingbird.

We next called at the Great New Harbor Key and saw the boat-tailed

grackle, Louisiana heron, red-bellied woodpecker, and a gray kingbird.

The two little keys seaward from the main harbor were next visited. In

the southern one of these about 250 man-of-war birds were roosting in the
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mangrove trees. There were also about 40 brown pelicans similarly dis-

posed. Here, too, we found a small rookery of the Louisiana heron and 4
white-crowned pigeons, a bird not noted on previous trips. There were
also gray kingbirds and quite a lot of breeding boat-tailed grackles, a few
laughing gulls, and two royal terns.

On the little key to the north of this we saw brown pelicans, least

tern boat-tailed grackles, gray kingbirds, laughing gulls, and red-winged
blackbirds.

May 23 : This morning we paid another visit to the little key in which the
Louisiana herons have a small rookery. We found that some of the nests
of this little heron contained eggs, while in other instances quite large young
birds were present. We also noted man-of-war birds, brown pelicans, some
laughing gulls, white-crowned pigeons, boat-tailed grackle, gray kingbird,
least tern, and a couple of royal terns.

Arrived at Key West shortly after 1 p. m. About the harbor we noticed
laughing gulls and a few man-of-war birds.

May 24: Made a visit to the Sambo Key, where the following birds were
seen: laughing gull, royal tern, brown pelican, man-of-war ])ird, least tern,

and a few noddy and sooty terns.

May 25 : Saw a few small flocks of sooty and noddy terns over Key West
Harbor this morning; also some man-of-war birds and a few laughing gulls.

On our way between Key West and the Tortugas we saw a few laughing
gulls, a number of man-of-war birds, and a few royal terns only.

In the afternoon I made a trip through Loggerhead Key and noted 4 barn
swallows, a yellow-billed cuckoo, a wood pewee, and a warbler, which prob-
ably was a yellow palm warbler.

May 26 : On an early morning walk from the Laboratory to the light-

house and up along the western shore, I noticed a gray kingbird, 2 barn
swallows, a yellow palm warbler, and 2 Wilson's plovers. In the afternoon
we made a visit to Fort Jefferson, where I saw the following birds: least

tern, sooty tern, noddy tern, royal tern, a few boobies on the stakes outside
of the fort, some man-of-war birds, and laughing gulls.

May 27: In an early morning walk around the island I saw a gray king-
bird, a barn swallow, and 1 male and 3 female bobolinks. In the afternoon
we again visited Fort Jefferson, where the following birds were noted : boobies
on the stakes marking the channel, least tern, royal tern, sooty tern, noddy
tern, laughing gulls, and man-of-war birds.

May 28: On an early morning trip through the island, a yellow-billed

cuckoo, least tern, a night hawk, and a man-of-war bird were seen; also 2
owl pellets at the farther end of the island. These, when submitted to the
experts of the Biological Survey at Washington, were believed to be products
of the short-eared owl. One of these was said to consist of feathers and
the other of hair and a few small bones of a Paromyscus. In the afternoon
I observed 5 females and 1 male bobolink, a least tern, a couple of barn
swallows, and a Ward's heron.

In order to determine the species of the night hawk on the key, I shot a
specimen (several more were seen on the following day). The specimen
shot proved to be a female and on comparison at Washington I am in doubt
as to what it really is. Of course it is a subspecies of C. virginianus, but it

will be necessary to secure a male to make certain the particular race to
which it belongs. The character presented by the female suggests that it

will probably prove to be a new race.
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May 29: In walking through the island this morning I noticed: barn

swallow, sooty tern, least tern, a single pair of the latter nesting at the south

end of the island, wood pewee, boboUnk, and a night hawk.

May 30 : In a walk through the island this morning I noticed a gray kingbird,

sooty tern, a few barn swallows, man-of-war bird, least tern, and a wood pewee.

In the afternoon we i)aid a visit to Bush Key. Here we found about 500

least terns, many of them nesting. There are really two colonies on this key-
one is on what used to be called Long Key, which is the old nesting site, and is

now united with Bush Key at low tide; the smaller colony is at the farther end

of Bush Key. On these keys we also saw the following birds: sooty tern,

noddy tern, royal tern, brown pelican, man-of-war bird, Ward's heron, laughing

gull, and several turnstones. The laughing gull was heckling the Ward's heron

away from the shore. I strongly suspect that the laughing gulls hover around

the rookery and plunder the least-tern nests, for they followed us closely in our

wanderings. Most of the least tern nests contained only a single egg.

We next visited East Key, but found only a few least terns present.

On our way back we saw a barn-swallow, about half a mile off Middle Key.

On the buoys about Bird Key three boobies and a couple of royal terns

were present, while the key itself contained the usual flock of noddy and

sooty terns and quite a number of man-of-war birds.

In the evening I paid a visit to the tall dead sisal stalk in the center of

the island with a hope of seeing the owl which produced the pellet I found

the other day, and although I had been told by the light-house keeper that

he had seen a hawk on the sisal stalk early in the evening, I was unable to find

either bird. Subsequent efforts were also unsuccessful.

May 31 : Visited Bird Key after breakfast. The noddy and sooty terns

seemed to be just about as abundant as they were a year ago, but the man-

of-war birds have increased greatly in number. There must be at least 300

present. Mr. Betel, the present warden, is doing excellent work in caring

for this colony. He has been planting some bay cedars to restore those

which were killed by the hurricane. A trip to the south end of Loggerhead

Key disclosed the remains of a female bobolink, probably eaten by the owl.

June 1: Revisited Bird Key, but nothing new was added. The feathers

of a yellow-billed cuckoo were found near the place where the bobolink was

killed night before last; probably also killed by the owl.

June 2: The barn swallow and the wood pewee have disappeared.

June 3: In a walk through Loggerhead Key I noticed the least tern, a

few sooties and noddies, and man-of-war birds, but no smaller birds.

June 4: We left Tortugas for Key West early this morning and in passing

we noticed the usual group of noddies and sooties and man-of-war birds, some

boobies and royal terns on the stakes, and a colony of least terns flying

over Bush Key. We arrived at Boca Grande Key early in the afternoon,

and during a hasty visit saw only a few brown pehcans and a couple of

royal terns.
•

i t oo
The following morning I sailed for Cuba, returning to Florida on June 23.

The accommodation train from Key West for Miami is very slow and gives

good opportunity to take detailed observations in passing over the elevated

fills and viaducts intervening between Key V/est and the mainland. The

train leaves Key West about 6*^ 30™ in the morning and arrives at Miami

about 2'' 30"' in the afternoon. I shall simply mention the name of the key and

cite the birds seen on each one.
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Birds seen between Key West and Miami.

Key West: Man-of-war bird, boat-tailed grackle.

Stock Island: Boat-tailed grackle.

Boca Chica Key: Boat-tailed grackle, one American egret, and a Ward's heron.

Big Coppit Key: A small flock of least terns, a Ward's heron, 5 great white herons, 3

osprey, boat-tailed gi-ackle, and Bahama red-winged blackbird.

Chase Key: Gray kingbird, red-winged blackbird, 3 white-crowned pigeons, osprey,

2 turkey buzzards, 2 American egrets, and a great white heron.

Sugar Loaf Key: Boat-tailed gi-ackle.

Cudjoe Key: Two white-crowned pigeons, Key West vireo.

Ramrod Key: Ward's heron.

Big Pine Key: Wilson's plover, 6 black-crowned night herons, boat-tailed grackle.

Spanish Harbor: Osprey, boat-tailed grackle, gray kingbird, least tern.

Bahia Honda: Gray kingbird, Ward's heron, Bahama red-winged blackbird.

Pigeon Key: A small flock of least terns, royal tern, laughing gull, and a brown pelican.

Marathon: A small flock of brown pehcans, 5 white-crowned pigeons, and boat-tailed

gi-ackles.

Long Key: American egret, osprey, green heron, brown pelican, and 5 Ward's herons.

Off Indian Key: Ward's heron, great white heron, brown pelican, least tern, laughing

gull.

Isla Morada: Turkey buzzard, Florida cardinal, boat-tailed grackle, Bahama red-winged

blackbird.

Plantation: Turkey buzzard.

Tavemier: Bahama red-winged blackbird, turkey buzzard, osprey, red-belUed wood-
pecker, boat-tailed grackle.

Roimd Harbor: Turkey buzzard, boat-tailed grackle, Bahama red-winged blackbird.

Everglade: Black-crowned night heron, 5 turkey buzzards, osprey. Ward's heron,

crow, Bahama red-winged blackbird.

Florida City: Gray kingbird, tm-key buzzard, boat-tailed grackle.

Homestead: Mockingbird, groimd dove.

Rockdale: Night hawk, mockingbird, gray kingbird, Florida jay, bobwhite, Bahama
red-winged blackbird, turkey buzzard.

Kendall: Mourning dove, Bahama red-winged blackbird, loggerhead shrike, mocking-

bird.

Larkin: Little sparrow hawk.
Miami: Ground dove, Florida blue jay, little sparrow hawk, mocking-bird, loggerhead

shrike, red-belUed woodpecker, Florida cardinal, and night hawk.

Scientific Equivalents for Common Names of Birds Used in Preceding List.

Laughing gull = Larus atricilla. Florida clapper rail = Rallus crepitans scotti.

Royal tern = Sterna maxima. Wilson's plover = Ochthodromus wilsonius.

Least tern = Sterna antillarima. Ruddy tumstone = Arenaria interpres mori-

Sooty tern = Sterna fuscata. nella.

Noddy tern = Anoiis stolidus. Florida bobwhite = Colinus virginianus flori-

Red-footed booby = Sula piscator. danus.

Florida cormorant = Phalacrocorax aiu-itus White-crowned pigeon = Columba leuco-

floridanus. cephala.

Brown pelican = Pelecanus occidentalis. Mourning dove = Zenaidura macroura caro-

Man-of-war bird = Fregata aquila. linensis.

Great white heron = Ardea occidentalis. Ground dove = Chsemepelia passerina ter-

Ward's heron = Ardea herodias wardi. restris.

American egret = Herodias egi-etta. Tm-key vulture = Cathartes aura septen-

Louisiana heron = Hydranassa tricolor rufi- trionalis.

coUis. Everglade kite = Rostrhamus sociabiUs.

Little blue heron = Florida caBrulea. Florida red-shouldered hawk = Buteo linea-

Green heron = Butoridesvirescensvirescens. tus alleni.

Black-crowned night heron = Nycticorax Broad-winged hawk = Buteo platypterus.

nsevius. Little sparrow hawk = Falco sparverius

Yellow-crowned night heron = Nyctanassa paulus.

violacea. Osprey = Pandion haliaetus carolinensis.
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Short-cared owl = Asio flammcus. Boat-tailed grackle = Megaquiscalus major

Yellow-billed cuckoo = Coccyzus americanus major.

ainerieanas. Florida cardinal = Cardinalis cardmalis

Belted kingfisher = Ceryle alcyon. floridanus.

Red-bellied woodpecker = Centurus euro- Summer tanager = Piranga rubra rubra.

linus. Purple martin = Progne subis subis.

Chuck-will's widow = Antrostomua caro- Bam swallow = Hirundo erythrogastra.

linensis. Loggerhead shrike = Lanius ludovicianus

Night hawk = Chordeiles virginianus vir- ludovicianu.s.

ginianus. Key West vireo = Vireo griseus maynardi.

Night hawk (subspecies?) = Chordeiles vir- Parula warbler = Compsothlypia americana

ginianus ? americana.

Ciray kingbird = Tyrannus dominicensis. Yellow palm warbler = Dendroica palma-

Wood pewee = Myiochanes viren.s. rum hypochrysea.

Florida blue jay = Cyanocitta cristata flor- Florida yellow-throat = Geothlypis trichas

incola. ignota.

Florida crow = Coi-vus brachyrhynchos pas- Redstart = Setophaga ruticilla.

cuus. Mocking-bird = Mimus polyglottos poly-

Bobolink = Dolichonyx oryzivorus. glottos.

Bahama red-winged blackbird = Agelaius

phocniceus bryanti.

Report on Botanical Investigation at Tortugas Laboratory, Season 1916,

by H. H. M. Bowman.

In this second season of the author's investigation at the Tortugas Labora-

tory some of the same series of experiments on the physiology of mangroves

has been carried on as in the season of 1915, but in a more extended manner.

Part of the season was also utihzed in making experiments on the mangroves

of a chemico-physiologic nature.

The first half of this season was consumed in making a large number of

tests of Rhizophora seedlings to learn if possible the relation between the

tannic-acid content of the hypocotyl and the dextrose content of this organ

in the plant's economy. With this end in view, seedlings were carefully

selected from material growing on the beaches at Bush Key and Loggerhead

Key, and graded according to length of hypocotyl, length of leaves, etc.

Equal weights of these hypocotyls constituted the material tested, the

differences in size in the plants being generally interpreted as differences in

age, but all the seedlings were apparently dropped from the parent trees in

February or March of the same year. This uncertainty of age was rather

disturbing to the investigator, since it can not be known through what
vicissitudes the seedlings may have gone during the intei-val in which they

were floating in the sea—that is, from the time the hypocotyl was dropped

till it became anchored and the roots put out. This point seems to be of

considerable importance, since some hypocotyls are broken and often seri-

ously injured in their journey of perhaps several weeks on the sea, until

they come to an anchorage. Some seedlings with the plumule broken off

\vill later send out several buds from the lenticels farther down on the neck

of the hypocotyl, but this decreases the reserve food in the organ, and in

the tests made this season all such seedhngs were rejected. It is the author's

hope to spend a longer time on this problem and test only seedlings which

have been plucked from the trees just before they would have fallen naturally.

They will then be planted in moist sand, so that the age of all plants will be

definitely known, and the plants kept under controlled conditions; however,

this can only be realized in a pennanent tropical laboratory.
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As intimated above, equal weights of the selected hypocotyls were taken
and ground up in a mortar, extracted with distilled water, and the extract

filtered. These extracts were made both by infusion and decoction, in

different instances, but the resulting differences in strength were negligible.

The filtered extracts were treated with certain reagents and tested for tannic

acid and dextrose by colorimetric methods. Quantitative methods were
not feasible at the laboratory, so after trying many special tests and reagents,

Hager's test for tannic acid and Huizinga's test for glucose were decided
upon as the most practicable under the peculiar conditions obtaining and
with the available supply of material. The details of these tests and the

technique used in handling this mangrove material will be given in a subse-

quent paper. In all, over 90 tests were made in the few weeks devoted to

this portion of the season's work, including the preliminary experiments in

working out the best method in dealing with the material. Control solu-

tions of varying strengths were
made up afresh for each series of

tests, both of Merck's standard
tannic acid and Kahlbaum's stan-

dard dextrose. In checking up the

results of the tests, arbitrary stan-

dards of extract were made by com-
parison with the control solutions of

known percentage content. These
standards were of six grades, each
approximating a certain percentage
of tannic acid or dextrose.

I once thought there might be
some definite relation between the

amounts of the substances in the

hypocotyls of different ages and
with different growth conditions

—

for instance, that with increasing

growth the tannic-acid content of

a hypocotyl might decrease, with
perhaps a corresponding increase

in the sugar content. In the light

of these preliminary tests, this

does not seem to be the case, but
with increasing growth and expansion of the protosynthetic tissues in the older

seedlings and the transformation of the starch stored in the hypocotyl, the

sugar increases in a steady upward curve. In the case of the tannic acid,

however, such is not the case; there is a decrease in this substance in the

young seedling just pushing out roots and unfolding the plumule, then with

later growth and greater synthetic activity there is a slight regular increase in

tannic acid. The behavior of this curve can not be explained just yet, although

the author hopes to give the Ijiological interpretation of this fact when the

data have been worked out to a fuller degree and a larger series of experiments

made on this particular phase of the problem with better controlled conditions

for the sprouting hypocotyls. A condensed graph of the tendency of variation

in the amounts of dextrose and tannic acid in Rhizophora hypocotyls is given

herewith. While these experiments were being conducted on the dextrose and
tannin contents, a series of tests were made to determine the presence of the

enzyme, tannase in the hypocotyl of Rhizophora. Definite weights of selected
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hypocotyls were ground up and extracted with distilled water and filtered.

The filtrates were then divided and one-half boiled several minutes. To
both solutions a small quantity of standard tannin was added and both
placed in an incubator at 40° C. for 24 hours. After allowing this time for

the anticipated enzyme to effect changes in the tannin content of the liquids,

both the control flasks and those containing the unboiled extract were treated

with ferric chloride to cause precipitation, with corresponding change in

color. In some of these tests the precipitate was filtered off and after

repeated washings was desiccated and weighed, but in none of the tests was
there any conclusive evidence of the presence of the enzyme tannase in the

hypocotyl of Rhizophom.
The balance of the season, after the conclusion of the above tests, was

devoted largely:

First.—To a continuation of the work on the transpiration-rate measure-
ment of Rhizophora seedlings planted in different conditions of soil, light,

and shade, and varying concentrations of fresh and salt water. These
seedlings were planted in large glass beakers, or jars 8 inches in diameter
and about 10 inches deep, 3 seedlings to a jar. These plants also were
secured at Bush Key of the Tortugas group in quantity sufficient to fill

about 50 jars. The seedlings are not plentiful in the Tortugas, most of them
having probably drifted from the Marquesas Atoll, and on being cast up
on the north and east shores of the Tortugas have taken root on the beaches
in the moist sand and debris of seaweed, etc., where they survive for several

months till the moisture fails or they have exhausted their reserve supply
of food in the hypocotyls. These seedlings were carefully and speedily

transferred in pails of moist sand to the laboratory and selected ones planted

in the jars. All broken and injured plants were rejected and an effort was
made to keep all of as uniform a size as possible. While this supply of the

material was limited, the plants grew much more rapidly than those used
in the previous year's experiments on transpiration-rate measurement.
These plants had been brought on the yacht from Cayo Agua, about 86
miles east of the Tortugas, and did not very well bear the transplanting from
their natural beds under the old trees in the swamp to the laboratory.

These jar cultures were started the second day of the season's work, so

that the plants might make some growth and be free from the shock of

transplantation when time came for the transpiration-rate records to be
taken. The records were made mostly during the middle portion of the

day, so that conditions were as uniform as might be. The Stahl method of

estimating the rate of transpiration was used. Disks of fine filter-paper

were saturated in cobalt-chloride solution and dried. These papers were
put in a Ganong leaf-clasp and the rate at which the paper changed color

was noted for each test. Very striking and clear differences in rate were
observed in the experiments this year, as were those of the previous season.

The solutions and soils, however, of this season's work were different from
those of last year.

The mass of records of these tests has not yet been tabulated for this

season's work, and no idea of the results can be given in this preliminary
report. Some of the plants of this series of experiments were left in

moist soil only, out-of-doors, over the winter period of 1915-1 G, and on
opening the laboratory season this year one flourishing young Rhizophora
plant was found to have grown 8 cm. under very adverse conditions in the
Tortugas climate between August 1915 and June 1916. This is the longest

survival of any of a series of mortality experiments which the author made
in the 1915 season.
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One phase of these mortahty experiments which was not repeated this

year was that of Rhizophora cultures in superconcentrated sea-water;
neither were transpiration-rate records taken for such cultures this season.
Not only were the leaves of Rhizophora tested by the Stahl method, but
the author devised a special instrument for the purpose of getting the rate
of transpiration on the long, pendulous prop-roots of older trees. This
special clasp is made to contain the indicator-paper just as in a Ganong
clasp, but was designed to fit the cylindrical contour of the roots and is

operated by a spring which is, in the author's estimation, an improvement
on the older type of instrument. A more detailed description of this instru-

ment and the results of these tests on old trees, taken in situ, will be given
later and in a fuller manner than can be here presented. As there were no
old trees at Tortugas, these observations were made along the Miami River
and in Biscayne Bay, together with physiologic observations of a different

character. The above region offered an ideal locality for observing the
transpiration-rate through the lenticels of the pneumatophore prop-roots of

the old trees, because the river and bay together afford all the varied con-
ditions from fresh to salt water. These results also will be tabulated and
published in the full paper dealing with this work.

Second.—Besides the work just noted, the latter portion of this past season's

work was the gathering of material to finish the author's paper on the botan-
ical ecology of the Tortugas region, which will appear as a contribution from
the Tortugas Laboratory. This work was begun in the early part of 1915, and
specimens were taken and observations made at intervals since that time.

The peculiar climatic conditions of the group make a study of the flora of

this region most interesting. The vegetal sequence in these islands and the
factors in dissemination are also worthy of even more intensive study than
the investigator has been able to devote to them in the few weeks the Labora-
tory is open during the year. The writer used a portion of the latter half

of the season in making a series of carefully plotted distributional maps,
with the aid of a plane-table and sighting-rule. These will aid in illustrating

the factors concerned with dissemination in these islands.

Among the observations pertaining to this work a considerable number
of potometric records were taken on all the main species of the Tortugas
flora, such as Tournefortia, Suriana, Canavali, etc. The transpiration

records were taken with a graduated Ganong potometer under several con-

ditions, as sun and shade, etc. This data is very striking and illustrates the
extreme adaptation of these plants to conserve moisture.

Supplementing the observations on the spermatophytes of the region, a
full collection of the marine algae of the reefs has been made, both herbarium
specimens and material in liquid preservatives being secured. This collec-

tion was made possible by the use of a diving helmet and also by the utiliza-

tion of the deep-sea dredging apparatus with which the Laboratory's yacht
is equipped. The list and distribution of these algae will probably be used
in connection with the ecologic paper.

While dredging out in the Gulf of Mexico, on the edge of the Gulf Stream,
in 12 to 17 fathoms of water, an effort was made by the writer to again secure

specimens of that curious little submerged spermatophyte, Halophila, which
the author described in a recent publication as occurring at unusual depths.

Hopes were entertained that the staminate form might be collected, but
the expedition was without success in this, though plenty of material was
collected of two species of Halophila to pursue some further research on
this interesting genus.
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While collecting algae, the investigator happened to find another sub-

merged aquatic in its blooming period. This was the dioecious plant

Thalassia testudinum. Both sexes were collected and the manner of pollina-

tion was studied in the Laboratory, as well as the germination of the pollen-

grains. Of this latter subject a number of drawings were made.
The Laboratory closed on July 27, but the author was furnished by the

Director with a launch and a man to continue his research about 200 miles

north of the Tortugas, on the mainland of Florida, in the vicinity of Miami,

as mentioned above. Here, in addition to the taking of transpiration-rate

records on the pneumatophore prop-roots of old trees, the writer made an

extensive series of hydrometric observations on the waters of the Miami
River and Biscayne Bay. These observations were made every half mile,

starting out in the Atlantic, crossing the bay, and up the river as far as any
mangroves extended, the data bearing on the distribution of Rhizophora in

the Florida coast region. The water was taken both at the surface and on

the bottom by the use of the deep-sea water-sampling apparatus designed by
Dr. A. G. Mayer and used by the late Mr. Drew in his work on the bacterial

content of the sea-water of the Florida Key region. The peculiar conditions

of the overlapping strata of water near the mouth of the Miami River made
these results most interesting. The same sort of observations were also made
on Arch Creek, v*^hich hkewise empties into Biscayne Bay.
Herbarium specimens of a number of noteworthy species and also material

of Rhizophora for histologic study on the structure of leaves from plants

growing in fresh water and those in salt water were collected in the vicinity

of Miami. Live material of the Tillandsias growing on the mangroves as

epiphytes was sent north for future study and cultivation in the green-

houses, as well as some young Rhizophora plants. On the upward trip,

aboard the yacht, notes were taken and maps made of all the keys on which

mangroves were lacking from Key West to Miami. As nearly all the Florida

Keys support a luxuriant flora of mangroves, these maps note only the excep-

tions. The reasons for the lack of Rhizophora at these particular places will

be given in a larger paper dealing with this research.

The author plans to continue the work in a future season, at a tropical

laboratory, on the physiology of special cells in the plant's embryonic struc-

ture. Such work Avould require more abundant material and more rapid

manipulation of the material than the Tortugas station affords. The hope

is here expressed that the Institution will soon be supplied with a permanent
tropical laboratory, so situated that botanical research similar in char-

acter and scope to that done at Buitenzorg, etc., may be pursued in this

hemisphere under the Institution's auspices.

Report on Studies at Tobago, British West Indies, by Hubert Lyman Clark.

The abundance of echinoderms on the reefs near Pigeon Point, Tobago,

made the location of the laboratory there an ideal one for me. My work
developed along three lines, each of which gives promise of valuable results.

The discovery of a crinoid living in shallow water in Buccoo Bay, where

it was common and easily accessible, enabled me to study the habits and
reactions of a group not hitherto available for such study, for this crinoid,

Tropiometra carinata (Lam.), belongs to a family of free-living forms (coma-

tulids), so poorly represented at the Murray Islands, Torres Strait, that it

was not included in the comatulid studies I made there at the Carnegie

laboratory in 1913. I have thus been able to supplement those studies,

and the results are of no little interest, Tropiometra carinata being a much
hardier species tlian any hitherto observed. This hardiness was shown not
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only by the ease with which specimens could be kept over night in small

aquaria, but by their ability to withstand a wide range of temperature and

an equally remarkable range of sahnity. They also showed an indifference

to bright light that was unexpected. The temperature range is well over
12° C; it was not feasible to determine the minimum temperature, but the

lowest observed was approximately 22°. Temperatures as high as 34° were

not fatal unless prolonged; the critical point seems to be between 35° and
36°. It is possible, of course, even if not probable, that temperatures much
below 22° would not be fatal. The sahnity range was determined both by
diluting normal sea-water with rain-water and by evaporation of sea-water at

laboratory temperature to the desired concentration. Individuals survived

12 hours in sea-water so dilute (75 to 80 per cent normal) that their color was
sGmewhat extracted, the water becoming distinctly yellow. On the other

hand, water 10 per cent more saline than normal produced no apparent injur-

ious effects in 12 hours, and 3 hours in water 20 per cent more saline than

normal was not fatal.

A second line of work was connected wdth the accumulation of material to

show growth-changes in young echinoderms. After the completion of the

larval stage, which is usually passed swimming freely in the sea, most echino-

derms assume quickly the adult form, but are of very minute size. The
subsequent growth-changes throw a flood of light on phylogenetic history, but

relatively little has yet been done in working them out. At the Pigeon Point

laboratory I secured material showing more or less fully the growth-changes in

3 species of starfish, 9 species of brittle-stars, 1 sea-urchin, and 4 holothurians.

Of course, in most of these the series of developing individuals is incomplete,

but in at least three of the brittle-stars, one starfish, and one holothurian it is

sufficient to yield results of great importance.

The third line of research was concerned with the composition of the echino-

derm fauna of Tobago. During the 5 weeks we collected 75 species, of which

about one-fifth seem to be new to science. Some of those which are not new
are of even greater interest, either because their habitat has not previously

been known or because their occurrence at Tobago is a notable extension of

their range. It is my purpose to make a critical study of this Tobagoan fauna

in comparison with that of Jamaica and the other West Indian islands, in the

belief that such a study will throw light on the past history of the Caribbean

region. It may be mentioned in passing that more than one-third of the

species of echinoderms found at Tobago are not yet known from Jamaica.

On the Development of Some West Indian Echinoderms, hy Th. Mortensen.

The time spent at the island of Tobago (March 23 to April 23) turned

out to be very profitable for studying the development of echinoderms, a

considerable percentage of the species being ripe at this season. The physical

conditions were also unusually good, the oceanic currents that sweep round

the island and the limestone formation of the south end of the island, where

the laboratory of the expedition was established, both being important fac-

tors for producing the pure water so essential for rearing echinoderm larvae.

This, together with the unusual richness of the littoral echinoderm fauna, again

the result of the physical conditions, accounts for the decided success the

writer's efforts met. Ten different forms were studied, as follows:

Diadema antillarum Tripneustes esculentus Ophiothrix angulata,

Echinometra lucunter Mellita 6-perforata var. nov.

Ophionereis squamulosa Araphiura sp. nov.^ Ophidiaster guildingii

Tropiometra carinata Lytechinus variegatus

*I am indebted to Dr. H. L. Clark for the specific names of these ophiuroids.
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Of Diadema ouly the first larval stage was reached, the culture being

accidently destroyed when a week old. All efforts to get a new culture

started were in vain, the breeding-season of this species being then passed,

although only a week before several specimens were still found containing

ripe sexual products. Tripneustes esculentus and Lytechinus variegatus were

raised until the beginning of metamorphosis, Echinometra lucunter and
Mellita G-perforaki through the complete metamorphosis. The Mellita larva

shows the structure typical of clypeastroid larva ; the other larvse all belong

to the type with a posterior cross-rod in the final larval stage, the body
skeleton in the first larval stage forming a frame. Lytechinus is, however,

})eculiar in that no frame is found in the first larval stage.

No other echinoids were found ripe during the time the expedition stayed

at Tobago. Of asteroids, only one species, Ophidiaster guildingii, was found

ripe, and that not until the very end of our stay, so that the fertilization

could not be undertaken until 3 days before we left. Accordingly, only the

very youngest larval stage was reached, but, nothing being known hitherto

regarding the development of any of the Linckiidse, the fact here discovered

that this species has a typical bipinnaria larva is of interest.

For the ophiuroids, the season was rather too early, most of the species

being unripe. Of 3 genera, however, the development could be studied,

namely, Ophiothrix, Ophionereis, and Aniphiura. The Ophiothrix larva closely

resembles that of Ophiothrix fragilis, the skeleton being of the same type as

in that larva. The Ophionereis larva, although free-swimming, does not

assume the shape of a pluteus. It is worm-shaped, without any trace of a

larval skeleton; the metamorphosis is completed in about 3 days. The
Amphiura was found to be viviparous.

While the holothurians did not yield any results, the single crinoid occur-

ring at Tobago, Tropiometra carinata proved to be a very favorable object

for embryological study and its development is of more than usual interest.

The eggs are not held on the pinnules, but dropped free into the water.

The fertihzation membrane is finely sculptured, closely set with small spines.

The embryo, which has the same shape as the Antedon larva, swims very

actively for a period of about 3 days, when it attaches itself; but if no suit-

able place of attachment is found, it may continue its free-swimming Hfe,

and in some cases it was found not to attach itself until it was 8 days old.

The pentacrinoid and its growth-stages have not been studied in detail;

reference must be made to the final report on the development of this crinoid,

which will appear later. The full report on the other echinoderms studied

during the expedition will be incorporated in the report on the studies on

echinoderm development carried out during the winter's voyage in the

Pacific regions in 1914-15.

Studies on Alcyonaria, by L. R. Cary.

The examination of specimens of several species of Alcyonaria growing on

tiles, all of which were in relatively shallow water, showed that in many
instances the growth had been only about 5 per cent annually for each of

the past three years. The average size of specimens of the same species

occurring on the reefs in depths of from 1 to 18 meters must necessitate

either a very long period of growth, or else the gro^vth must have been much
more rapid than that shown by the specimens on the tiles. These facts

were brought to my attention last season, when the deeper reefs were studied

by the aid of diving apparatus. At that time an equal number of tiles with

specimens of the same species of gorgonians were placed on a reef in water
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1 meter in depth and another lot on a reef in water 6 meters deep. At the
end of a period of one year the measurement of the specimens on these tiles

showed that a considerably more rapid growth had been made by the speci-

mens in the shallow water than by those at the greater depth. Since, from
the nature of their immediate surroundings, it seemed probable that the
food-supply of the specimens in deeper water might be less abundant than
that of those on the shallower reef, the specimens from both locations were
transferred to a reef at a depth of about 4 meters, where the conditions

would be practically identical for each of the specimens. As specimens of

each species of gorgonian as great in size as any of those on the reefs in

deeper water could be found on all the reefs in this last-mentioned depth,
it is apparent that the generally larger-sized deep-water gorgonian fauna
depends on some factor other than depth alone. The fact that the greatest

percentage of large specimens is to be found on the deeper reefs and on the
lagoon side rather than on the Gulf side of most of the reefs points to greater

protection from wave-action in time of storms as being the most important
factor in determining the character of the alcyonarian fauna of any reef.

Studies on the Physiology of the Nervous System of Cassiopea xamachana,
by L. R. Gary.

A. Influence of the Marginal Sense-Organs on Rate of Regeneration.

The results of my earlier studies^ have shown a marked influence of the
sense-organs on the rate of regeneration in Cassiopea xamachana Bigelow,
when halves of the same individual disk were used for comparison. In the
previous experiments the halves of each disk were insulated by removing
two strips of subumbrella ectoderm (which contains the nerves and muscles)
from opposite sides of the disk, while the regeneration was measured inward
from the periphery of a cavity, where a circular piece of tissue had been
removed from the central part of the disk. In all of the experiments carried

out this season each disk was cut into halves and the regeneration was
measured from the periphery of a cavity left by the removal of a circular

piece of tissue 22 mm. in diameter that was cut from a corresponding part
of each disk. By this procedure the difficulties in securing accurate measm'e-
ments of the regenerating tissues, so frequently met with in my earlier experi-

ments, were done away with.

Two series of experiments were carried out primarily to study the regen-

eration. The remaining observations on this question were made upon
material used primarily for another problem (section B, below).

In the first series of experiments 3 sets of 40 disks each were divided into

halves and the same operation performed on the halves of each disk. In
one set all of the sense-organs were removed for both half-disks and a circuit

wave of contraction maintained in a labyrinth of subumbrella tissue of both
half-disks. In another set all sense-organs were removed from both halves
and both of them allowed to remain inactive. In the third set a small piece

of tissue was removed from between the sense-organs of each half-disk which
retained its full quota of sense-organs. This extensive "control" series

was undertaken to ascertain the limits of variation in the rates of regenera-
tion shown by the two halves of the same disk under the conditions existing

during the course of the regular experiments. The results from these experi-

ments showed that, under either of the three operations mentioned, the

^Cary, L. R., Year Book Carnegie Institution of Washington, Nos. 13 and 14; Proc. Nat.
Acad. Sci., vol. 1, No. 12; Jour. Exp. Zool., vol. 21, No. 1.
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variations were in all instances less than the unit of measurement, so that

any irregularities in the operations were not of sufficient magnitude to

appreciably affect the results of any series of experiments.

As the influence of the rhopalia on the rate of generation is most marked
in the earlier stages, a number of experiments were carried out to determine

the effect of the removal of the rhopalia at different intervals of time after

the original operation. The first operation consisted of the separation of

each disk into halves and the removal of a disk of tissue 22 nam. in diameter

from near the cut edge. The halves of each disk were kept in the same
jar of sea-water and the rhopalia removed from one half at intervals after

the operation, as shown in table 2.

Table 2.

Series No.
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In my experiments the two halves of a series of disks were compared
upon which there had been performed one of the three types of operations

regularly used in the previous regeneration experiments. By means of these

operations a comparison was made between the halves of a given disk, one

of which retained its sense-organs, while these were removed from the other

half (active and inactive series). In a second operation the rhopalia were

removed from both half-disks, while one of them was activated by means
of a circuit wave of contraction maintained in an endless labyrinth of sub-

umbrella ectoderm (activated and inactive series). The third set consisted

of disks one half of each with its sense-organs to control contraction, while

the other half was activated by a circuit wave of contractions in its subum-
brella muscles.

In the first type of experiment the loss was always greater for the half

with its sense-organs than for the inactive half, as shown in table 3.

Table 3.

—

Differences in loss of weight in active and inactive half-disks.

Days after

operation.



198 CARNEGIE INSTITUTION OF WASHINGTON.

In order to detcnninc as accurately as possible the relative amounts of

muscular work performed by the two half-disks under the conditions of this

type of experiment, simultaneous kymograph records were made from the

two halves of the same disk which had been operated on in the manner
described. If no cuts were made in the subumbrella tissues of the half-disk

with sense-organs, its pulsations were registered on the kymograph as of

about three times the amplitude of those of the activated half-disk. When,
however, the cuts necessary to form a labyrinth of the subumbrella tissue

similar to that in which the circuit wave of contraction was maintained in

the activated half were made in the disk with sense-organs, the amplitude
of the contractions was no longer greater for the half-disk with sense-organs

attached. The striking visual difference in the extent of contraction is there-

fore due to the ability of the undisturbed sheet of muscle to cause the margin
of the disk to fold inward in contraction in a normal half-disk, giving the

regular SAvimming movement, while the cuts necessary to form the labyrinth

of subumbrella tissue essential for the maintenance of the circuit wave of con-

traction breaks the continuity of this sheet of muscles and makes impossible

the folding over of the margin of the disk, which gives the appearance of greater

vigor to the pulsation of the uncut disk. When the two half-disks have been
subjected to the same type of operation, except that the rhopalia have not

been removed from one half, the amplitudes of contraction are registered as

of equal extent, so that the pulsation-rate is, therefore, a true index of the

amount of muscular work done.

A comparison of the loss of weight between activated and inactive half-

disks, given in table 4, shows that the differences in the rate of loss are

relatively small, although the activated disks were undergoing great muscular

activity.

Table 4.

—

Differences in loss of weight

between active and activated half-disks.

Table 5.

—

Differences in loss of weight betvcen

activated and inactive half-disks.

Days after

operation.
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C. The Influence of the Sense-Organs on the Total Metabolism, as Measured by
CO2 Production in Cassiopea.

Continuing the experiments started last season in collaboration with
Dr. S. Tashiro/ a series of determinations was made of the total amount of

CO2 produced by the separate halves of a medusa disk, one of which was
pulsating under the influence of its sense-organs, while the other was acti-

vated in the manner previously described for regenerations and starvation

experiments. The comparison of the halves of 50 disks was made in this

manner, with results which confirm those previously obtained, namely, that

the half-disk pulsating more slowly under the influence of its sense-organs

produces as much CO2 as the more rapidly pulsating activated half.

As pointed out on pages 195-196, the rate of pulsation is a true measure of

muscular work done when a labyrinth of subumbrella tissue has been formed
on each of the half-disks. The results of this series of experiments, there-

fore, are completely in accord with those obtained from experiments dealing

with the influence of the sense-organs upon the rate of regeneration and the

loss of weight during starvation.

As the greater number of these experiments were allowed to continue

until one of the half-disks of a pair has ceased to pulsate under the narcotiz-

ing effects of the CO2, it was possible to secure a measure of the CO2 concen-

tration necessary to bring about narcosis. In nearly all instances the

activated half-disk was the first to succumb, and once it had stopped it could

not start pulsating again until stimulated by an induction shock. The
half-disks with sense-organs shov/ed more resistance to CO2, and when
removed from the closed jars Avhere they had ceased to pulsate and put into

fresh sea-water, they would start pulsating again within 1 to 2 minutes,

even when they had been inactive for several hours.

Throughout these experiments the records of CO2 production were made
in terms of increased hydrogen-ion concentration of the sea-water in the

closed jars, and up to the time this report was written not all the necessary

data had been secured to complete a curve to show the amount of CO2
necessary to bring about a given change in the hydrogen-ion concentration

of the unit volume (1,250 c.c.) of sea-water used in the experiments. This
phase of the work is being completed at the Biological Laboratory at Prince-

ton University.

D. The Changes in the Rate of Nerve-Conduction in Cassiopea in Response to
Change in Temperature.

The experiments upon this subject were undertaken primarily to determine
the response of the sense-organs to changes in temperature. Mayer^ has
shown that the initiation within the sense-organs of the stimulus for normal
pulsation is a relatively simple chemical reaction. It was therefore thought
possible that if a single sense-organ with only a narrow band of tissue con-

necting it to the remainder of the disk was subjected to changes in tempera-
ture, while the remainder of the disk was kept at a constant temperature,

the change in the rate of pulsation might follow Van't Hoff's law more closely

than other measurable biological processes have been found to do. It was
ascertained, however, that even in water of constant temperature the rate of

pulsation of a disk ennervated by a single sense-organ varied too widely
within the tune covered by one of these experiments to give any conclusive

results.

^Year Book No. 14, Carnegie Institution of Washington.
^Mayer, A. G., on Rhythmical Pulsation in Scyphomedusa, Carnegie Inst. Wash. Pub. No. 102.
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The remaining experiments on the response to changes in temperature

were carried out to obtain a comparison of the response to changes of tem-
perature of the two halves of a disk, one of which retained its sense-organs,

while the other was activated by a circuit wave of contraction. As a general

statement of the results, not all the data of which have as yet been reduced

to graphic form, it may be said that for an increase of 10° C. from 23° to

33° the pulsation-rate of the activated disk was approximately doubled.

Beyond a temperature of 35° there was a rapid decline in the rate, pulsation

ceasing at about 40°. The curve for this increase was up to 35° a right

line, not a logarithmic curve, as would be true for a purely chemical reaction.

The rate for the half-disk with sense-organs reached its maximum from
27° to 29° and then slowly declined until pulsation ceased at about 40°.

These specimens, if cooled slowly, took up pulsation again at about 37°,

and in several instances were kept alive for a number of days after the

experiment. The change in rate was often very erratic in specimens with

sense-organs, and the maxima varied from 1.3 to 6 times the original rate.

E. The Relation Between the Area of Tissue Ennervated by a Single Sense-
Organ and the Rate of Pulsation.

The study of a large series of disks under the control of a single sense-

organ has shown that there is a regular decline in the rate of pulsation as

the tissue area is reduced until when the area is one-sixteenth that of the

original area the rate of pulsation is one-half that of the entire disk.^ This

research was continued during the present season in the hope of securing

some evidence as to the nature of the factors determining this reduction

in the rate of pulsation. It was found that when the area of tissue was
reduced to f I g of the original size the muscles and nerves were still capable

of responding to induction shocks at the rate of 120 per minute. There is,

then, apparently no need for a latent period on the part of the muscle-tissue.

When the area of the muscle-tissue under the control of the single sense-

organ was reduced by putting a part of it into 0.4 m. MgCla the rate of pulsa-

tion was reduced to the same extent as when an equal amount of tissue was
removed by severing the muscles and nerves. This was true when the

anesthetized tissue was in the middle of the strip as well as when it was at

the end opposite to the sense-organ.

This result would indicate that the area of active muscle was the determin-

ing factor since the nerves were still capable of transmitting the stimulus for

contraction as is shown when the narcotized area is in the middle of the strip

of tissue.

Experiment on the Feralization of the Albino Rat, by Henry H. Donaldson.

In relation to the body-weight, the brain of the albino rat is about 12 per

cent lighter than that of the wild Norway rat, from which this albino has

been derived.

There was some reason to think that this character of the albino was due

to the influence of domestication, and I wished therefore to establish a colony

of these animals under conditions which would permit them to live in a wild

state, in order to determine whether the relative weight of the brain would
in successive generations return to that characteristic for the wild Norway.

In June 1914 Dr. Mayer placed on East Key in the Tortugas, Florida,

8 albinos (4 males and 4 females) which were sent from Wistar Institute.

The rats were about 90 days old when released, but unfortunately were not

ear-marked.

'Gary, L. R., Year Book No. 14, Carnegie Institution of Washington.
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Early in the spring of 1915 a passing fisherman reported white rats on
East Key. In the summer of 1915 four were caught with spring traps, just

to make certain that the rats were there. In May 1916 one was taken in

a spring trap. It was preserved in formalin and subsequent examination
showed that it was an animal of good size, but with infected lungs. At the
invitation of Dr. Mayer, Dr. Hatai and myself went to the Tortugas Station
in June of this year (1916) to make a study of the rats on East Key. One
female was caught by us. There were fetuses at the 10-day stage in the
uterus. This indicated the presence of a surviving male, but our efforts to

trap more rats failed. When it became evident that the number of rats on
East Key must be very small, a fresh lot of animals was sent to the Tortugas
Station from the Wistar Institute. From this lot, which came through with
only one death, 30 pairs were placed on East Key and 11 males and 13 females
on Garden Key. Both groups were ear-marked. Ten days after their

release albinos were observed on both of these keys, and no dead were seen.

These two groups will be studied during another season.

East Key is oval in shape and about 300 yards long, and is moderately
covered with brush. There is no fresh water to be obtained, except from
rain and dew. The available food is mainly furnished by the sea oat and
other grasses, the Ocypoda crab, and materials washed ashore. Our results

show that under these conditions the albino rat is able to persist on East
Key for a trifle over 2 years, and that the last one caught was pregnant.
If no new litters had been reared during the two years' interval, then we
have caught in all 6 out of the original 8 rats, and at least 1 male must have
remained uncaught. The eighth animal is not accounted for.

The one female which was caught on East Key after our arrival at the

Tortugas Station showed normal bodily proportions and had a weight of brain

and of spinal cord almost precisely that to be expected in an animal of this

size. However, we can not say whether this rat belonged to the original

lot or whether she was bred on the Key.
The influence of the wild life would be expected to show only in the

descendants, so that several generations will be required to determine
whether a change has been effected. The lot brought to the Tortugas from
Philadelphia this year was decidedly affected by the journey of four days,

the relative weights of several of the important viscera and glands being
much modified. In every animal examined the spleen was from two to

three times its normal size; the percentage of water in the nervous system
was also increased; but within ten days after their arrival at the Tortugas,
rats which had been kept under favorable conditions in the laboratory
showed a return of the modified organs to the normal relations.

It is to be noted that the house rat (Mus alexandrinus) lives under the

Tortugas conditions and is found on Garden Key, Bird Key, and Logger-
head Key, having been brought by ships. In earlier years it was present

in large numbers on Loggerhead Key. As Mus alexandrinus does not cross

with the albino of Mus norvegicus, the presence of the former is not regarded
as a disturbing factor for the present experiment.

Experimental Studies upon the Aging and Death of Germ-Cells,

by A. J. Goldfarh.

Last year's studies with the sea-urchin, Toxopneustes variegatus, showed
that certain profound alterations take place with increasing staleness of eggs
and sperm. These changes may conveniently be grouped under three head-
ings: (1) a lowered percentage of eggs capable of being fertiKzed; (2) a modi-
fied rate and a change in the character of the fertilization membrane; (3) a
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lowered percentage of eggs that cleaved, and a change in then- development.
These results suggested that other factors connected with over-ripening of

germ-cells be studied with a view towards obtaining a more adequate chemico-
physical explanation of the phenomena associated with the aging and death
of germ-cells. As the inquiry extended, it was found increasingly desirable to

concentrate upon the changes in the egg alone, and to postpone for a later

opportunity the more detailed study of the sperm-cell. The sea-urchin Hip-
ponoe was used for this summer's work at Tortugas, Florida.

The investigation extended principally along five lines, namely: (1)

changes in the jelly envelope; (2) changes in volume of the egg; (3) effects

of temperature; (4) changes in the cortical layer; (5) respiration of aging eggs.

Changes i.v the Jelly Envelope.

Eggs freshly shed or removed from the body were nearly always sur-

rounded by a thick hyaline envelope, which was made strikingly clear by
Chinese-ink solution. At successive intervals the eggs kept in bowls of sea-

water just below room temperature lost the jelly envelope more and more
completely, and the extent and rate of disappearance was ascertained. It

was found that in the beginning there was little or no disappearance of the

jelly, followed by a period of rapid dissolution, and finally, all, or very nearly

all, the eggs were without their jelly coating. These three parts of the curve
may serve as convenient though general indices of the condition of the germ-
cells and indicate the period of ripeness, dying, and death of the eggs. This
statement applies only to such eggs whose jelly had not been removed by
mechanical or chemical means.

Changes in Volume.

When the eggs of any female were carefully measured at different intervals

and the results plotted, the curve showed at least three points of special

interest. First, there was an initial period without change in the volume of

the eggs. This was followed by an unmistakable and continued increase in

size, followed by a third period during which, partly by budding off of

particles of the egg-cytoplasm and partly by fragmentation, and in extreme
cases more or less complete disintegration, the egg became decidedly smaller,

even smaller than its original size. These three parts of the curve correspond

with the three parts of the curve representing the disappearance of the egg-

jelly. And these three parts of the curve are associated with periods of

little or no aging, of rapid aging, and of the death of the eggs. This curve
of volumetric changes may be used as a much more accurate measure of the

rate and the extent of the effect of aging upon the egg than can the curve

for the egg-jelly.
Effect of Temperature.

If the processes involved in the aging and dying of eggs are chemico-
physical in their nature, wg should anticipate that Van't Hoff's law of the

proportionate increase in activity with a given change in temperature would
hold for the processes involved in aging eggs, and that the longevity was
proportional to the temperature at which the eggs were kept.

The outline of a typical experiment may serve to make the matter clear.

Eggs of a female were kept in aliquot parts in several dishes of the same
type and size and with the same quantity of sea-water. One half of the

dishes were kept at a temperature, nearly constant, of 10° C, the other half

at a temperature of 27° to 29° C. At intervals the eggs were tested with fresh

sperm and the percentage of eggs that were fertilized in each batch was com-
pared and used as a measure of the differential mortality. The Van't Hoff
expectation was very closely realized.
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Changes in the Cortical Layer.

When eggs became stale a number of changes took place shnultaneously,

namely, loss of egg-jelly, increase in the size of the egg, absence of fertiliza-

tion membrane, gelatinization of the cortical layer of the egg, etc. These
changes are explicable in tenns of a chemical change which causes the outer

layers of the egg to be dissolved and which changes the permeability of the

cortical layer with a consequent intake of sea-water. The aging process

proper corresponds with the period of changed permeability, and it may be
experimentally shortened by hypertonic solutions of sea-water.

An examination of the sea-water at the Tortugas disclosed the fact that

when tested by colorimetric methods as well as by the electric potentiometer,

which determinations were made by Professor McClendon, the hydrogen
concentration of the sea-water was PH 8.1 to 8.2. It is this relatively

large excess of free hydroxyl-ions in the sea-water which is responsible for

(1) the dissolution of the egg-jelly, (2) the changes in the cortical layer with
the consequent intake of water, and (3) the accelerated respiration that

takes place in aging eggs; and, if this assumption be correct, it follows that

with an increase of the free hydrogen-ion concentration to the neutral point

these deleterious changes would be retarded or minimized or possibly pre-

vented and the longevity of the egg correspondingly increased; conversely,

in hyperalkaline solutions of sea-water the mortality would be accelerated.

Many experiments were made along these lines. At different intervals

the eggs in the following solutions were tested, namely: in sea-water, in sea-

water made neutral, sea-water made slightly acid, sea-water made hyper-

alkaline. A number of errors in these experiments were later corrected in

experiments with Arhacia at Woods Hole, but the general results are clear

and in striking accord with expectation. Eggs kept in neutralized sea-water

were longer-lived than control eggs and showed less developmental irregu-

larities than the controls, and longevity was decreased with hyperalkaline

solutions.

Respiration of Aging Eggs.

With the aid of a manometer suggested by Professor McClendon, and
which gave direct readings of the oxygen consumption, it was possible to

obtain continuous readings of the respiration of a sample of eggs from the

time of shedding to the death of the unfertilized eggs. Corresponding records

were obtained for the fertilized eggs. The data were plotted and showed
for the unfertilized eggs a gradual increment in the oxygen consumption for

the first 5 to 6 hours, then a plateau for 2 hours, during which time respi-

ration is maintained at a uniform rate, and then a sharp rise in the rate of

oxidation. The last part of the curve continues till all the eggs are disin-

tegrated. The curve so obtained is parallel with the curves for egg-jelly

dissolution and the curve for increase in volume with age, and it serves as

another and parallel index of the rate and measure of the aging process

in eggs. The sharp rise in oxygen consumption occurs when the jelly is

dissolved completely from all or nearly all the eggs, when the cortical layer

is permeable to sea-water and enlargement has taken place, and when death
of the eggs is rapidly taking place.

These studies have thrown light upon the nature of the changes that take

place when eggs become increasingly stale, and they indicate how aging may
be prevented, either by retarding the respiratory rate, as Loeb has so beauti-

fully demonstrated, or by preventing the dissolution of the cortical layer

of the egg, as I have merely outlmed in this summary.
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Report on the Chemistry and Physiology of some Luminous Animals of Japan,
by E. Newton Harvey.

During a period of three months the author studied in detail four luminous
forms—a squid {Watasenia sdjitillans) , an ostracod crustacean {Cypridina

hilgendorfii), a pennatulid {Cavernularia haheri), and the Japanese fireflies

(Luciola parva and L. vitticolUs). The protozoon Nodiluca miliaris, unusually

abundant about Japan, was studied by Mrs. Harvey, especially as to light-

production and anesthesia. Observations were also made on the luminescence

of a fish (Monocentris japonica), the lantern squid {Inioteuthis inioteuthis)

,

two hydroids {Sertularia sp. and Campanularia sp.), and Pennatula sp. Mono-
centris japonica is of interest because the light, which comes from two small

organs on the lower jaw, is steady and continuous, and not, as in most fishes,

a series of flashes, the result of stimulation. This fish, Pennatula, and the five

first-mentioned forms all give light if brought from daylight to darkness, a
condition quite different from that observed by Peters in the ctenophores.

Watasenia sdntillans is caught in enormous numbers by the fishermen of

Toyama Bay on the northwest coast of Japan during April, May, and June.

The light from the tentacle organs is a brilliant bluish color, fully as intense

as that of the firefly; hence the Japanese name, "firefly squid" or "hotaru-
ika." The animal is a deep-sea forai which comes to the surface to breed;

it is consequently exceedingly sensitive and has proved to be of little value

for chemical research.

Cavernularia haheri colonies contain a network of nerves connected with

the light-producing cells, and a brilliant wave of light passes over the colony

in every direction from the point stimulated. The light-wave will also pass

a cut completely isolating the surface epithelium and must be conducted by
inner tissues. The light comes from small granules in the fluid expressed by
pressure from the colony. This fluid glows for several hours spontaneously

and upon the addition of water will glow even after two days. The light

substance can not be preserved except by rapid drying, and in every way is

very unstable and quite different from that of Cypridina, described below.

The granules will not pass a Chamberlain porcelain filter.

The light-substance of the firefly approaches Cypridina in properties, but
is more unstable and can be preserved for any length of time only in the dry

state. Space does not permit a discussion of the firefly apart from Cypridina.

Cypridina hilgendorfii offers exceptional opportunities, as it contains a

large amount of luminous material giving a brilliant bluish light—a sub-

stance so powerful that it may be detected in at least a concentration of

one part in 1,600,000,000 parts of water. Could this material be synthe-

tized, there is no doubt of its efficiency for illuminating purposes.

As first shown by Dubois in 1885 for Pyrophorus noctilucans and in 1886

for Pholas dactylus, there occur also in Cypridina two substances, separable

by heat, luciferin and luciferase (Dubois), which must be mixed, together with
water and oxygen, before light will appear. Each alone in solution is non-

luminous. This reaction is also given by the firefly (both Japanese and
American species), but not by Watasenia, Cavernularia, Pennatula, or Noc-
tiluca, despite the most favorable conditions.

The evidence from Cypridina shows, however, that Dubois's theory of the

mechanism of light-production is incorrect. Luciferase, the thermolabile

substance, is the source of the light, and not luciferin, the thermostabile

substance, as Dubois supposed. The new names of photogenin (light pro-

ducer) for luciferase and photophelein (light assister) for luciferin have
therefore been proposed to indicate more truthfully the nature of light pro-
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duction. The preparation of photogenin and photophelein is described in my
paper in Science (n. s., xliv, 652.) Contrary to Dubois's results for Pholas,

I find photogenin (luciferase) only in the light organs of luminous animals
and photophelein (luciferin) widely distributed in the animal kingdom. In
the case of Cypridina, photogenin is a very stable substance and may be
preserved in solution for over 56 days with chloroform. In the case of the
firefly and Pholas photophelein is the more stable substance.

Photophelein and photogenin are both adsorbed by animal charcoal or

Fe(0H)3, but will easily pass a Pasteur-Chamberlain porcelain filter. Photo-
phelein dialyzes easily, photogenin only with extreme difficulty. The
reaction between photophelein and photogenin is not specific, although
photogenin gives a better light with photophelein from the same species than
from other luminous species. Neither photogenin nor photophelein are true

enzymes, although the photogenin from one Cypridina will use up the photo-
phelein from at least 100 others.

The photogenin and photophelein of Cypridina are secreted together into

the sea-water as a perfectly clear granule-free secretion from gland cells on
the upper lip, but as already mentioned, in the body, photophelein is found
throughout the animal, probably in the blood; photogenin only in the lumi-

nous cells. Just as in the presence of photogenin, photophelein is rapidly

used up with light-production, so in the presence of the extract of the non-
luminous cells of Cypridina, photophelein quickly disappears but without
light-production. If we boil the non-luminous cell extract or exclude oxygen,
the photophelein is not so rapidly used up. In the case of the firefly, the

photophelein disappears so rapidly from an extract of non-luminous cells

that it is necessary to extract them with boiling water to prepare a stable

solution giving light with photogenin. Because of failure to boil the extract,

I previously had overlooked the existence of photophelein in the non-luminous
parts of fireflies. The evidence seems to indicate that boiling destroys a
substance existing in the non-luminous parts which oxidizes the photophelein.

Further facts concerning the properties and the effects of temperature,

acids and alkalies, protein coagulants, anesthetics, etc., on photophelein and
photogenin, as well as a discussion of the theory of Dubois and my own, will

be found in my complete papers on Cypridina, Cavernularia, and the firefly,

and Mrs. Harvey's paper on Noctiluca. A fact of considerable interest is

the comparative harmlessness of KCN, which has no effect on light produc-
tion, although this process is an oxidation in all forms.

Regarding the chemical nature of photogenin, nothing definite can as yet

be said, except that it is not a fat or fat-like body, but is probably protein.

Cypridina is an excellent form for such investigation, and I expect to report

more definitely concerning photogenin in the near future. Photohlepharon, a
surface fish of the East Indies, whose large light-organs glow for many hours

even when excised, seems also highly favorable for chemical work.

The present work can be considered only as a beginning, and opens up a

large field for future study. There are many organisms as yet almost wholly

uninvestigated, and those forms which have been investigated, if we may
rely upon the statements recorded, differ in such very essential points that

we may perhaps look to several distinct methods of light production. The
production of colored light and the distribution of photogenin and photo-

phelein among luminous animals offer problems of fascinating interest.

In conclusion, I wish to express my sincerest thanks to my Japanese

friends, particularly to Professor C. Ishikawa, of the Agricultural College,

Imperial University of Tokyo, for his interest and assistance, and to Profes-

sor Ijima, of the Zoology Department, Imperial University of Tokyo, for the

hospitality of the Marine Biological Station at Misaki. I am also greatly
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indebted to Dean Kozai and Professor Aso, of the agricultural college, for the

use of cliemicals and apparatus, without which many of the experiments

could not have been perfoi-mcd. The amount of work which I was able to

accomplish was largely due to Mrs. Harvey, who made observations of the

results of many of my own experiments during a temporary strain of my eyes.

Changes in the Chemical Composition of Starving Cassiopea xamachana
{Preliminary Report), by S. Hatai.

Mayer (1914) found that in Cassiopea the percentage of nitrogen to its

dried weight is constant during the entire period of starvation. Mayer
infers from this that "no appreciable chemical change occurs in the compo-
sition of its body-substances, and there is no appreciable selective use of

different substances at different times during the progress of starvation."

This is remarkable, since the starving mammalian body reveals a totally

different relation, owing to the rapid disappearance of reserve substances,

such as carbohydrates and fats, at an earlier period of starvation, followed by
a consumption of protein substances at a somewhat slower rate. In other

words, the starving mammahan body gives different percentage values of total

nitrogen at different periods of starvation, especially in its earlier stages.

The anatomy of the medusa in general suggests that since a greater frac-

tion of the body is represented by the reserve jelly-like substance, while the

amount of living cellular elements is negligibly small, a constancy of nitrogen

may mean that practically all the nitrogen is here represented by that of the

jelly-like substance, thus totally masking those chemical changes which
occur within the living cell elements. To test this point, the following

experiments have been undertaken

:

As a first step, I have attempted to clear up the following points

:

(1) The normal decline in weight of different parts of Cassiopea. For
this purpose the Cassiopea was divided into three different parts—mouth-
arms, velar lobes, and umbrella. The object was to detennine whether the

starving Cassiopea loses weight uniformly in all parts of the body or whether
the loss is dissimilar in these three parts.

(2) Percentage of water in these three parts. This was carefully studied,

using the normal Cassiopea as a check. In addition, the water-content of

the entire bod}^ of the normal Cassiopea of various sizes was also determined.

The object of these determinations was to obtain some general information

to be used for interpreting the chemical alterations following starvation.

At the same time, 8 examples of Cassiopea of various sizes (29 to 152

grams) were subjected to a complete starvation. The method of starvation

and that of Aveighing were similar to those first used by Dr. Mayer (1914).

At the end of 21 days of starvation, each Cassiopea was divided into three

parts (mouth-arms, velar lobes, and umbrella), and each part was weighed
carefully and then dried at 98° C. to a constant weight for the determination

of water-content.

Since the work is still in process, I am unable to present definite conclu-

sions, but can make the following verj'^ general statements

:

(1) The water-content of the normal Cassiopea is practically constant in

all sizes of animals examined (0.098 to 250 grams). The average per-

centage of water is 94.27 per cent. The constancy of water-content appears

to indicate that the body of Cassiopea is largely composed of the jelly-like

substance, the composition of which remains nearly identical throughout
the animal's life-cycle. This is a remarkable contrast to the water-content

of mammalian bodies of various ages, in which the younger individual gives

a higher percentage of water, and vice versa.
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(2) The water-content of different parts of the body is practically iden-

tical. This seems to indicate homogeneity of chemical make-up of the body,

which in turn shows a low degree of chemical differentiation, despite the fact

of a high morphological differentiation of the different parts of the body.

(3) The relative weight of the three different parts of the body varies

according to the absolute weight of the Cassiopea. In other words, these

different parts show dissimilar rates of growth, and it is hoped to find some
suitable mathematical formula representing the growth curves of these parts

to assist us not only in studying the phases of growth, but in comparing the

results obtained for the normal with those of the starved Cassiopea.

(4) Cassiopeas starved for 21 days showed a reduction of body-weight
from 62 per cent to 80 per cent, so that the resulting weights were only from

38 per cent to 20 per cent of the original. In general, the smaller Cassiopea

lost relatively a much greater amount of weight than did the larger animal.

In the starved Cassiopea the relative weights of the three parts coincides

with those given by the normal Cassiopea, which has a body-weight similar

to the starved Cassiopea at the end of the test, and not to the relative weights

at the beginning of the experiment. This is highly interesting, since the

starved Cassiopea by some process of readjustment seems thus capable of

maintaining proportional weights which are normal for its absolute weight

at any time. So far as the percentage of water in the different parts is con-

cerned, the starved Cassiopea, like the normal animal, shows a like percent-

age in all three parts.

The dried materials obtained from these normal and starved Cassiopea

are to be further analyzed in the near future.

Experiments with Tortugas Sea-water, by J. F. McClendon.

The true alkalinit}' of sea-water is expressed as PH (—log hydrogen-ion

concentration). The PH of sea-water within 8 miles of Loggerhead Key,
from the surface to a depth of 35 meters, varies from 8.1 to 8.22. The CO2
tension of this sea-water is about 0.04 per cent of an atmosphere. A con-

version table was made, from which the CO2 tension and the total CO2 con-

tent of the sea-water may be read after the PH and temperature are deter-

mined. Tubes colored Avith thymolsulphonephthalein were standardized by
the hydrogen electrode, so that the PH of sea-water may be determined by
the simple addition of this indicator, which can be easily done aboard ship

in any kind of weather. These tubes show the true alkalinity, the CO2
tension, and the total CO2 content of the sea-water simultaneously. Sea-

water was titrated with acid, using the hydrogen electrode as indicator, and
the results agree with those of Dole's titrations "after boiling."

Distilled v/ater requires at least 72 hours' aeration before it can be suc-

cessfully used in making artificial sea-water; hence the substitution of rain-

water is recommended. A close imitation of Tortugas sea-water may be

prepared as follows (Steiger's analysis)

:

From 1 nonnal solutions. From isotonic .solutions.

CaCla
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It is necessary to add the alkali as bicarbonate, in order to avoid precipi-

tation of MgCOs and CaCOg, but after the mixture is made air must be
bubbled through it rapidly for 6 hours, and longer if the rate is slow, in order

to remove part of the CO2 resulting from the dissociation of the bicarbonate,

and thus obtain the correct hydrogen-ion concentration. In table 6 is given

the approximate concentration of some minor constituents of natural sea-

water and their probable concentration in artificial sea-water made from
"analyzed" or "chemically pure" salts in parts per million. This estimate

is confirmed by the fact that further recrystallization of the salts in pyrex
glass did not improve the artificial sea-water. Artificial sea-water made
according to this fomiula was satisfactory for animals. Plants require PO4
and NO3 or NHs, but 1 NH3 or 250 NO3 per million is toxic to some algae

(but not to some diatoms) , whereas animals with symbiotic alga? were affected

by 5 PO4 per million.

Table G.

Substance.
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The Significance of the Colors of Tropical Reef Fishes, by W. H. Longley.

The months of June and July 1916 were spent at Tortugas in continued

investigation of the colors and color-changes of reef fishes.

Three things were attempted: first, to obtain from nature submarine

photographs of some of the fishes whose changes in color and shade depend

upon the character of their environment; second, to ascertain the food and
time of feeding of as many species as it might be convenient to examine;

third, to determine to what extent green color is correlated with the habit

of living upon reef flats covered with turtle grass {Thalassia testudinum).

Incidental observations were also made which supplement those of other

seasons. For example, an additional labrid (Xyricthys sp.) has proven to

have the same interesting habit of burying itself in the sand at night that

has been described for Iridio and Thalassoma; and, besides 8 already reported,

adaptive color-changes have been noted in the following species: Epine-

phelus striatus, Neomcenis griseus, Scorpcena plumieri, Siphostoma mackayi,

and Sparisoma hoplomystax.

As the photography was attempted under novel conditions, and the

possibility of obtaining positive results could be determined only by experi-

ment, much of the effort expended bore no immediate fruit. Some prints

were secured, however, which show that many of the most striking facts

regarding change in the pattern and shade of fishes in their normal habitat

may eventually be presented pictorially.

The camera used was a Folmer and Schwing No. Graphic, which takes a

picture 2f by 1| inches in size. It was inclosed in a water-tight brass box
having plate-glass windows in the front and rear, and above. Necessary

adjustments of film, shutter, etc., were effected by screws guarded by flax

and grease packing. In every essential respect this apparatus was satis-

factory, for objects could be readily located in the finder, and a dozen expo-

sures could be made without sending it to the surface to be opened and
reloaded. It may be added, for the benefit of any who might think of

attempting similar studies, that one should avoid having the photographic

apparatus much heavier than the water it displaces. Additional weight inter-

feres with ease and rapidity of movement and multiplies the labor of hold-

ing the camera in one position until the fish to be photographed appears to

advantage.
No good pictures were taken at depths exceeding 12 feet, but with a wide-

open stop an exposure of one-tenth of a second sufficed at that level between
10 and 2 o'clock on cloudless days. When this was learned from preliminary

experiments, effort was concentrated successfully upon photographing three

species

—

Ahudefduf saxatilis, Epinephelus striatus, and Lachnolaimus maximus.
The first is small, bright in color, and very active, but abundant in certain

places. The others are large, decidedly sluggish, and occur singly, except as

two or three of the last may occasionally be seen together.

By repeated random shots at schools of Ahudefduf pictures have been

obtained, which show that when the fish is viewed from the side and a lower

level, at a distance of 12 to 15 feet its blue-gray markings are completely

resolved into the blue-gray of the water about it. Its contour is effaced, and it

is visible merely as a series of more or less disconnected parallel bars of brown
and yellow. With the others the necessary procedure is different. The
same individual may be found day after day in one place. Hence, by exercis-

ing patience a series of pictures portraying all the phases which either species

displays may be secured by leading a single fish from one characteristic envi-

ronment to another and photographing it in each. Through offering them
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food tliis has been accomplished with Epinephelus and Lachnolaimus, and
permanent records of their striking changes in coloration are available, from
which it appears that, under appropriate circumstances, they may be far

less conspicuous in the open than their own shadows upon the sandy
bottom.

Reverting to the second of the cardinal points of the present report, we
may note that there are many indications that the colors of fishes are corre-

lated with their habits; hence the importance of being able to classify the

animals with reference to their behavior requires no emphasis. As a step

towards the accomplishment of this end it was proposed at first to examine
a few individuals of each of many species in order to separate the diurnal

from the nocturnal feeders. But the stomach contents of the snappers {Neo-
mcenis spp.) threw such light upon the question of the distastefulness or immu-
nity of some of the small bright-colored fishes, that, for a time, this phase
of the investigation was prosecuted at the expense of the original plan.

From an examination of stomach contents alone it is at present possible

to assign only 9 species to the nocturnal group. These are Anisotremus
virginicus and Hcemulon rnacrostomum, parra, plumieri, and sciurus; the three

snappers, Neomcenis analis, apodus, and griseus; and Upeneus martinicus.

The statement above is based upon the following facts: 170 Hsemulidse were
examined, of which 81 were taken with dj^namite at about 5 a. m. and 89
at 5 p. m. Of the whole, only 3 specimens of H. plumieri, out of a total of

52 for that species, failed to conform to the rule that full fishes are taken in the
morning and empty ones in the late afternoon. 208 snappers, of which 160 were
taken about 5 a. m. and the remainder 12 hours later, showed 27 (12.98 per
cent) exceptions to the same rule; but, as the average bulk of food the fishes

contain is greater in the morning than in the afternoon, the figures do not
accurately measure the proportionate amount of feeding done by night and
day. It is also noteworthy that 14.3 per cent of the snappers' stomachs
are empty in the morning, while only 8.7 per cent contain food in the

late afternoon. This means, imless more extended observation should alter

these proportions, that upon the average something less than 8.7 per cent

of the feeding of the three species of Neomceiiis is done by day. The dis-

crepancy between this figure and that first mentioned above may be accounted
for in either or both of two ways: some fishes may feed ravenously in the

forepart of the night, hunt less eagerly for food during the later hours, and
digest their total catch before morning; or a small proportion may make a

complete failure of their night's foraging. There is, indeed, some evidence

that the latter alternative explains the difference in question, but in no
case can there be doubt that the snappers are justly considered nocturnal

feeders.

Only 15 specimens of U. martinicus were examined—4 in the morning and
11 in the afternoon—but as there were no exceptions to the rule among
them, it may be assumed that they also feed by night.

It was interesting and rather unexpected to find that Ocyurus chryswus
and Epinephelus morio feed indifferently at any time throughout the 24 hours.

The food of the snappers, apart from the fishes it includes, calls for little

comment at present. It suffices to say that it consists very largely of

Crustacea, about 20 species of which were identified in it. Approximately
half of these were brachyura. Cephalopods, chiefly octopi, were found in

less than 5 per cent of the fishes examined. Annelids occurred rarely, except
upon special occasions, as at the time of the palolo swarm, and other food

constitutes so small a fraction of the snappers' diet as to be practically

negligible.
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Of fishes, not less than 17 species were taken from the snappers' stomachs.
Three were not identified. The others were as follows:

Abudefduf saxatilis. H. plumieri. Siphostoma sp.

Actajis moorei. Iridio bivittatus. Sparisoma flavescens.

Amia sellicauda. Ocyurus chrysurus. S. hoplomystax.
Atherina sp. Scaiois punctulatus, Stolephorus sp.

Haemulon flavolineatuin.

The above is a thoroughly representative hst of the smaller fishes of the
region. The different ones are encountered in numbers roughly proportionate
to their abundance. Those most commonly found were Atherina, H. plumieri
juv., Iridio bivittatus, Scarus punctulatus, and Stolephorus. It is interesting

to note that the more brightly colored types are duly represented in both
lists. Iridio bivittatus and Ocyurus chrysurus have patterns of strongly con-
trasted colors. Scarus punctulatus is perhaps the brightest of the smaller par-
rot fishes of the region. There are few fishes in the local fauna that are more
gaily colored than Abudefduf with its bands of brown, or black, and yellow
on a blue-gray ground, and the scarlet Amia with its two jet-black spots on
either side has scarce a peer. All in all, the facts neither lend nor leave
much support for the hypothesis that bright-colored fishes are distasteful or
immune.

Seining operations upon the grass-flats yielded 24 species, but these are
not all members of one bionomic association. Some were represented by
scores of specimens and were rarely wanting in the haul, but 4 contributed
only 1 individual each to the grand total. These are Amia sp., Scorpcena sp.,

Teuthis hepatus juv., and Xyricthys sp. With the exception of the last, all

are probably strays, and it seems Avell to omit them from further considera-
tion in the present connection.

The flats upon which the fish were secured are neither completely nor
uniformly covered with the turtle grass. In some places its blades are
short, and the tufts in which they grow are sparsely distributed. In that
case the sand is relatively bare, or may be fully exposed in patches. This
seems to explain the mingling of characteristic sand-dwellers with other
types. Small flounders and lizard fishes (Synodus foetens) were taken upon
several occasions, but both bed themselves in sand habitually when resting,

and may be seined on clear sandy bottom near shore. Both are gray, marked
with flecks or bands of darker gray or brown. This color combination is

shared with other animals living there. Hence their characteristic environ-
ment is clearly not the grass flat as such, and their presence merely marks
its imperfection. Xystcema cinereum juv., Sphyra^na barracuda juv., and
Actceis moorei may be seen or taken as commonly or even more frequently
in other places, and may also be excluded with reason from the grass-flat

association.

There is some question whether all the remaining species should be
retained in the revised list, but that point may be waived for the present;
10 of the 15 are wholly or largely of an unchangeable green color, or have
definite green phases that are assumed in the midst of green surroundings.
It is noteworthy that so large a proportion of them repeat, or are capable
of repeating, the dominant color-note of the objects among which they
live. The significance of the record is scarcely less obvious if it should be
admitted that all revision of the lists is illegitimate. The most mechanical
interpretation shows that 11 of the 24 species (45.8 per cent) whose range
includes the grass flats are strongly marked with their distinctive color.

Green occurs with no such frequency as this among fishes as a whole. Indeed,
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if these species, others that may hereafter be taken with them, and such
surface-swimmers as Tylosurus, Hemiramphus, and Atherina, whose green

is a "water color," be excluded, no significant fraction of such a list may be
compiled from the whole fish fauna of the region. It is, therefore, con-

clusively proven that among these fishes the occurrence of this color is

correlated wiih its presence in their environment.

It has now been determined that countershading is all but universal

among reef fishes. Their color changes are adaptive, and their colors corre-

lated with their habits in such a way that their conspicuousness is thereby
distinctly reduced. There is no correlation of bright colors with special

modes of defense, and no evidence that bright-colored types enjoy immunity
greater than that of their fellows. The hypotheses of warning and immu-
nity coloration, or signal and recognition marks, explain no such facts as

these. But it is to be noted that while this research leads one to reject

those hypotheses, it is consistent with the hypothesis of evolution through
natural selection.

Nerve-Conduction in Cassiopea, hy Alfred Goldshorongh Mayer.

Studies of the past three years have shown the importance of hydrogen-ion

concentration in determining the rate of nerve-conduction in Cassiopea.

Ordinary distilled water often remains acid, even though air freed from CO2
by means of soda-lime has been bubbled through it for 72 hours. Accord-
ingly, Professor George A. Hulett kindly arranged to have 144 liters of

distilled water prepared in accordance wdth his well-known method in his

laboratory at Princeton University. This water was sealed in 144 Pyrex
flasks and thus transported to Tortugas. The hydrogen-ion concentration

of each flask was tested separately, the range being 0.8X10"'^ to 1.0X10"^
and the average being 0.9 XlO"*^, or 6.04 PH. 50 liters of this water were

placed in a green-glass carboy and air freed from CO2 was bubbled through

it at an active rate for 78 hours, after which the water in the carboy had a

hydrogen ion concentration of 10~^ which it maintained for 8 days while experi-

ments were being conducted with it. Its alkalinity was probably due to soda
derived from the glass carboy, the balance being maintained by a tendency of

the water itself to become acid. Professor J. F. McClendon determined the

PH of the Tortugas sea-water to be from 8.1 to 8.22, and dilution with this

PH 8 distilled water maintained a practically normal and constant hydrogen-

ion concentration in the solution, even when the sea-water was diluted with

its own volume of distilled water.

It will be seen that the decline in rate of nerve-conduction with dilution

of the sea-water is apparently the same as that of the conductivity of the

sea-water when similarly diluted, the electrical conductivity of the sea-water

being determined by Kohlrausch's method. It should be said, however,

that the decline in concentration of the cations of sodium, calcium, and
potassium also follow nearly the same law and the rate of nerve-conduction

is proportional to the decline in concentration of these three cations and not

to that of the sea-water cations as a whole.

Professor Pvalph S. Lillie is right in his recent paper in the Amencan Jour-

nal of Physiology (vol. 41, page 133) wherein he states his belief that the

rate of nerve-conduction in Cassiopea in diluted sea-water declines in a

similar ratio as the electrical conductivity of sea-water, and not in accordance

with the law of adsorption, as I had supposed.

The distilled water used in my previous experiments was slightly acid

and therefore stimulating in weak and depressant in stronger concentration,

thus giving the seml)lance of an adsorption curve. The relation between
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electrical conductivity and various physiological reactions has been pointed

out by Pfeffer, Bernstein, Hober, and many others.

Table 7.

—

Rates of nerve-conduction when Tortugas sea-water is diluted with aerated, alkaline,

distilled water having a hydrogen-ion concentration of about 10~^.

Composition of solution.
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The rate of nerve-conduction is probably accelerated by an enzyme (E. N.
Harvey, 1911).

R. S. Lillic, 1910, appeal's to be mistaken in assuming that the rate of

nerve-conduction is necessarily dependent upon the electrical conductivity of

the solution surrounding the nerve, for the decline in rate of nerve-conduction

is practically identical whether we dilute sea-water with 0.415 molecular MgCU
or with distilled water—in other words, whether we maintain a constant

electrical conductivity or reduce it nearly in the same ratio as the dilution.

(Mayer, 1915, Proc. Nat. Acad. Sciences, vol. 1, p. 270.)

Research upon Bermuda Annelids, by A. L. Treadwell.

My work for the summer was a continuation of earlier work on a syste-

matic study of the Leodicidae. Since my earlier collections had covered rather

thoroughly the fauna of the Tortugas, it was decided to extend the observa-

tions this year to the Bermudas. To Professor E. L. Mark, Director of the

Bermuda Biological Station, and to Dr. W. J. Crozier, Resident Naturalist,

I am indebted for permission to work at the station and for many courtesies

shown to me while there. Miss Helen Fernald, of Columbia University,

rendered very efficient service as artist.

So far as can be determined on the basis of one season's collecting, the

Leodicid fauna of Bermuda differs in no considerable degree from that of the

Tortugas. The main differences, as noted below, were in the relative abun-
dance of the species, and this may have been nothing more than a seasonal

variation. VerrilP and Webster^ have described some species of Leodicidae

from Bermuda, and I found only 3 species which have not been already

noted from this locality. One is a possible new species of Marphysa, another

is Leodice filamentosa of Grube, which I have not seen at the Tortugas, and
the third is a new species of Lumhrinereis.

Leodice longisetis Webster, mentioned by Verrill as one of the commonest
species of the large Leodicidse, was found only once—on the lower surface

of a flat rock in Tucker's Bay, Harrington Sound. I have examined Web-
ster's type of this species on the U. S. National Museum, as well as the

specimen which he identified as Leodice (Eunice) violacea. They are certainly

of the same species, the type being a very small and probably immature
specimen. Leodice (Eunice) violacea maculata of Ehlers is also undoubtedly
of this species. Verrill states that this latter is without a white nuchal

band, but one in his collection labeled violacea-maculata has this band and is

certainly L. longisetis. Apparently violacea has not been collected in Ber-

muda, and violacea-maculata is synonymous with longisetis.

The commonest of the large species of the coral reefs was L. mutilata of

Webster, and it occurred also in considerable numbers in porous rocks close

to the margins of the islands. Immature forms (differing from the adults

in much darker coloration, but recognizable from the colorless tips of the

tentacles and cirri and the prominent nuchal band) were also frequent.

Apparently the breeding-season of this species is late in the summer, for a

few sexually mature males were collected in July.

Leodice fucata, the "Atlantic palolo," so common in the Tortugas and in

Porto Rico, has never been recorded from Bermuda, and none appeared in

my collections. For this reason it was not possible to secure additional data

concerning the time of swarming. L. cariboea Grube, a large form fairly

abundant in the Tortugas, occurred only rarel.y.

'Verrill. Turbellaria, Nemertina, and Annelida of the Bermudas. Trans. Conn. Acad. Arts

and Sci., Nov. 1900.

'Webster. Annelid.i frrmi Rcrnnidn. Bull. U. S. National Museum, 18S4.
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Of the smaller Leodicidse, L. stigmatura of Verrill was the most abundant,

occurring practically everywhere in tubes on the undersides of stones. I did

not find L. tenuicirrata of Verrill, and am not clear as to its distinction from
stigmatura. Some specimens of the latter species answered very closely to

Verrill's description of tenuicirrata. L. unifrons was collected, but was not

so abundant as stigmatura.

From under stones in Flatt's Inlet were collected considerable numbers
of L. articulata of Ehlers. Verrill described L. margaritacea from this locality,

but his species is evidently synonymous with Ehler's articulata. It is possible,

also, that his L. elegans should be referred to this same species. L. denticulata

of Webster, which, as Verrill has stated, is synonymous with L. conglomerans

of Ehlers, was abundant on the underside of stones in membranous tubes.

At the Tortugas this occurs only in sponges and grows to a much larger size

than any that were seen in Bermuda. This may be a distinct subspecies

from that found in the Tortugas.

What was probably L. filamentosa of Grube was collected in small numbers
in mud at the southern end of Tuckerstown Bay, and a single specimen of

L. hinominata Verrill was found in Tucker's Bay. A few L. culehra Treadwell

occurred in porous rock in association with Nicidion kinhergii Webster. As
is the case in the Tortugas, this latter species is common in the porous outer

layer of the rocks, a few specimens of Lysidice hilohata Verrill occurring

with it.

Three species of Marphysa were collected. The most abundant species,

occurring everywhere in the loosely compacted limestone rock, was M. regalis

of Verrill. Verrill's description of this species did not include the coloration

of the hving animal, which is most striking, and on finding it in the Tortugas,

I was misled into giving it a new specific name, fragilis. This is clearly

synonymous with regalis, the latter name having priority. Marphysa
acicidorum of Webster was abundant in muddy bays, and occurred also in

porous rocks at the entrance to Flatt's Inlet. Associated with it in Ely's

Harbor and at Fairyland Creek was another form, probably a distinct species.

The two are quite similar, but whereas in M. aciculorum the gills are slender,

arising from a comparatively short stem, the gills of the other species have a

heavy tapering stem with a diminishing series of filaments along the side.

The head has also a greenish tinge not found in aciculorum. Further study
is necessary to establish its identity.

Stauronereis melanops of Verrill and S. vittata of Grube occurred very

rarely. S. rubra of Grube, fairly abundant at the Tortugas, did not appear
in my collections. Aglaurides diphyllidia of Schmarda was fairly common.

Specimens of Lumbrinereis and Arabella were common in all muddy and
sandy places, but as surface markings are of httle importance in distinguish-

ing the species of these genera, further study is necessary before making any
statement concerning them. One Lumbrinereis, which I shall describe as a

new species under the name L. cingidata, was fairly common in Bermuda.
Only three specimens have been found in the Tortugas, and these were dredged

in 15 fathoms south of Loggerhead Key. It is unusually small, the type

measuring 60 mm. in length, with 60 somites. It is nearly colorless, but
has brown transverse bands on the anterior somites and brown patches on
the head. The surface is thickly studded with minute tubercles, visible

under rather high magnification. At Bermuda it was collected in the porous

surface-rock in several localities, while the type, from Fairyland Creek, was
found in a sponge.





DEPARTMENT OF MERIDIAN ASTROMETRY.*
Benjamin Boss, Director.

The general scheme of operations of this Department has been
continued during the year September 1915 to September 1916, the

period covered by this report. In general this scheme consists of the

preparation of material for the detennination of accurate systematic

proper-motions and the discussion of the proper-motions already pre-

INVESTIGATIONS.

PREFERENTIAL MOTION ACCORDING TO TYPE.

Mr. Raymond has nearly completed the investigation of preferential

motion mentioned in the last report (Year Book, 1915, p. 242) ; and the

results, together with a description of the method, will soon be pub-

lished in the Astronomical Journal.

The following tables show the more important of the results. Table
1 gives, following the designations of the various groups of stars and
their numbers, the elements A, D, and M of solar motion, and the

right ascension and declination of the three principal axes of stellar

motion. Table 2 gives the mean-square velocity Xi, X2, X3, parallel to

each of the three principal axes. If the velocity components in each

direction are distributed according to the error-law, the velocity-figure

is a generalized Schwarzschild's ellipsoid; and the mean velocity com-

ponents in the three directions are given hy u = V 2Xi/7r, v = ^2X2/^,

w = \/2X3/7r. The proper-motions, and hence u, v, w, and M, are in

seconds of arc per century, and so are affected by the mean parallaxes

of the various groups. The quantities u/M, v/M, w/M are practically

free from this effect, and are given in the last three columns of table 2.

The stars used include all in the Prehminary General Catalogue

with proper-motions under 20" per century, except some discarded for

cause, such as too small weight or companions of brighter stars.

The distribution of the 493 stars of typeB is so irregular that it can be

handled by this method only after special treatment. This remains

to be done, but the result will probably not be of great value when
found. The material is included in the general group ''AH." '*X"
includes stars too faint to appear in the Draper Catalogue. These
faint stars are generally supposed to belong in large part to "late"

types, and the systematic motions of this group resemble those of

"late" rather than "early" types. Some conclusions to be drawn
from these tables follow:

(1) The motions of every group show unequal preference for three

cardinal directions. The three principal axes of inertia of the velocity-

figure are unequal.

Address: Dudley Observatory, Albany, New York.
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(2) The directions of the axes of least motion for the various groups

cluster widely about the poles of the galaxy, the remoter ones being a

little over 20° distant from it.

(3) The directions of greatest motion (vertices) show the same
systematic arrangement found by Mr. Raymond by Schwarzschild's

method (A. J. 676). The vertices of types A, F, and G lie well to the

south of those of types K, M, and "X." ('*X" did not appear in the

fonner discussion, and G was anomalous. It here falls into line.)

There seems to be no longer reason to doubt the reahty of this phe-

nomenon.
Table 1.

Group.



DEPARTMENT OF MERIDIAN ASTROMETRY. 219

Two supplementary investigations are under way. One is a test of

the larger groups for a possible difference between galactic and extra-

galactic stars. The other is to divide the general group, and possibly

the larger groups A and K, according to amount of proper-motion.
It may be that the range from to 20" per century is too wide to be
properly included in a single group.

Table 2.

Type group.
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observers may be due to personalities in detennining the nadir correc-

tion; or possibly the south-north correction should not be equally

distributed each side of the zenith for all observers.

The differences in the tangent term may be largely due to person-

aUties in bisection. As the stellar images were often very poor at

great zenith distances, this explanation is entirely possible.

Another peculiarity was noted in the large deviation in the corrected

value of the latitude for the extreme southern zone.

Assuming —33° 17' 45T47 for the true latitude of San Luis, table 4

represents the resulting corrections to the Preliminary General

Catalogue.

Table 4.

—

Indicated Corrections to Preliminary General Catalogue.

90
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It is evident from table 5 that there is a distinct diurnal term.

The refraction, which is well represented by the Pulkova tables in the

afternoon, decreases rapidly about sunset, continues to decrease during

the night, and about sunrise it begins to increase again. About an
hour after sunrise the increase becomes rapid. The observations

furnish no data as to the refraction at noon.

ANOMALOUS DISPERSION IN THE SUN.

The investigation described in this abstract constitutes an extension

of a piece of work completed by Dr. Albrecht in the preceding year,

for which the results were published in the Astrophysical Journal (vol.

41, p. 333, 1915). In the first article it was shown that iron lines with
close companions in the solar spectrum (Rowland's Preliminary Table

of Solar Spectrum Wave-Lengths) are displaced relatively to their posi-

tions in the arc spectrum; v/hen the companion is to the violet the

displacement is toward the red, and when the companion is to the red

the displacement is toward the violet; in the former case the displace-

ment is only two-thirds as great as in the latter, and in both cases it

diminishes progressively with increasing separation of the two lines.

These observed facts are strikingly in accord Vv'ith the requirements of

the anomalous-dispersion theory of Julius. Personahty in the measure-

ment of close pairs of lines was also suggested as a possible cause for the

observed facts. However, it would be difficult to explain, on this ground,

the observed inequality of the displacements for the two components.

In the present investigation a marked distinction was found to exist

between pairs of lines in which both components are due to iron and
those in which one of the com.ponents is due to some other element.

For lines with companion to the red the mean deviation is +.01151
(S wt. 27.5) in the cases where the companion is not due to iron, and
only -f .0062 A (S wt. 18) when the companion is due to iron. For

companion to the violet the corresponding quantities are respectively

-.0077 a (S wt. 53) and -.00401 (S wt. 27). That is, for com-
panion to the red, as well as for companion to the violet, the displace-

ment is only one-half as great when both components of a close pair

are due to iron as when one of the components is due to some other

element. As above, so also in each of these subdivisions, the displace-

ment for companion to the violet is only two-thirds as great as for

companion to the red. On the anomalous-dispersion theory the

observed smaller displacement for pairs of lines in which both com-
ponents are due to iron is explained on the basis that the components

of these pairs represent only in part physical connection in the mole-

cule and in part entirely independent vibrations. These observed facts

are also in accord with the anomalous-dispersion theory as modified

by a recent suggestion of Sir Joseph Larmor.

For the fines with iron companions an attempt was made to deter-

mine a relation between displacement and difference in solar level
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between the line and its companion, by utilizing the hypothesis,

elaborated by St. John, "that the lines of any one element originate at

depths increasing with decrease of solar intensity." The moderate
preponderance of evidence in favor of a relation between displacement

and ratio of intensities of the two components is not sufficient to be
regarded as more than possibly a crude indication of such an effect.

The observed facts of these two investigations seem sufficiently

definite to be considered established. In regard to their interpretation

it may be said that the theory of anomalous dispersion in the sun as

developed by Julius and modified by Larmor does account for them.
However, as it is quite clear that this subject is in the early stages of

development, final judgment may well be suspended for the present.

VELOCITY PLANES INDICATED BY APICES OF STELLAR MOTIONS.

The parallax problem in its application to the real motions of the

fixed stars, in the investigations of Dr. von Flotow, is based upon two
fundamental equations which are the keys to all further considerations.

The investigation of the motions of the stars, based on the measured
parallaxes and radial velocities, becomes more important with the

increasing amount of data derivable from photographic methods.
A canvass of 654 large proper-motion stars of the PreHminary

General Catalogue for stars with a positive measured parallax and
with measured radial velocity netted 116. Computing the individual

apices of these stars, and charting them, two planes of preference were
clearly indicated, one along the galaxy, the other at right angles to it.

The second plane very nearly passes through the generally accepted

apices of preferential motion. While the available data are admittedly

meager, it seemed desirable to establish a criterion whereby any par-

ticular apex might be assigned a position in or outside the two planes

of velocity. For this purpose the equatorial coordinates A' and D' of

the star's apex were transfonned to coordinates G and H of the assumed
plane, whose pole has the equatorial coordinates y, k. Then we have
the condition

Sin H= cos K cos D' cos (A ' — 7) + sin /c sin D' =

If this condition is not realized, we may attribute it to three causes:

(1) In consequence of errors in t and p the coordinates A', D' are in

error.

(2) The assumed pole of the velocity plane may be in error.

(3) The star's apex does not belong to the assumed plane.

The first cause, assuming d-w and dp to be observational errors, leads

to the condition

tani/+//d7r+Pc?p =

where the coefficients II and P are known functions of the star's

motion and of the position of the assumed plane. Through this
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equation we are able to obtain an idea of the upper limit of dw through
the equation

, tsinH P ,

The second cause, designating by dy and dK the corrections to the

assumed pole Go, ^o leads to the condition

E= sinH -\-cos H cos G cos Ho dy-\-cos H sin H d/c =

from which dy and dx are derived by the method of least squares.

Again we form an upper limit for dw from the equations

E+irdT+P'dp =

E P'

where II' and P' are known functions of the star's motion and of the

corrections dy and dK. The weight of each equation £" = is taken as

. . . . P'm mverse proportion to the mfluence of dp, i. e., to the coefficient —^.

Utihzing the 116 stars already mentioned, the following results were
derived.

62 apices belong to the first plane (galaxy).

57 apices belong to the second plane.

The remaining 27 apices belong to neither group.

30 apices are common to both groups.

Neglecting them, the solution for the poles of the planes gives

1 plane (32 apices) T = 192?2=t3?3 k=+36?2±2?6.
2 plane (27 apices) 7 = 151.3±4 .6 /c= -48.0±4.5.

The measure of precision for dir, assuming that all the stars belong

to one of the two planes, is dir^ ±0''055±0T008 dp.

Assuming a maximum error of dp = 5 km., the condition for assigning

the apices to the two planes allowed a maximum c?7r = 0''l.

The detection of an apparent secondary plane of velocity distribu-

tion among the large proper-motion stars is interesting, and becomes
more significant in view of the Director's detection of an apparently

similar secondary plane of stellar distribution. The indication of such

a plane was pointed out by him at the meeting of the American
Astronomical Society in 1912. The pole of the plane is located at

right ascension 161°, declination — 35°. The plane passes within 15°

of the vertex of preferential motion, and is only slightly inclined from
perpendicularity to Gould's bright belt.
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OBSERVATIONS.

During the year 17,422 observations were taken on 131 nights.

The observations were distributed among the observers as follows:

S. Albrecht, 7,333; .\rthur J. Roy, 6,224; W. B. Varnum, 3,865. The
circle-readings for zenith distance showed the followmg distribution;

S. B. Grant, 4,137; H. Jenkins, 7,111; H. Raymond, 6,017. In

respect to the four positions of the instrument these observations were

distributed—.\E 6,176, AW 6,856, BE 2,409, BW 1,981. In spite of

some very bad periods in the weather, notably three consecutive weeks
in June, considerable progress has been made with the fundamental

program. The near completion of parts of the miscellaneous list has

facilitated varying the hours of observing to cover other portions

needing double transit of polar stars and 12-hour groups of clock

stars. Open places have been utilized to obtain more material for

detennination of personal equation of the observers, particularly

feet-N minus feet-S. Mr. Roy has begun accumulating material to

show the effect of brightness upon the zenith distances, but the result

is still inconclusive.

REDUCTIONS.

With the decrease in the number of observations, the preluninaiy

steps m the reductions have been brought more nearly up to date.

These include reduction of transits to mean whe, computation of

means of microscope readings, application of corrections for division

error and runs, transcription to computation sheets and there entering

corrections for inclination of zenith distance wire, curvature of path,

and combined telescope and circle flexure. Computation of apparent

place reductions and of refractions, and the critical examination of

Albany microscope readings are well advanced.

Duplicate copies of reduced transits have been checked with the

original, and duplicate sets of sheets containing the fundamental stars

have been drawn off. The definitive collimations, levels, and azimuth

of the mire are prepared for appUcation as far as May 1915. As has

been stated in former reports, there is an effect similar to lost motion
influencing the collimations; this has been elhninated by grouping the

collimations over considerable periods between breaks. After the

application of a temperature coefficient of — « 002 the resulting prob-

able error of a single determination amounts to ± ?009. Employing the

investigations of 1905, 1908, 1909, and 1911, pivot corrections have
been computed, tables laid out, and they are now being applied to the

observations of the fundamental stars.

It has been possible to devote more time to the General Catalogue,

particularly in collecting material from new catalogues and comparing

the observations of each star with the approxunate ephemeris, pre-

liminary to the precise determination of the proper-motion.
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THE ZONE CATALOGUES OF 1900.

The introduction to the Albany Zone Catalogues for 1900 has been

prepared by Mr. Roy, and the catalogues are now in the hands of the

printer. The publication consists of a catalogue of 8,276 stars observed

by Professor Lewis Boss in the zone between 20° and 41° of south

declination, a catalogue of 2,800 stars observed by Mr. Arthur J. Roy
in the zone between 2° of south and 1° of north declination, a short

catalogue containing the standard star positions observed in detennin-

ing the system upon which the zone observations are based and a

number of miscellaneous star positions, and a fourth part containing a

few miscellaneous stars observed by Mr. Roy. The appendix contains

a list of the proper-motions amounting to more than 10" a century,

derived from a comparison of available material with the positions

given in zone 20° to 41° of south dechnation.

STAFF.

The Director has continued his investigations of systematic stellar

motions and related problems. Dr. S. Albrecht, aside from his duties

as observer, has carried on his investigations of standards of wave-

length. Dr. A. von Flotow has extended his study of the real motions

of those stars with observed parallaxes and radial velocities. Mr. S.

B. Grant has divided his time between instrumental and computational

duties. Mr. H. Jenkins has undertaken sunilar duties. Mr. H.

Raymond has continued his investigations of stellar velocity distribu-

tion. Mr. A. J. Roy has remained in charge of the observing program

and has largely supervised the reductions; his investigation of the

San Luis decUnations continues. Mr. W. B. Varnum, besides his

duties as observer, has been engaged in the preparation for reduction of

past and current work. The computing division consists of Mary E.

Bingham, Grace I. Buffum, Livia C. Clark, Mabel A. Dyer, Alice M.
Fuller, Florence L. Gale, Bertha W. Jones, Isabella Lange, and

Frances L. MacNeill. Three piecework computers have also been

employed.





MOUNT WILSON SOLAR OBSERVATORY.*
George E. Hale, Director.

INTRODUCTORY SKETCH OF THE YEAR'S WORK.

The present report records new and significant advances in several

departments of the Observatory's work. The possibiUty, now well

established, of determining a star's distance by simple spectroscopic

and photometric observations, the confinnation of the existence of

"giant" and ''dwarf" stars, the detection of the periodic change of

spectrum of certain variable stars, and the recognition of internal

motions and suggestive differences of radiation in the central and outer

parts of spiral nebulae, are among the contributions which we owe
to members of the stafT engaged in the study of stars and nebulae.

Other departments have also produced results of interest, which will

be briefly outlined in these introductory paragraphs before we deal in

detail with the work of the year.

The sun, as our only neighboring star, still demands special attention

on the observational program. The marked improvement in the

photography of the higher solar atmosphere, made possible a year ago
by the construction of a 13-foot spectrohehograph, has led to a dis-

tinct advance in our knowledge of the fields of force surrounding sun-

spots. The vortex structure, detected on Mount Wilson in 1908, is

now shown in exquisite detail. The chief point to determine is whether
the forms recorded, which range from radial lines to closely coiled

spirals, represent hydrodynamic phenomena, analogous to terrestrial

tornadoes, or depict the lines of force of the powerful magnetic fields in

the underlying sun-spots. While it is too early to draw final con-

clusions, the curious results of a parallel investigation seem strongly to

indicate that the first hypothesis is the correct one.

The origin of the magnetic fields in sun-spots, attributed from the

first to the rapid whirl of electrically charged particles in low-level

vortices, still remains a subject of investigation. Adequate separation

of the positive and negative charges, unless counteracted in some
obscure way, would also give rise to strong electric fields, which
should be revealed by the Stark effect. But while some valuable

new phenomena of the electric separation of lines in vacuum tubes have
been found here during the year (p. 239), no reUable evidence of the

Stark effect in the sun has yet been detected.

The continued study of the magnetic fields in spots has nevertheless

led to results of great interest. A considerable section of a new map
of the sun-spot spectrum has been completed, and some unsuspected

Situated on Mount Wilson. California. Address, Pasadena, California.
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peculiarities of the Zeeman effect, demanding new theoretical and

laboratory studies, have been revealed (p. 236). The most striking

result, however, is another step toward the recognition of the true law

of polarities of sun-spots in the northern and southern hemispheres of

the sun.

The last annual report recorded the detection of an abrupt reversal

in the magnetic polarities of spots at the sun-spot minunum. This

would probablj'^ indicate, if the magnetic fields are due to vortices, that

the vortices of spots occurring before and after the minimum whirl in

opposite directions. As the spots of the new cycle appear in high lati-

tudes, while those representing the end of the old cycle are close to the

equator, it seemed easiest at first to assume that an effect of latitude

was in evidence. But as the cycle has progressed, many spots appear-

ing in low latitudes have been found to have the same polarity as those

in the higher zones. It now remains to be seen whether a second re-

versal of polarity will occur at the spot maximum, and to interpret the

bearing of these unexpected phenomena on the nature of spots and the

cause of the sun-spot cycle (p. 237).

The excellent series of photographs of the sun's higher atmosphere,

obtained since the completion of the 13-foot spectroheUograph, has

rendered possible a statistical study of the direction of whirl in the

hydrogen vortices. This has brought to light the fact that this direc-

tion did not reverse at the sun-spot minimum. If these apparent

vortices were due to the effect of the magnetic fields in spots on the

ionized hydrogen above them, their direction of whirl should have

reversed simultaneously with the reversal of polarity of the magnetic

fields below. But no such change occurred. Unless we may make
the hnprobable assumption of a simultaneous reversal in the sign of

the charge at high levels and the sign of the charge or the direction

of whirl in the deep-seated spot vortex, the electromagnetic theory

must be abandoned.

From the hydrodynamic standpoint, we may assume the effect of

the spot on the higher atmosphere to be a direct downward suction, the

direction of the whirl at the two levels being detennined by the con-

ditions existing in the upper and lower regions. Final conclusions,

however, must await the arrival of the sun-spot maximum and the

completion of a series of vortex experiments, which tend to strengthen

the hydrodynamic view.

The parallel investigation on the general magnetic field of the sun

has confimied the conclusion, mentioned in the last annual report,

that the magnetic axis does not exactly comcide with the axis of

rotation (p. 240). Though the inchnation of the magnetic axis is

considerably smaller than in the case of the earth, the analogy between

the solar and terrestrial fields, which also agree in polarity, is decidedly

strengthened by the fact that in both cases the two axes fail to coincide.
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The complex phenomena which may be involved in the relative

displacements of lines in terrestrial and solar spectra, including the

effects of pressure and motion of the gases in the solar atmosphere and
the possible influences of anomalous dispersion and the Einstein effect,

demand investigations of the most rigorous character for their solution.

Instrumental errors, physiological complications encountered in the

measurement of closely adjoinmg Hnes, and electrical or pressure

displacements in the artificial light-sources used for comparison
purposes must be run down and eUminated. Much progress has been
made in this dnection during the year. The errors involved in the

measurement of adjacent lines have been detected (p. 240), and it has
been shown clearl}^ that the supposed mutual influence of such Unes,

instead of being due to anomalous dispersion in the solar atmosphere,

results largely, if not wholly, from physiological causes (p. 241).

Turning now to inquiries regarding stars and nebulae, we are able to

record marked progress. Observations of stellar parallaxes and proper

motions, the light changes of certain variable stars, the magnitudes of

stars in Kapteyn's Selected Areas, and the radial velocities of stars

have been systematically continued, and new methods have been effec-

tively applied to the solution of outstanding questions of importance.

In the study of the structure of the universe, no data are more
important than those relating to the distances of the stars. We have
recently observed with satisfaction the rise of an active group of

investigators of stellar parallaxes, whose cooperative researches are

rapidly augmenting the hmited data hitherto available. The use of

the 60-inch reflector has rendered it possible for us to contribute to this

undertaking, and the exceptional precision of the results will certainly

warrant the continuance and extension of the investigation. But this

process, in its very nature, is slow and laborious, and a supplementary
method, of comparable precision, is greatly to be desired.

Such a method, mentioned in the last annual report, has now been
developed and estabhshed as a fundamental contribution to practical

astronomy. Based upon the discovery of a numerical relationship

between the absolute magnitudes of stars and the relative intensities of

certain lines in their spectra, it is thus directly dependent upon existing

methods of parallax determination. But once this relationship has been
established, it becomes possible, by means of a few simple measure-
ments and calculations, to obtain a star's parallax from a photograph
of its spectrum. The method is not as yet applicable to the earlier

types of stellar spectra, and its availability is necessarily limited to

the range of absolute magnitudes occurring among stars of directly

measured parallaxes. Distance does not enter as a limitation, how-
ever, except as it determines the apparent magnitude which can be
observed spectroscopically with the equipment available. But its

simplicity and rapidity of execution will soon increase materially our
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knowledge of the distribution of stars in space (p. 252). Anothermethod,
based upon the relative intensities of different parts of the continuous

spectrum, should also prove to be of practical importance (p. 253). It

may be applied spectroscopically, or with the aid of direct photographs

taken through color screens. A new method of determining star-

colors which has been developed during the year should be of special

value in this connection (p. 248).

The spectroscopic method of determining parallaxes has afforded a

valuable confirmation of the conclusions of Russell and Hertzsprung

regarding the existence of giant and dwarf stars (p. 253). The
further development of this investigation will be of importance in its

bearing on the problem of stellar evolution. Here, too, the quantita-

tive method of classifying stellar spectra, which is based upon the

ratios of the intensities of certain lines, will prove of value (p. 251).

The true significance of the change of color with brightness, long

recognized as characteristic of variable stars of the Cepheid class, has

now been detected. All stars of this class hitherto investigated are

found to go through periodic variations in spectral type, passing by
gradual changes of line intensity from one type to another. The
chief value of this discovery will not be confined to its bearing on the

nature of these variable stars, but is likely to he in its apphcation to the

interpretation of the spectral changes which accompany stellar

evolution (p. 253).

Star clusters offer exceptional opportunities for certain researches,

especially those which require the comparative study of stars at

the same distance from the earth. A comprehensive study of the

magnitudes and colors of stars in globular and open clusters has already

yielded some interesting results. These include proof of the existence

of giant red stars in globular clusters and evidence that light is not

appreciably scattered in its passage through space (p. 249).

A general investigation of nebulse, which we have long planned

to undertake, will be fully organized as soon as the 100-inch telescope

is completed. In spite of the many demands on the 60-inch reflector,

it has been possible during the year to give more attention than for-

merly to work of this character.

Direct photographs of interesting nebulse are taken regularly at the

principal focus of the 60-inch reflector and occasionally on the larger

scale afforded by the Cassegrain combination (p. 244). In spite of the

evidence of internal motions suggested by the appearance of spiral

nebula?, no change in their form has been detected until this year.

Differential measures of many condensations in the spiral M 101, made
with the stereocomparator on two photographs separated by an

interval of five years, yielded distinct evidence of rotation. As this

has been confirmed by two measurers, using Mount Wilson and Lick

photographs, its reality appears to be established. A series of photo-
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graphs of promising nebulse, made with special reference to the rigorous

requirements of such work, will be taken with the 60-inch and 100-inch

reflectors (p. 244).

The spiral nebula N. G. C. 4594, which we see from a point lying

nearly in its own plane, affords an excellent opportunity to study the

rotational motion by spectroscopic observations. The high tangential

velocity of 335 km. per second for a point 120" from the center, and
the fact that the velocity is directly proportional to this distance, are

both of peculiar interest. If we may assume that the dimensions and
velocities are of the same order of magnitude in this nebula and in

M 101, we can at once determine the order of the parallax of N. G. C.

4594. The resulting value of 0''0002 indicates the probable remote-

ness of this spiral (p. 254).

The great number of the spiral nebulse, and their striking regularity

of form, render them of exceptional interest in the evolutional problem.

Any evidence obtainable as to their mode of formation or their degree

of condensation at various distances from the center will be eagerly

sought. Thus the marked differences in color, revealed by a compari-

son of photographs taken with and without color screens, will repay

much study (p. 248). The denser nuclear region, giving a spectrum
similar to that of a star, sometimes as far advanced as the sun, is

relatively yellow, while the spiral arms and the condensations along

them are intensely blue. It remains to be seen whether this difference

is due to the gaseous character of the outer parts, but a spectrographic

observation of a bright knot 10" from the nucleus of the spiral nebula

M 33 shows the gaseous nebular spectrum, and thus supports this

view (p. 255).

The color screen, in its various fonns, finds many applications in

astronomy. Thus Jupiter and Saturn show new belts and markings
when photographed by ultra-violet light. The extension of this

method to other planets is Ukely to prove advantageous (p. 243).

The interpretation of astrophysical observations depends largely

upon laboratory experiments, which have gone forward effectively

during the year. The electric furnace continues to serve as an
efficient means of varying and controlling physical and chemical con-

ditions. With its aid the study of the changes of metallic spectra

with temperature has gone forward, band spectra have been produced
and photographed, and various special experiments have been made
(p. 257). These include an examination of the characteristics of the

red lithium line, which appears to be present in sun-spots but absent

from the general solar spectrum (p. 259), and some work on anomalous
dispersion, undertaken to see whether neighboring lines can actually

be displaced by mutual influence. The negative results obtained are

in harmony with the indications of solar observations (p. 241) as well

as theory. Metallic spectra, produced within vacuiun tubes by bom-
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bardiiig a vapor with a stream of cathode particles, promise to be
of interest when studied quantitatively (p. 260).

The measurement of secondary standards of wave-length by inter-

ference methods, in teniis of the red cadmium hne, has advanced rapidly

since the installation of the auxiUary concave grating and the perfected

quartz-invar etalons. The use of several fonns of arc, in air and in

vacuo, the eUmination of displacements due to ''pole-effects" and
pressure, and the application of powerful grating spectrographs to

check the interference results, should yield international secondary

standards of the highest attainable accuracy (p. 260).

The further study in the laboratory of the Zeeman effect has pro-

vided a large collection of new data for the spectra of iron, chromium,
vanadium, and titanium (p. 260). Corresponding studies of the

Stark effect have yielded new results for lithium and calcium (p. 239).

Both investigations are being extended to other elements.

On the instrumental side, the work of the year has been devoted

largely to the completion of the ruling machine and the extensive labor

of finishing, transporting, and erecting the 100-inch telescope. The
successful outcome of the long task of figiu'ing the 100-inch mirror, the

production of an excellent grating, and the accomplishment of the work
of transporting most of the heavy and cumbersome parts of the tele-

scope up Moimt Wilson, where they are now being erected, mark the

beginning of the last stage in the provision of the equipment originally

planned for the Observatory. The excellent figure of the large mirror

is a source of special satisfaction, which we trust may be augmented
in the near future through the actual use of the 100-inch telescope

(p. 264).^

STAFF.

During the first half of the year the Director continued his solar

researches in collaboration with several members of the staff. In

April he was called upon by the National Academy of Sciences to assist

in the organization of a National Research Councdl. This task,

undertaken at the request of President Wilson, has occupied most of

his time since that date. Dr. Walter S. Adams, Assistant Director,

has continued to direct the investigations in stellar spectroscopy and

has had general charge of the Observatory during the Director's

absence. Professor Frederick H. Seares, superintendent of the

Computing Division and editor of the Observatory publications, has

carried on his researches in stellar photometry, the determination of

the position of the sun's magnetic axis, and other subjects. Dr.

Arthur S. King, superintendent of the Physical Laboratory, has

devoted most of his time to work with the electric furnace. Dr.

'Owing to delays in European mails, the report of Professor Kapteyn, given on page 255, could

not be refened to in this introductory sketch.
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Charles E. St. John has given special attention to the supposed
mutual influence of closel}^ adjacent solar lines, and the question of

possible anomalous dispersion in the sun. Professor G. W. Ritchey
has completed the 100-inch mirror and made some photographs of

nebulae with the 60-inch reflector. Dr. J. A. Anderson, who joined the

Observatory staff in July, is engaged in a study of the Stark effect and
is collaborating with Mr. Jacomini in the ruling of gratings. Mr.
Harold D. Babcock has continued his researches on the Zeeman effect

and the determination of standards of wave-length by interference

methods. Mr. Ferdinand Ellerman has served as Observatory
photographer and carried on his work with the Snow and tower
telescopes. Mr. Francis G. Pease, in charge of instrument design,

has given much time to the IGO-inch telescope and has continued photo-

graphic and spectroscopic studies of nebulce. Dr. Harlov/ Shapley
has pursued his studies of stellar photometry, star clusters, and
variable stars, and devoted special attention to the spectroscopic

phenomena of the Cepheids. Dr. Adriaan van Maanen has carried

forward his determinations of stellar parallaxes and proper motions
and the measurement of spectra to fix the position of the sun's magnetic
axis; he has also studied the internal motions in spiral nebulae. Dr.
Walter Colby returned to the University of Michigan in September,
after spending a year at the Observatory. Mr. George P. Luckey,
after completing his observational and experimental work, resigned

his position on November 1. Dr. Seth B. Nicholson, who joined the

Observatory staff September 1, has devoted most of his time to solar

work. Professor Alfred Joy, who joined the staff October 1, has
also been engaged in the solar work. Mr. George S. Monk, whore-
signed his position on October 1, has assisted in the stellar spectroscopic

investigations.

Professor J. C. Kapteyn, Research Associate of the Carnegie Insti-

tution of Washington, has continued in Holland his studies of Mount
Wilson observations. Professor R. W. Wood, of Johns Hopkins Uni-
versity, spent a few days on Mount Wilson in October, photographing
the Moon, Jupiter, and Saturn through color screens.

Miss Janet Howell, who held the Sarah Berliner Fellowship for

1915-1916, spent the academic year at the Pasadena Laboratory
studying the Stark effect for lithium and calcium. Miss Edna Carter,

of Vassar College, has recently been at work in the Pasadena Labora-
tory on spectra produced in vacuum tubes by the cathode discharge.

Dr. Gustaf Stromberg, of Stockholm University, joined the staff in

June as a volunteer assistant in stellar spectroscopy.

Dr. Charles G. Abbot, Director of the Smithsonian Astropbysical

Observatory, has continued his solar investigations on Mount Wilson
during the summer of 1916 with the assistance of Mr. L. B. Aldrich.
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INVESTIGATIONS IN PROGRESS.

SOLAR RESEARCH.

INSTRUMENTS.

The exceptional qualities of the photographs of flocculi obtained

with the 13-foot spectroheliograph, built for the 60-foot tower telescope

a year ago, have thrown heavy demands upon these instruments,

which are used daily throughout the period of best seeing. In order to

take full advantage of the good definition afforded by the 60-foot

tower, and to set free the Snow telescope for other work, the 5-foot

spectroheliograph was mounted horizontally in the house at the base

of the tower in December, together with a 45° plane mirror for project-

ing the solar image upon the vertical slit of the spectroheliograph.

This mirror can be moved to one side, pennitting the solar image to be

used with the 13-foot spectroheliograph or the 30-foot spectrograph,

w^hich hang side by side in the concrete chamber beneath the tower.

The Snow telescope has two advantages over the tower telescope:

its perfect achromatism (due to the exclusive use of mirrors in its

optical train), and its comparatively large angular aperture, which

is twice as great as that of the 60-foot tower telescope. On the other

hand, the distortion of the large and relatively thin mirrors, when
exposed to sunlight, limits seriously the period of good definition, and

frequently produces a very appreciable change in the focus of the

solar image during a single exposure with the spectroheliograph. This

telescope is, therefore, best adapted for investigations in which large

angular aperture and perfect achromatism are more urgently needed

than perfection of focus and good definition.

We have therefore decided to equip the Snow telescope with a vertical

spectrograph, mounted in an underground chamber of concrete, of

the type which has proved so satisfactory in our previous work with

the two towers. The combination will be available for Mr. St.

John's investigations on the relative positions of arc and solar lines,

which have been handicapped by the small angular aperture of the

tower telescopes. It is extremely important to have the diameter of

the hght cone at the grating level much larger than the aperture of the

grating itself, in order to assure perfect unifonnity of illmnination.

This new apparatus will soon be ready for use.

SOLAR PHOTOGRAPHY.

During the year ending August 31, 1916, 84 direct photographs of

the Sun were taken with the Snow telescope prior to the removal of the

5-foot spectroheliograph, together with 222 spectroheliograms, includ-

ing 130 Ha and 46 K2 images of the entire disk, and 46 K2 promi-

nence plates.
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The following photographs have been taken with the 60-foot tower

telescope by Messrs. Ellerman, Nicholson, Joy, and Campbell, who
also made those taken with the Snow telescope: photoheliograms,

207; 5-foot spectroheliograms (Ha, of entire disk), 139; 13-foot spectro-

heliograms, 1,G09.

IDENTITY OF THE DARK " FILAMENTS" WITH PROMINENCES.

The hydrogen flocculi of the liigher solar atmosphere, including the

long dark objects which M. Deslandres has called ''filaments," were
first photographed with the Rumford spectroheliograph of the Yerkes

Observatory in 1903. Their essential identity with prominences was
at once suspected, and was confirmed by observations near and at the

limb made at that time and in subsequent years. A good case in point

is illustrated in our paper on "Solar Vortices" in the Astrophysical

Journal for September 1908.

The same conclusion has been reached by Evershed, Ricco, and
others who have investigated these objects, but it has been disputed by
Deslandres, who maintains that the identity has not been proved.

Without going into details, which will be given in full elsewhere, it

may be said that a great number of prominences photographed with

the 13-foot spectroheliograph fully bear out our original interpreta-

tion. Many beautiful examples of prominences photographed with the

center of Ha, while half projected against the disk and half rising

above the limb, occur in our collection of plates.

STEREOGRAMS OF CALCIUM AND HYDROGEN FLOCCULI.

The rapid changes in form characteristic of most phenomena of the

solar atmosphere interfere seriously with the preparation of reliable

stereograms. Several years ago we published stereograms of the cal-

cium flocculi, made with an interval of several hours, which show the

sphericity of the solar image and the rehef of the H2 flocculi. But these

were small scale images of a region in the solar atmosphere where the

changes in form are much less rapid than at the higher hydrogen level.

To overcome the difficulty, it is necessary to limit the interval

between the photographs to the shortest possible time. Under the

conditions used in our work, an application of the criterion of Helm-
holtz indicates that the angle through which the sun rotates in 5

minutes should be sufficient to show true stereoscopic rehef. Combin-
ing properly a pair of photographs taken with this interval, we see the

dark hydrogen flocculi, and especially the long dark filaments which
have been identified with prominences, rising plainly above the surface.

We must be on our guard, however, against false effects of relief

due to various causes. The true stereoscopic relief with such a time

interval is very small, and may sometimes be completely masked by
false effects. To check its reality, we have photographed a globe bear-

ing small objects in relief, and have found that by turning it through
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the same angle as that used in the solar work, we can obtain pairs of

photographs which unite into true stereograms. It may be added that

we have confined ourselves to Helmholtz's limiting angle and have not

adopted the much smaller value given by Pulfrich. When used with

care, and with sufficient precaution against possible errors, these

stereograms may be useful in studying the relative levels of the flocculi.

It may be added that they give results in haraiony with conclusions

obtained by other means.

A NEW MAP OF THE SUN-SPOT SPECTRUM.

In 1907 we prepared and distributed to observers a map of the sun-

spot spectrum on a scale of 2 mm. to the angstrom. Some very fine

photographs of the spectrum of a large spot, recently made by Mr.
Ellerman in the second order of the 75-foot spectrograph, have rendered

possible the preparation of a map on a scale of 1 cm. to the angstrom,

which is sufficient to show the chief phenomena of the Zeeman effect,

including some interestmg anomalies.^ The polarization phenomena
are brought out to special advantage through the use of a compound
quarter-wave plate, mounted in conjunction with a Nicol prism just

above the slit of the spectrograph. At present the map covers only

the region from X6000 to X6450, but it will be extended over a greater

range as soon as sufficiently perfect photographs of other regions can

be obtained.

The definitive reduction of photographs of sun-spot spectra, which

involves the measurement of the components of triplets and quad-

ruplets, is seriously complicated by the physiological errors which

enter when one attempts to bisect closely adjacent lines. As the

discussion of the results demands an elimination of such errors, the

final studies have been further delayed until they can be evaluated

with the Koch machine or otherwise. Meanwhile the studies of Mr.

St. John (p. 240) have shown how seriously such errors may vitiate

conclusions wliich ignore their existence.

THE ZEEMAN EFFECT IN SPOTS NEAR THE SUN's LIMB.

When a spot is observed close to the sun's limb, the lines of force

of its magnetic field vary greatly in inclination at points but slightly

separated from one another. At the center of the spot, where they are

apparently radial, they He nearly at right angles to the hne of sight.

In this case the polarization phenomena should be those observed in

the laboratory across the field of a magnet, i. e., the three components of

a triplet should be plane-polarized, permitting the outer components or

the central one to be cut out at will with a Nicol prism. On the inner

edge of the penumbra the lines of force are directed toward the

'Behavior of the p-components of triplets as though their edges were circularly polarized in

opposite directions; presence of triplets which indicate stronger fields in the penumbra than in

the umbra; transmission of both n-components of triplets at the center of spots where the com-

pound quarter-wave plate and Nicol completely cut off one component in the penumbra, etc.
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observer, while at its outer edge they extend in the opposite direc-

tion. Thus with a Nicol and quarter-wave plate the red component
should be cut off in one case, the violet component in the other.

All of these effects are easily seen with the 75-foot spectrograph,

used in conjunction with the large solar image of the 150-foot tower
telescope. When very near the limb, the hues of force directed toward
the observer from the inner edge of the penumbra are absent, pre-

sumably because of the depression of the umbra and penumbra below
the level of the photosphere. Thus a polarity test for a spot in this

position would be misleading, as the elUptical polarization would be
due to the oppositely directed lines of force on the outer edge of the

penumbra.

SUN-SPOT POLARITIES.

The remarkable fact that spots which appear before and after the

sun-spot minimum are opposite in magnetic polarity was mentioned
in the last annual report. At that time the spots of the new cycle

were still occurring in high latitudes, but many have since appeared
near the equator. With no more than 1 or 2 per cent of exceptions,

spots of the new cycle, irrespective of latitude, are opposite in sign to

Spot cycle and hemisphere.
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components, respectively, by the Nicol and compound quarter-wave

plate. The large percentage of undetermined cases for the Ha whirl

arises from the fact that small spots oftentimes show no vortex struc-

ture, although the polarity is easily determined.

It thus appears that while the magnetic polarities of the spot-fields

reversed at the minimum, the direction of whirl in the overlying

hydrogen vortices did not reverse. This seems to be a fatal objection

to the hypothesis that the configuration of the hydrogen vortices is

caused by the magnetic field of the spot, which might impel mo\dng

ions to arrange themselves along the hnes of force. The vortex

experiments undertaken last year also oppose the electromagnetic

explanation, and point to the hydrodynamic hypothesis. But this

must take into account the fact that the direction of whirl in the

low-lying spot-vortex apparently reversed without changing the sign of

the secondary vortex above. This would be quite possible if the effect

of the spot on the overlying atmosphere were confined to a vertical

suction, leaving the sign of the secondary vortex thus induced to be

determined by the conditions existing at its higher level. As the

rotation law at this level is essentially the same before and after the

minimum, the sign of the whirl should remain constant.

The cause of the reversal of spot polarities at the minimum still

remains a mystery, and the possibility that the sign of the charge,

rather than the direction of rotation in the vortex, is reversed must not

be wholly ignored. We have no evidence pointing to such a con-

clusion; indeed, we have as yet no direct evidence of the existence of an

electric charge in the spot-vortex.

THE STARK EFFECT.

As stated in previous reports, the character of the lines in sun-spot

spectra offers no apparent reason to hope for the detection of such phe-

nomena as the presence of an electric field might induce. The hydrogen

lines, which are enormously widened and split into many components

by the electric field within a vacuum tube, are not widened, but actually

narrowed, in sun-spot spectra. It is true that they represent a

comparatively high level, and that lines originating at greater depths

should better serve our purpose. But for most of these the Stark

effect, if any exists, is unknown. The spot triplets certainly offer

nothing of promise. With a Nicol and quarter-wave plate we can cut

off completely their ellipitically polarized n-components, leaving a

sharply defined p-component which is narrower than the corresponding

line in the solar spectrum beyond the Umits of the spot. Since no

circular or elliptical polarization has yet been found for the components

of a line split up by an electric field, the narrow p-component must

presumably contain any evidence that exists for the Stark effect;

and yet we find it narrowed rather than widened.
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The Stark effect is nevertheless of such fundamental importance
that it has seemed advisable to study it carefully in our laboratory.

We owe to Professor Stark's kindness a beautifully made hydrogen
tube of the form he has used so successfully. In the absence of a
skilled glass-blower, however, it has been necessary usually to employ
the simple fonn of tube used by Lo Surdo. Miss Howell, after success-

fully overcoming the difficulties encountered in the course of this work,

has obtained some interesting new results for lines of lithium and cal-

cium. For the Uthium lines X4602 and X4132 she finds in the trans-

verse effect the same general character of separation as that described

by Stark, though her measurements give, on the whole, larger displace-

ments than he found. In the longitudinal effect, however. Miss
Howell's photographs show two sets of unpolarized components which
correspond in number, and roughly in intensity, with those observed

in the transverse effect, but which have distinctly smaller displace-

ments. In addition, the strong central component of X4132, moder-
ately shifted toward the violet, is found unpolarized in both the

longitudinal and transverse effects. Displacements toward the violet

are greater than those of opposite sign, reaching a maximum of 3.1 A for

20,000 volts per centimeter in the case of the transverse effect for X4132.

The H and K lines of calcium are each resolved by an electric field

into two components for the transverse effect and three for the longi-

tudinal. In the latter case all these components are unpolarized and
are sharp and clear. For the transverse effect, however, the com-
ponents are broad and hazy, the stronger one, on the red side, being

unpolarized in each case, while the weaker one is polarized. The
maximum displacement occurs in the case of the K hne, amounting to

about 1.4 a toward the red for 20,000 volts per centimeter in the

longitudinal effect. This is comparable to the separations observed

in the case of hydrogen, helium, and lithium.

The lithium line here in question does not exist in the sun, and it

jemains to be considered whether the wings of the H and K lines in

spot spectra are due to an electric field. When we remark the great

strength and breadth of these wings outside of spots, and remember
how easily similar v/ings are produced in the laboratory without the

aid of an electric field, it can not be said that such indications are yet

entitled to any weight. Steps are now being taken to produce more
brilliant spectra, since high dispersion must be employed to determine

whether Hues of iron and other similar elements are appreciably

affected by an electric field.

GENERAL MAGNETIC FIELD OF THE SUN.

The chief work of the year has been a continuation of the attempt to

determine the incUnation of the sun's magnetic axis and the period of

its revolution about the sun's axis of rotation. The three lines

X 5247.737, X 5300.929, and X 5329.329 have been measured by Mr.
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van Maaiien in 625 spectra, representing observations on 20 days.

Altogether 46 days, distributed over the interval of 110 days for which
plates are available, have been finished. From observations on 37

days, covering an interval of about two and one-half months, the

following preliminary results have been derived by Mr. Scares:

Per:od = 3ls'51=tOJ62

Inclination = 5 ?2±0?5
Magnetic pole on central meridian, 1914, June 25.07 =t0'?43.

INVESTIGATIONS ON THE RELATIVE POSITIONS OF SOLAR AND TERRESTRIAL LINES.

Mr, St. John has continued his extensive researches on the relative

positions of solar and terrestrial lines, in order to determine their

bearing upon pressure, motions, and the possible influence of anomalous

dispersion and the Einstein effect in the solar atmosphere. Independ-

ent sets of observations are being made with several different spectro-

graphs, and a further check will be afforded by the use of interference

methods. Mr. St. John is also continuing his work on the Evershed

effect in sun-spots and carrying on an investigation of the solar rotation

in order to detect any possible change in its period.

ERRORS IN THE MEASUREMENT OF CLOSELY GROUPED LINES.

The data relative to differences between solar and arc lines have

been greatly increased during the year by Mr. St. John, but the major

effort has been an investigation of the accuracy of measurement and of

the possible mutual influence of closely adjacent solar lines. Personal

equation and its elimination have been given much attention. The
most important result is the evidence of systematic errors for close

pairs of lines in the Rowland tables. The measurement of solar lines

near the limit of spectrographic resolution is a matter of extreme diffi-

culty and liable to system.atic error. Separations have been deter-

mined, as far as possible, upon each of five series of spectrograms with

dispersions varying from 0.23 to 1.8 A per millimeter. For incomplete

separation, those obtained from registering microphotometer curves

are smaller than those found by filar-micrometer settings. Near the

hmit of resolution, microphotometer curves, settings on the edges of

the doublet and of lines similar to its components, and micrometer

measurements have been employed. The first appears more reliable

and yields smaller values than the third. Separations equal to the

theoretical spectrographic resolution, though ser\dng to detect duplicity,

are not sufficient for micrometer measurements to the third decimal

place of angstrom units.

Filar-micrometer measurements of the separation of close doublets

vary with the width of the slit, the precision of the focal settings, and

the density and definition of the spectrograms, those of the finest

definition yielding the lowest values for doublets near the limit of res-

olution. Whatever decreases the intensity of the common region

relatively to that of the continuous spectrum produces a tendency on
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the part of the measurer toward increased separation. This seems to

be an effect of contrast, the maximmn being located nearer the free

edge of the hne, for which the contrast is greater.

For close pairs to the red of X4000, component intensities 3 and 4,

with mean separations of 0.276, 0.145, and 0.75 A, the Rowland separa-

tions exceed the Mount Wilson values systematically by +0.003,

+0.008, and +0.013 A, respectively. That these differences are

errors in the Rowland values is made probable by the agreement

between the results of the diverse methods used at Mount Wilson, the

concordance between the spectrograms of different orders, and the

established tendency toward over-separation with any departure

from best conditions.

A FURTHER TEST OF THE ANOMALOUS DISPERSION THEORY.

A mutual influence of closely adjacent Fraunhofer lines which dis-

places them in opposite directions, a quasi-repulsion, is a deduction

from the anomalous dispersion theory. An observational confiniiation

of such an influence would be a direct proof of the efficiency of anom-
alous dispersion in producing solar phenomena; its value as a criterion

is evident. For solar lines with companions to the violet the sun-arc

displacements should be greater than the mean for lines of the same
pressure group, and less for solar lines with companions to the red;

further, the separation of the adjacent lines should be greater in the

solar spectrum than in arc spectra.

Pressure

group.
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investigation had revealed errors in the Rowland wave-lengths

comparable in sign and magnitude to the deviations observed by
Albrecht, the 104 hnes used by him were investigated. The cor-

respondence between the Albrecht deviations and the results of this

investigation affords so close a parallel as to leave no doubt that the

deviations are to be attributed to systematic errors in Rowland's
tables. They furnish no valid evidence, therefore, that the relative

positions of the Fraunhofer lines are systematically displaced by mutual
influence, while, as just shown, the sun-arc displacements (372 Unes)

and the relative separations of the components of 45 close pairs in

solar and arc spectra indicate that, within the limits of error, mutual
mfiuence is absent from the solar spectrum. In so far as mutual
influence is a necessary corollary of anomalous dispersion, evidence for

the latter is therefore also absent.

INVESTIGATIONS OF PLANETS, STARS. AND NEBUL/E.

OBSERVING CONDITIONS.

The obsei*ving conditions at night for the year ending August 31,

1916, were more favorable than for several years past. This was in

spite of the fact that January was one of the stormiest months on

record and furnished the lowest percentage of observing weather

(14 per cent) since the establishment of the Observatory. The
months of April, May, and June were exceptionally favorable for

observational work, summer conditions beginning much earlier than

usual. The 60-inch reflector was in use 210 entire nights and during a

part of 78 nights. No observations were made on 78 nights. Out of

3,591 hours of darkness the instiniment was in use 2,306 hours, or 64

per cent. The mirror was resilvered twice during the year, in February

and June. The statistics for each month are given below

:

Date.
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The conditions of seeing on a scale of 1 to 5 and the wind records are

given in the following table

:

Seeing.
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The photographs of Jupiter show numerous differences in light of the

different colors. On the infra-red images there is less darkening of the

disk toward the planet's limb and the cloud belts are very inconspicu-

ous. Moreover, the upper dark polar cap shades off gradually, while

on the violet and ultra-violet photographs the boundary is sharply

defined. The latter also show a doubling of the bright belt above the

equatorial zone which is not seen on the other negatives.

The photographs of Saturn are of special interest. The infra-red

image shows the ball of the planet nearly devoid of markings, with only

traces of the belts visible. These are distinct on the yellow image,

which presents the usual visual appearance of the planet. On the violet

photograph, however, a very broad dark belt surrounds the planet's

equator, covering the region which is brightest in yellow light, and in

addition a dark polar cap of considerable size makes its appearance.

These dark regions appear also on the ultra-violet image with slight

modifications. They may be due either to the presence of a ring of

dust forming an extension of the crape ring down to the ball of the

planet or to the existence in the planet's atmosphere of some material

or gas capable of absorbing violet and ultra-violet light. The latter is

perhaps the more probable.

Photometric measures of the density of the plates between the ball

and the ring, made by Mr. Babcock, indicate a greater density for the

ultra-violet than for the yellow image.

DIRECT PHOTOGRAPHY.

The following photographs of spiral nebulae were made during the

year by Mr. Ritchey at the Newtonian focus of the 60-inch reflector:

X. G. C. 224 Exposure 9^ 10^ N. G. C. 4736 Exposvire 2'' O"
2403 8 5857\ „ -

2683 5 5859/
3627 1 0946 10

Mr. Pease has obtained the following negatives at the same focus

of the reflector:

N. G. C. 2371-2 Gaseous nelmla.

2392 Planetary nebula.

4594 Spiral nebula almost edge-on.

5544—5 Two overlapping nebulce, one edge-on, the other in plan.

6070 Spiral nebula in plan.

6309 Gaseous nebula.

6555 Spiral in plan in Milky Way.
6703 rjaseou.s nebular .spot.

A plate of Nova Lacerta', on which the North Polar Sequence was
superimposed, gave for the Nova a photogi*apliic magnitude of about

13.5.
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MEASUREMENT OF PARALLAXES AND PROPER MOTIONS.

During the past year 387 direct photographs, including 518 expo-

sures, have been taken at the 80-foot focus of the 60-inch reflector.

Of these, 404 exposures were for the determination of parallaxes, 93

for the determination of proper motions of large proper-motion stars,

and 21 for miscellaneous purposes.

For 17 parallax fields, each with 12 to 20 exposures, the measures and
reductions have been finished, making a total of 34 finished fields. All

stars with a very few exceptions were selected from Boss's "PreUmin-

ary Catalogue" and are of spectral types F to N, with magnitudes less

than 5.5, and proper motions less than 0''5. The mean probable error

of a final parallax is ±0^006. From the first 20 fields evidence was
derived that systematic errors due to a magnitude error and to the

neglect of quadratic terms of the coordinates of the comparison stars

are negligible.

The work on the large proper-motion stars has been continued during

the middle of the nights. For 126 stars in the northern hemisphere

first-epoch plates have now been secured, while second-epoch plates

(one year's interval) have been taken of the following four stars of

exceptionally large proper motions:

Star.
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motions of the nebulous points relatively to the stars for the proper

motion of the nebula, which was found to be +0''005 and — 0''013,

the residuals gave strong evidence of internal motion. The values

for individual points were resolved into components parallel to and
perpendicular to the radius vector connecting them with the center;

78 rotational components are left-handed and 9 right-handed; 58

appear to be moving outward and 28 inward. The mean annual

components are 0''022 left-handed for the rotation, at a point 5' from

the center, and 0''007 outward for the radial motion. The mean
resultant motion deviates but a few degrees from the direction of the

branches of the spirals. Interpreted as a motion of rotation, the period

would be about 85,000 years.

An improved proper motion was derived for the double cluster h

and X Persei with the aid of 25 cluster stars whose common radial

velocity, as determined with the Cassegrain spectrograph, is about
— 40 km. per second. The resulting proper motion of the cluster is

exceedingly small, namely, +0''003 in both right ascension and dec-

lination.

STELLAR PHOTOMETRY.

The observational part of the investigations in stellar photometry

by Mr. Scares and Mr. Shapley includes 767 photographs, all made
with the 60-inch reflector and distributed as follows

:

Selected Areas 314 Color photograhs of neliulae. ... 45

Clusters 99 Color photographs of stars 181

Variable stars 98 Miscellaneous 30

Photographic Magnitudes for the Selected Areas.

The observational part of this investigation, which is in the hands of

Mr. Scares, is now approaching completion. The program for the

determination of relative magnitudes on an absolute scale has been

described in previous reports. As indicated by the first three columns

of the accompanying table, only 30 of the magnitude-scale plates are

still to be obtained. Most of the photographs required for the reduc-

tion of the relative magnitudes to a unifonn zero-point have also been

secured. These consist of two groups, one a series of zonal intercom-

Kiud of photograph.
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parisons, the other intercomparisons of certain areas with the North

Pole. Each area is compared with the preceding and following area

of the same zone, thus connecting adjacent regions by two plates, each

with a symanetrical arrangement of exposures on the areas compared.

The complete series for a zone permits a reduction of all the relative

magnitudes of that zone to a common zero-point. For the final

reduction to the International zero-point defined by the Polar Stand-

ards, six areas in each zone, at intervals of 4 hours in right ascension, are

compared in duplicate directly with the Pole. The distribution of the

polar comparisons in right ascension facilitates the adjustment of the

closing error of the zones.

Of the 430 scale plates thus far obtained, 301 have been completely

measured and 56 have been measured once. The reductions are

complete up to and including the relative magnitudes for 70 of the

areas, and for each of these a series of standards has been forwarded

to Professor Kapteyn to be used in the reduction of the Selected Area
Durchmusterung plates.

It is now clear that the amount of material ultimately to be accumu-
lated will be far in excess of the original estimates, owing to the

unexpected richness of the fields in and near the Milky Way. For the

70 areas whose relative magnitudes are complete the total is over 23,000

stars. A provisional investigation of the distribution with respect to

the Galaxy indicates a much greater galactic condensation than that

found by Chapman and Melotte. Although the totals are determined

by the limiting magnitude, which varies from plate to plate, it is

unhkely that the values for precisely determined intervals of brightness

will modify the result.

Photovisual Magnitudes for the Selected Aheas.

Photographic magnitudes can not be utilized to their full value unless

photovisual results are also available. Mr. Scares and Mr. Shapley

have accordingly undertaken the determination of photovisual stand-

ards for 37 of the Selected Areas—the area near the Pole and the six

others in each of the six 15° zones which, in the program for photo-

graphic magnitudes, have been compared directly with the Pole.

The plan is similar to that for the photographic investigation. The
zonal and polar comparisons are the same in the two cases, but the

observations for magnitude scale have been modified because of the

longer exposures necessary with the isochromatic plate and yellow

filter. Three photographs are to be made for each area: one of six

5-minute exposures with apertures of 60, 32, and 14 inches; and two

others, each including exposures of 60 minutes and 5 minutes with

the full aperture.

The absolute scale, to the fourteenth or fifteenth magnitude, will be

estabUshed by the plates of reduced aperture. The results from the
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single scale i)late for each area will be corrected and strengthened

by those for the adjacent areas of the same zone, which can be made
available for the purpose by the zonal comparison plates. When the

scales for each group of three areas have been combined into a final

mean for the middle area of the group, the two plates of long and short

exposure for that area will be used to extend the mean scale to the

fainter stars. By this means it should be possible to reach a hmiting

magnitude of 16 or 17, which is but Uttle short of that for the photo-

graphic investigation. The status of the observations is indicated by
the last two columns of the table on page 246.

A Mkthod foh Determining the Color of a Star.

An expeditious and convenient method of determining the color of a

star has been much desired. Estimates based upon spectral classifica-

tion do not include, to an appreciable extent, the influence of intrinsic

luminosity nor of any color-change produced by a possible scattering

of fight during its passage through space. Both color-index and
effective wave-length include these factors; but color-index requires

a knowledge of both photographic and photovisual magnitudes on the

international scale, and hence a good deal of observational labor, while

effective wave-length involves the use of an objective grating w^hich,

for a large instrument at least, is cumbersome and inconvenient.

Preliminary experiments by Mr. Seares indicate that the ratio of the

exposure-times necessary for the blue and yellow light of a star to pro-

duce images of the same size can be used as a measure of its color and

that the requisite observations are very quickly made. An isochro-

matic plate is used, with a yellow filter for the yellow image, and with-

out filter for the "blue" image, all exposures being on the same plate.

With suitable precautions for the elimination of various systematic

errors, the uncertainty in the result from a single plate including two

values corresponds to about 0.06 mag. in the color-index. The
greater redness of stars of high luminosity, spectral type remaining the

same, is easily seen in the results from even a single plate.

Distribution of Color in Nebula.

Experience in various fields of investigation would lead us to antici-

pate a lack of homogeneity in the distribution of the glowing gases of a

nebula, and in many instances differences of distribution have actually

been detected. For example, it has been kno\^Ti for some years that

the distribution of the violet radiation at X3727, the blue-green radia-

tion of Hj3 and the chief nebular lines, and the red radiation of the

Ha is very different in different parts of the Orion nebula. Many
objects, however, are too faint for spectroscopic examination and

special methods of investigation are required. Some preliminary

experiments by Mr. Seares with color photographs promise interesting

results. Color-sensitive and ordinary plates combined with filters
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transmitting the violet, blue, yellow, and red regions of the spectrum
have been tried. The most useful, because of the moderate exposures

required, are the ordinary plate and the isochromatic plate and yellow-

filter combination used in determining photovisual magnitudes. With
these it has been found, for example, that the central nuclei of the

spiral nebulae Messier 51, 94, and 99 are relatively yellow, while the

branches of the spirals, and especially the knots and star-like condensa-

tions scattered along them, are intensely blue. Other spirals suggest a
similar result, although completely satisfactory photographs have not

yet been obtained. It is not unlikely that the phenomenon is charac-

teristic of this class of objects.

The behavior of the condensations along the branches is reminiscent

of the great photographic activity of the central star in the ring nebula
in Lyra. Photographs of this latter object reproduce various results

of other observers, such, for example, as variations in the size and struc-

ture of the ring for light of different wave-lengths. The color-index

of the central star seems to be of the order of —1.5 mag.; but the

second star is less active photographically, while the two objects in the

edges of the ring, just visible on ordinary plates, are strongly yellow.

In contrast to the spirals and the ring nebula, the bright planetary

N. G. C. 3242 shows no important differences in blue and yellow light.

Magnitudes and Colors in Clusters.

The study by Mr. Shapley of the magnitudes in clusters has been
extended to several new stellar systems. The investigations are near-

ing completion for the open cluster Messier 37 and for the more con-

densed group Messier 11, which is situated in one of the dense star-

clouds of the southern Milky Way. The magnitudes in the globular

clusters Messier 3, 5, 14, and 15 have been partially determined and
measures on the fainter stars of the bright double cluster in Perseus

have been started.

Catalogues of the magnitudes and colors in Messier 13 and Messier

67, mentioned in last year's report, and an extended discussion of the

results are now in press. The earlier results, indicating the absence of

light-scattering in interstellar space and the existence of giant red

stars in globular clusters, have been confirmed by the investigations of

the past years.

Variable Stars.

A number of miscellaneous investigations by Mr. Shapley relative

to variable stars are under way or have been completed during the year.

The provisional determination of the color-indices of the short-period

Cepheid variables in Messier 3 indicates that in spectral type and
variation of color they are closely similar to the isolated ''cluster-type"

variables. The similar change of color with light variation is under

detailed consideration for XZ Cygni, period 11 hoiu-s, and a mean
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color-curve, based on several hundred observations, will be completed

within a few months. The importance of the studj^ of such color-

changes lies in the fact that a conspicuous variation in the spectral

tj-^pe has been found to be the underlying cause, and an analysis of

these changes promises to throw further light on the nature of Cepheid

variation. Some new variables, probably of the Cepheid type, have

been found in the globular cluster Messier 9.

The period of the well-known eclipsing star U Cephei has been

studied upon the basis of more than 20,000 photometric measures

by Wendell, Chandler, and others. An interval of 33 j^ears is covered

by the observations, and throughout nearly half of this time the

detennination of variations in the period has a probable error of less

than half a minute of tone. The high accuracy permits the conclusions

that a linear formula for the light elements is no longer applicable and

that comphcated variations in the elements exist. Orbits have been

computed for the eclipsing binaries Y Camelopardalis and TT Lyrae,

and revisions of several other orbits have been made. The determina-

tion of photographic and photovisual light curves for TW Andromedae

is nearl}?^ complete.

STELLAR SPECTROSCOPY.

The stellar spectroscopic work during the year has been continued

by Mr. Adams along two distinct lines. The first consists of radial-

velocity observations of lists of stars selected with certain definite

problems of stellar motion in mind. The second consists in the

development of the method of stellar classification and the derivation

of relationships between spectral characteristics and the intrinsic

brightness of stars. It is evident that a satisfactory method of deter-

mining absolute stellar magnitudes would, apart from other considera-

tions, be of great importance in its bearing on radial-velocity observa-

tions, since it would at once provide the means for discussing the

relationship between the motions and the probable masses of stars.

A large part of the observational work has been based on two lists

of stars. The first consists of about 160 stars of visual magnitudes 7.5

to 9.0 with small proper motions; this is now about two-thirds com-

pleted. The second list is made up of the fainter stars with measured

parallaxes. For many of these a camera of 18.3 cm. focal length has

been employed, the radial velocity results obtained from these small-

scale photographs showing a very fair degree of accordance. Numer-

ous observations have been made on stars of known velocity, on bright

stars of large and small proper motion, and on miscellaneous stars,

including some of the fainter variables.

The number of photographs obtained during the year is 650, distrib-

uted as follows:

Small proper-motion stars 249

Parallax and larKC-motion stars -74

M iscellancovis 1 -

'
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The spectrograph has been used without modification during the

year. An important addition, however, is the recent installation of a

new system of temperature control designed by Mr. Babcock. A
series of nickel resistance-coils distributed throughout the prism-box
acts in conjunction with a Wheatstone bridge and galvanometer to con-

trol the main heathig-circuit in the spectrograph case. The temperature
is maintained constant within less than 0°1 C, and the system has

been found to be most reliable and satisfactory in its action.

Radial Velocities.

The measurement and reduction of the photographs of spectra have
given determinations of the radial velocities of 141 stars based on
three or more plates. Numerous other stars are nearly completed.

The number of spectroscopic binaries found is comparatively small,

amounting to only 8. This is due in part to the fact that the stars

observed are mainly of types G, K, and M, among which the propor-

tion of spectroscopic binaries is known to be small, and in part to the

very low dispersion emploj^ed for some of the fainter stars, which pre-

vents the detection of sUght variations.

Among the more interesting results we may refer to the following:

Most of these stars have large proper motions, and
many have measured parallaxes. Two are of excep-

tional interest. The star B.D.+ 18?3423 is of type

estimated as A9 and has a radial velocity of —250
km., which appears to be constant. The star recently

discovered by Barnard near B.D.-f4?3560, with a

proper motion of over 10" annually, has a radial

velocity of —94 km. and is of type Mb. A third star, referred to in

last year's report, is A.Oe. 14318, with a radial velocity of -|-306 km.
A companion distant from it 5' in declination has the same proper

motion, parallax, and velocity, the two stars thus forming a system
which moves in space at the rate of 580 km. per second.

A spectroscopic binary of exceptional interest is the eighth-magnitude

star distant 80" from Castor. The first photograph of the spectrum
of this star showed double lines with a separation indicating a relative

velocity of about 220 km. The spectrum is Md with bright hj^drogen

lines.

Classification of Stellar Spectra.

The method of classification of spectra based on the relative intensi-

ties of certain Unes which was developed by Mr. Kohlschiitter has been

employed in determining the types of the stars photographed during the

year. The introduction of a few modifications into the method and a

revision of the scale of intensities used in the estimates now render it

possible for an experienced observer to make determinations of spectral

type with, a probable error of less than 0.1 division of the Harvard

No. of
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system. Tliis method of clnssification has been of great value in its

bearing on discussions of radial velocity and investigations connected

with stellar magnitudes. All of the available spectra of stars with

types between F and M have now been classified in accordance with this

system.

Spectkal Determinations of Stellar Parallax,

It is well known that if the intrinsic brightness or the absolute magni-

tude of a star can be determined, its parallax may readily be derived

by means of the relationship connecting apparent magnitude with

distance and absolute magnitude. An investigation by Mr. Kohlschiit-

ter about two years ago showed clearly that certain Unes in the spectra

of the stars of the more advanced types vary in intensity with the

intrinsic brightness of the stars in which they appear. The possibility

of applying these results to the determination of absolute magnitudes

was considered at that time.

The rapid accumulation of stellar-spectrum photographs, particu-

larly for stars with measured parallaxes, has made it possible during

the past year to investigate this question more thoroughly. A con-

siderable number of stars of different spectral types was selected for

which reliable parallax measures were available, and their absolute

magnitudes were calculated with the aid of these values. The spectra

of these stars were then investigated, and estimates were made of the

intensities of the lines which appeared to be subject to variation with

absolute magnitude. These estimates were then plotted, and equa-

tions were derived by means of least-squares solutions giving the

relationship between hne intensity and absolute magnitude. These

equations may be used to detennine the absolute magnitude of a

star when the intensities of the selected lines are known. From the

absolute magnitude the parallax is readily calculated.

An application of these results to 124 stars of measured parallax may
be summarized as follows:

1. The average deviation of the spectroscopic parallaxes from the

measured values is 0''025.

2. The only discrepancy exceeding OTl is in the case of a star with a

parallax measured by a single observer.

3. The average value found for 25 stars with negative measured

parallaxes is +0''03, the largest value being -}-0''08. The spectro-

scopic method gives no negative parallaxes.

4. The spectroscopic method appears to give its most accurate

results for stars of types K and M. It is of httle value for stars with

types earUer than F5.

5. An increase in the number of measured parallaxes for very

luminous stars should add materially to the accuracy of the spectro-

scopic method.
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An application has been made of the spectroscopic method of

deriving parallaxes to the question of the existence of two classes of

M and later K-type stars. The investigations of Russell and Hertz-

sprung, based on measured parallaxes, have pointed to the conclusion

that such stars are divided into two groups, one of very small and the

other of very large magnitude, with an entire absence of intermediate

values. In view of the small number of measured parallaxes available,

it has been thought possible that this result might be due to the lack of

data for the intermediate stars. The spectroscopic evidence, how-
ever, based on a larger number of stars, confirms the existence of the

two groups, separated by an interval of about 7 magnitudes within

which no stars have been found.

A remarkable feature of the high-luminosity or giant stars, as

they have been termed, of the M type of spectrum is the abnormal
intensity of the hydrogen Unes. In stars Uke a Orionis and Antares

these are of an intensity comparable with that in the sun, while in the

low-luminosit}'^ stars of the same type they are scarcely visible. Other
marked differences have been found between the spectra of the two
groups, particularly in the relative behavior of the enhanced and the

low temperature lines of various elements. It seems probable that quite

different stages of stellar evolution are represented in these two groups.

The Intensity of the Continuous Spectrum in Large and Small Proper-Motion Stars.

A comparison of the spectra of stars of the same type of spectrum
but of widely different proper motions, made about three years ago,

showed that the large proper-motion stars have a relatively much more
intense continuous spectrum in the more refrangible region. This

effect was found to vary with spectral type, being nearly or wholly

absent in the A-type stars, and increasing progressively through the

F, G, and K types. A continuation of the investigation by Mr.
Monk, with the aid of a large amount of additional spectroscopic

material, gives results in harmony with those found previously. It has

also been possible to derive a relationship between absolute magnitude
and the intensity of the continuous spectrum by the aid of magnitude
determinations made in the way already described.

The Spectra of Cepheid Variables.

A well-known characteristic of the Cepheid type of light variation is

the excess of photographic over visual range in brightness. Periodic

changes in the mean color of the radiating surface are thus indicated,

and it is a natural inference that periodic changes in the spectrum must
also occur. Observations by Mr. Pease in 1914 estabhshed the nature

of the change for one of these variables, RS Bootis, and indicated its

probable character for the whole class of Cepheids. An actual change

of type was found to take place, ranging from B9 at maximum to FO at

minimum.
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The adaptation of the 10-inch photographic triplet for use with an

objective prism has rendered possible a systematic investigation by Mr.

Shapley of all the brighter Cepheids. The spectrum of every Cepheid

variable investigated, whatever its period or apparent magnitude,

undergoes a periodic variation in spectral type synchronously with the

change in light, similar to that observed for RS Bootis. At and near

the time of maximum light the spectrum reaches its bluest stage; at the

minimum it is reddest. On the average the change is nearly a spectrum

interval, and appears to include successive stages which are almost if

not actually identical with known types of spectra. This apparently

general characteristic of Cepheid variables supports the hypothesis that

the immediate cause of their light variation is to be found in periodic

disturbances in their atmospheres. Further, the phenomenon of con-

spicuous and rapid variation of spectral type probably has considerable

significance in the more general problems of the physical evolution of

stars. In the furtherance of this investigation more than 300 spectro-

grams of Cepheids have been made. For 18 stars the spectra were found

to be distinctly variable, and in no case has the spectrum of a Cepheid

remained constant when its light changes.

For a further study of the differences in the spectra at maximum
and minimum hght, high-dispersion spectrograms of 5 Cephei were

made by Mr. Adams and Mr. 8hapley with the 60-inch telescope. In

addition to the change in spectral class, these yielded other evidence

that the temperature of the gases constituting the star's absorbing

envelope is higher at maximum than at minimum. At maximum the

high-temperature lines, such as those of Fe, Ti, Sr, and Cr, are very

strong and the low-temperature lines weak; while at minimum the

reverse is the case. The radial velocity was determined both from the

Fe lines showing large pressure displacements in laboratory experiments

and from those showing small displacements. The difference is such

as to indicate that the pressure at the radiating surface of the star is

less than one atmosphere, and both in sign and amount is in good agree-

ment with the pressure shifts shown by the solar lines.

NEBULAK SPECTROSCOPY.

Photographs of the spectra of several spiral nebula? have been made
with the small spectrograph at the primary focus of the 60-inch

reflector. The most important of these is an 80-hour exposure upon

N. G. C. 4594, with the slit along the axis of the spindle. A long sUt

was used and, with the aid of a silvered glass plate ruled at regular inter-

vals, comparison spectra were photographed at intervals of 1 nun.

on the plate. The spectrum represents approximately the central half

of the nebula and is of type G5. Measurements were made on the

successive spectral strips to a distance of about 2' on either side of the

nucleus. The results may be summarized as follows

:
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1. The radial velocity of the nucleus is +1,180 km. per second, a result

in good agreement with Slipher's value of +1,100 km.
2. Within the limits of error of measurement, the linear rotational

velocity varies uniformly with the distance from the nucleus. A
least-squares solution gives an equation of the form ?/= —2.78 a:+ 1,180,

in which y is expressed in kilometers and x in seconds of arc. Thus at a

distance of 120" from the nucleus the rotational velocity amounts to

nearly 335 km.
3. This velocity may be interpreted as representing the motion of a

body rotating as a soUd, or as movement along the arms of the spiral

convolutions. It is opposed to the hypothesis of orbital motion of the

matter producing the spectrum about a central nucleus.

4. The prominent dark streak parallel to the major axis of the spindle

may be composed of cool material at the periphery of the nebula which
absorbs or scatters the Ught. It is perhaps associated with the rapid

movement of rotation or translation along the arms of the spiral.

5. The assumption that the observed radial motions for N. G. C. 4594
are of the same order as the measured angular displacements of

M 101 leads to a parallax of about 0''0002 for the former, which is

similar to the average value obtained by Curtis from a discussion of

proper motions.

Two photographs have been made of different portions of the spiral

nebula M 33 at the Cassegrain focus of the 60-inch reflector. The first

of these was on the bright knot 10' distant from the nucleus; the second

was on the nucleus itself. The condensation gives a spectrum consisting

of bright lines, and the measurement of the three lines H7, H/S, and
X5007 yields a radial velocity of —278 km. The spectrum of the

nucleus, on the other hand, is continuous with absorption lines of type

A, and this type extends outward to a distance of at least 1' on
either side of the nucleus. The linear scale of the spectrum in this

photograph is extremely small and measurements are difficult. The
value of the radial velocity as obtained by two observers is of the order

of -70 km.
PROFESSOR KAPTEYN'S INVESTIGATIONS.

Professor Kapteyn, who on account of European conditions has been

unable to come to the Observatory during the year, has devoted his

time mainly to two questions:

1. The first is a continuation of the investigation of the relation

between the proper motions and radial velocities of stars of the spec-

tral classes F, G, K, and M (see Report for 1915). Professor Kapteyn
has found the exceedingly interesting result that the motion of the

First Star-Stream is accelerated. As this would be the first directly

observed evidence of the action of forces in the general stellar system,

it has been deemed necessary to collect, not only for F, G, K, and M
stars, but also for types B and A, all available data for both proper
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motions and radial velocities of the stars of both the First and Second

Streams. This more extensive investigation has brought to hght con-

tradictions which have not yet been removed, so that the acceleration

of the First Stream can not yet be considered as a well established fact.

In the meantime, the work thus far done proves the continuity of

the series of the B and A and the second-tjnpe stars. Hitherto, the

B stars have seemed to occupy a place by themselves, inasmuch as they

apparently formed but a single stream, coinciding neither in direction

nor in velocity with either of the two main star-streams. In the

Reports for 1911 and 1912 it was stated that some B stars at least must

be regarded as members of the Second Stream. It is now found that

the remainder—the overwhelming majority—belong to the First

Stream. The continuity of the results for the B and A and the second-

type stars appears as soon as the stars are arranged (roughly) in order

of distance.

2. The second undertaking has been the completion of the investi-

gation of the individual parallaxes of the B stars between galactic

longitudes 150° and 216° and galactic latitudes -30° and +30° (see

Report for 1914). This study has now been finished and can be in the

printer's hands in a few weeks. It has resulted in a fairly good deter-

mination of the distances of 166 of the 168 Boss stars of spectrum B in

this region. The stars in a part of the region—that round the Great

Nebula (and probably belonging to the same system)—form a local

group for which the parallax could not be detemiined in the same way
as for the others. Nevertheless a fairly satisfactory result was found

by a somewhat indirect method.

The paper will contain separate luminosity curves for the stars of

spectrum BO, B3, B5, BO to B2, BO to B3, Bl to B2, BO to Bo, B5 to B9,

B8 to B9, and AO to A9.

The measurement of the Mount Wilson photographs of the Selected

Areas (exposure I'') has been completed in the Groningen Laboratory.

The reduction of the positions is practically finished. The reduction

of the magnitudes will be taken in hand as soon as the standard

magnitudes, now being determined at Mount Wilson, are complete.

PHYSICAL LABORATORY.

INSTRUMENTS.

An auxiliary concave-grating spectrograph constructed for use with

the interferometer has proved highly efficient. The grating is of 21 feet

radius of curvature and has 87,500 lines, spaced 15,000 to the inch.

It is furnished with a collimated beam of Hght from an 8-inch silver-

on-glass mirror of 21 feet radius of curvature, thus making a compact

instrument free from astigmatism. The mounting is supported upon

three cement piers set upon the laboratory floor, the principal parts

being connected by heavy channel irons. The pier carrying the slit and
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the grating supports also the interferometer and the mirrors required to

project the interference pattern upon the sht. The whole apparatus is

effectively protected by a cover of wood and building paper. For pro-

jecting light upon the interferometer, a concave mirror of 8 inches

diameter and 2 feet focal length has been provided, thus making an
entirely achromatic system. This mirror and the one of longer focus

referred to above were constructed in the optical shop by Mr. Kinney.

The camera accommodates plates 2.5 by 12 inches. Curvature of the

field reduces the effective aperture to 8 inches in the center for flat

plates, but this permits a range of 1000 a to be photographed at one

exposure in the first order, in which the scale is very nearly 5 a per

millimeter. For wave-lengths less than X 4000 the second order is

generally used, on account of the increased dispersion. Wave-length

X 9000 can be reached in the first order.

The vacuum arc has been modified and is now in use for producing

the primary standard of wave-length—the red cadmium line. It

may readily be used for an iron arc when desired.

An adapter for a measuring machine has been constructed, by means
of which two rectangular coordinates may be measured without dis-

turbing the photographic plate. For the reduction of interferometer

plates covering a wide range of spectrum, this saves the continual dis-

placement and readjustment of the plate which is otherwise necessary,

and also facilitates the identification of the lines. Two more of these

attachments are now under construction in the instrument shop.

A small ccelostat has been built for conveniently supplying a beam of

sunlight for laboratory purposes.

Our stock of interference apparatus has been increased by the addi-

tion of an invar etalon of 15 mm. length, adjusted to about one-tenth of

a wave-length.

Pole pieces of ferro-cobalt have been provided for the large magnet.

For the excitation and air gap cominonly used, they increase the field-

strength about 4 per cent.

A rotary high-vacuum oil-pump has been purchased and installed for

the study of the Stark effect.

ELECTRIC-FURNACE SPECTRA.

Mr. King's experimental work with the electric furnace has dealt

with the following problems:

Variation of Metallic Spectra with Temperature.

The furnace spectra of calcium, strontium, barium, and magnesium
have been studied by the method already employed for several other

elements, the spectra given by furnace temperatures ranging from
1650° to 2500° C. being photographed for the range X 2600 to X 7200.

Approximately 500 lines are included in this range for the four elements.
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The photographs furnish material for the usual classification of lines

according to the temperatures at which they appear and their rate of

increase in intensity with rise of temperature. Certain lines are thus

picked out which are useful as temperature indicators in the spectra

of other sources, lines which are strong at the lowest furnace tem-

peratures being of special interest. The fact that a considerable pro-

portion of the hnes in these spectra are known to be connected by
series relations gives an opportunity to note the behavior of such lines

at various temperatures. While the members of the same are afTected

similarly, large dilTerences are found between separate series. The
members of a triplet series of calcium were tested for a change of rela-

tive intensity with wave-length at difTerent temperatures. As the tem-

perature rose, the violet members of the series were strengthened to

a greater degree than those of longer wave-length. This agrees with

furnace observations of the principal series of caesium and indicates a

shift of the maximum with change of temperature similar to that shown
by the spectrum of an incandescent solid. The close resemblance

in structure between the spectra of calcium, strontium, and barium

permits a comparison of the homologous lines of the three elements.

Such lines are found to be afTected in the sameway in the furnace spectra.

Study of Bandkd Spectra.

The fluted spectra occurring in sun-spots wliich are ascribed to tita-

nium oxide, magnesium hydride, and calcium hydride have been studied

to observe the effect of oxygen and hydrogen in producing these bands

in the furnace. The results showed clearly that the first-named

spectrum is due to titanium oxide, the strength of the bands being con-

trolled by the volume of oxygen which was passed directly into the

furnace-tube. A sufficient supply of oxygen resulted in a complete

suppression of the line spectrum, thus indicating that titanium, when
fully changed to the oxide, gives the band spectrum alone. The violet

members of the series of titanium oxide bands were found to become
relatively stronger as the temperature rose, as in the case of series in hne

spectra. The use of hydrogen in the furnace with magnesium and with

calcium strengthened the bands in each case, though apparently not in

proportion to the supply of the gas, a small quantity of hydrogen,

together with low temperature, proving veiy effective in producing the

bands.
Sl'ECTllA OF THK " FuRNACE-FlAME."

Passing a stream of oxygen through the highly heated furnace-tube

affords a means of producing through a wide range of temperature

those effects usually obtained in flames by the ignition of various

gases in the presence of oxygen. In addition to the results for tita-

nium which have been noted, an investigation of the iron spectrum is

in progi'ess. The preliminary results indicate that the method will
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be useful chiefly in the production of oxide band spectra, the relative

intensity of Unes in the ''furnace-flame" apparently being much the

same as in the vacuum furnace at the same temperature.

Anomalous Dispersion.

The electric furnace was adapted to the production of anomalous-

dispersion effects by cutting away the upper portion of the tube, so that

when a metal was vaporized in the trough thus formed the density

gradient was equivalent to a vapor prism. Light passing through the

vapor to the spectrograph gave, on each side of those absorption lines

capable of showing anomalous dispersion, the familiar curved spectrum.

The steadiness of the source made the use of high dispersion possible.

Observations by this method were made for lines of sodium, iron, cal-

cium, and chromium. The magnitude of the phenomenon was clearly

related to the tendency of the line to reverse, and it was found that

a certain temperature of the absorbing vapor is required to give the

most effective prism for a given type of line. Particular attention

was paid to the chromium hues XX 4254, 4275, 4290, which show
very strong anomalous dispersion. Sharp absorption lines of tita-

nium and calcium occur close to members of this group, and tests

of lines, so situated, were made for the mutual repulsion predicted

by the theory of Julius. No evidence of such an effect was found,

though it was sought by means of narrow lines of titanium and calcium

only 0.2 to 0.6 a from strong chromium lines. The same lines were

examined for a change of wave-length possibly affecting close pairs

from mixed vapors when one of the lines shows strong anomalous dis-

persion. The wave-lengths were found constant to 0.001 A, whether

the line of strong anomalous dispersion was present or not.

Structure of X 6708 of Lithium and its Presence in Sun-Spot Spectra.

An examination of the line X 6708 was made under high dispersion

with the object of determining whether it is sometimes produced by
calcium or whether it is in all cases the well-known red line of lithium,

and also for the purpose of comparing its wave-length with that of a

prominent sun-spot line. The observations led to the conclusion that

the line is always due to lithium and that its structure differs according

to the condition of the source, being apparently governed by the

amount of the material present. Two distinct sets of components may
be produced in either arc or furnace, or simultaneously in different parts

of the arc; but an excess of vapor gives a reversed line without structure.

The wave-lengths of the components were measured and their mean
value was found to agree within 0.01 A with that of the somewhat
diffuse sun-spot line, thus making it fairly certain that lithium is

present in the sun. X 6708, a low-temperature furnace line, does not

appear in the solar spectrum, but is apparently brought out in the

spot spectrum by reason of the reduced temperature of sun-spots.
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THE PRODUCTION OF CATIIODO-LITMINESCENT SPECTRA.

Experiments were begun by Mr. King, and are now in progress with

the cooperation of Miss Carter, in which radiation is produced by the

bombardment by a stream of cathode particles of a vapor away from

the path of the current, the object being to obtain metalhc spectra

by electrical excitation alone. The preliminary experiments with

calcium vapor have given promising results, the hnes H, K, and X 4227

having been photographed, and a much richer spectrum observed

visually. It is hoped to extend the method to the production of other

metallic spectra.

THE ZEEMAN EFFECT.

Mr. Babcock has taken about 40 photographs of the Zeeman effect

for Fe, Cr, V, and Ti. The plates have yielded separations of the

components of 2,388 lines, most of which occur at least twice, however,

so that the number of new lines available is very much less than this.

All the values of the separations have been reduced to a standard field

and tabulated in order of wave-length for each element. The dis-

cussion of all the material thus accmnulated has had to be deferred,

but it is planned to use it for a further examination of the correspond-

ence between the Zeeman effect and other agencies known to affect the

wave-length of spectrum lines.

STANDARDS OF WAVE-LENGTH.

A few plates have been taken by Mr. Babcock with the interferometer

in connection wdth the 13-foot Littrow spectrograph for the determina-

tion of wave-lengths of carbon and calcium lines in terms of the iron

secondaries. The values obtained are in excellent agreement with

those made by means of the grating.

Of the 32 photographs with the new interferometer apparatus now
availal)le, a few have no measurable exposures on the red cadmium line,

but about one-half have been measured and reduced. The 5, 7.5,

10, and 15 mm. etalons have been used, the first for a majority

of the plates. In the region XX 4100-5050 about 150 iron lines have

been measured in terms of the red cadmium line, but the final

wave-lengths await the evaluation of small corrections still to be

applied. The method finally adopted for the reduction of the plates

involves the measurement of the linear diameters of five rings for each

line and the calculation of the fractional order of interference by a

simple least-squares solution of the observational equations, which

is carried out very rapidly. The uncertainty in a single detennination

of the order of interference found in this way for good lines is about one

part in four or five millions, /. c, about 0.001 A in the wave-length.

The method entirely avoids the measurement of focal lengths of lenses

or mirrors.
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Besides the redetermination of secondary standards and the addition

of new Unes to the Hst of secondaries, work in progress includes a com-
parison of wave-lengths of selected hnes taken from the 220-volt arc

recommended by the International Conmiittee with those taken from
the Pfund arc at 110 volts and also from an arc having one terminal

of carbon. Our program includes the evaluation of wave-lengths ob-

tained from the iron arc in vacuo, both by direct comparison with the

red cadmium line and by reference to the spectrum of the arc under
normal pressure. The iron hnes from the vacuum arc are extremely
sharp and large numbers of them can easily be obtained with intensity

sufficient to serve as secondary standards.

COMPUTING DIVISION.

The Computing Division has remained throughout the year under
the direction of Mr. Seares.

For some weeks Miss Brayton was engaged with the reductions of a
group of 34 photometric plates for the Selected Areas, but latterly

has been occupied exclusively with the work in stellar spectroscopy.

She has measured and completely reduced 391 spectrograms and has

done miscellaneous checking and work on the preparation of reduction

tables for spectrograms.

Miss Carolyn Burns has continued her work in stellar photometry.

76 Selected Area plates have been measured and reduced, and miscel-

laneous reductions relating to other plates have been finished.

Miss Margherita Burns joined the Division on January 1 and has

devoted her time to the work of the physical laboratory. The screws

of three measuring machines have been tested, measures and reductions

relating to 17 Zeeman plates have been made, and much miscellaneous

work connected with the interferometer observations by Mr. Babcock
has been done.

Miss Burwell still gives the greater part of her time to the study of

stellar spectrograms, 470 plates having been measured during the year.

An extended series of estimates of line-intensity for the determination

of spectral type and absolute magnitude has also been made.
Miss Davis has spent half of the time upon the photometric investiga-

tions of Mr. Shapley. She has measured about 125 photographs of

variables and clusters and has reduced 40 others, besides plotting

extended series of observations on several of the cluster-type variables.

Her remaining time has been given to the parallax and proper motion
work of Mr. van Maanen. Least-squares solutions were affected for

15 parallax fields and assistance was given in the reductions for deter-

mining the internal motions of M 81 and M 101.

Mrs. Fretter continued to assist with the work of the physical

laboratory until the date of her resignation on January 1.
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Miss JojTier has given all her time to stellar photometry; 113 scale

plates for the Selected .\reas have been measured and reduced and
measures and partial reductions were made for 45 photographs for star

colors.

Miss McClees has measured and reduced 8 photographs of sun-spot

spectra and 20 photometric plates of Selected Areas. The greater part

of her time has been devoted to miscellaneous computing.

Miss Miller has assisted with the solar investigations of Mr. St. John.

She has measured 20 sun-arc plates and detennined the wave-lengths

on 10 separate photographs of solar and arc spectra for comparison

with the results from the sun-arc plates. She has also measured several

plates for the Einstein effect and 14 plates for the separation of close

pairs of lines.

Mrs. Monk continued with the work in stellar spectroscopy up to

the date of her resignation on June 1 ; 600 spectrograms were mea-

sured and the greater part of them reduced. Reductions to the sun

and star constants were calculated, the screw of one measuring machine

was investigated for periodic error, and four test plates for the figure of

the 100-inch mirror were measured.

As in the past, Miss Richmond has given her time mainly to stellar

photometry; 119 Selected Area photographs were measured and

reduced in addition to 45 plates which were measured for star colors.

Test plates for the 100-inch mirror and spot-spectrum photographs

were also measured.

Miss Shumway has continued to serve as recorder and computer in

connection with the stellar spectroscopic work.

Miss Stone joined the Division on June 1 to fill the vacancy caused

by the resignation of Mrs. Monk.
Miss Ware has given much time to the measurement of the sun-arc

photographs and the separate plates of sun and arc spectra taken for

the investigation of the influence of anomalous dispersion. She has also

measured the separation of close pairs of lines on a long series of plates

fonning a part of the investigation of the systematic errors affecting

measures of this kind. A few solar-rotation plates have been measured

and a number of microphotometer curves have been registered.

Miss Winn joined the Division on August 1 to fill the vacancy caused

by the resignation of Miss McClees.

Miss Wolfe has continued the reductions relating to the sun's general

magnetic field. Results for 21 additional days, involving 63 least-

squares solutions, are now available. A preliminary least-squares

reduction for rotation period and inclination of the magnetic axis

has also been completed. Miss Wolfe has also done much miscellane-

ous computing, a good deal of photogra])hic work, including prints of

solar photographs and charts of Selected Areas, and for six months

served as librarian.
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Several members of the Division, notably Miss Carolyn Burns,

Miss Davis, and Miss Richmond, have assisted with checkingand proof-

reading.

Mrs. Longacre also assisted with the editorial work and remained
in charge of the library until January. Her resignation took effect on
March 1, and Miss Connor was appointed to fill the vacancy on July 15.

The accessions of bound volumes number 365; 205 by purchase, 138 by
binding, and 22 by gift. The total number of volumes is now 4,256.

CONSTRUCTION DIVISION.

DRAFTING AND DESIGN.

Mr. Pease has continued in charge of drafting and design, and has
paid much attention to the erection of the 100-inch mounting and
the inspection of parts made in outside shops. Mr. Nichols has acted

as chief draftsman since the first of January. About half of the year

has been spent on 100-inch telescope drawings and the remainder on
other work.

Among the 100-inch telescope drawings completed are those of the

jib crane, shutter mechanism, observing platform wind-screen, optical

system for reading circles from main operating desk, right-ascension

direct setting circle, and temperature control for the mirror. Draw-
ings for other instruments include

:

Camera for 10-inch portrait lens, with double-slide plate-holder

(14 by 17 inches) and numerous other attachments.
Alterations in the Snow telescope, including new spectrograph pit,

coelostat and concave-mirror slow motions, and 30-foot spec-

trograph with all its attachments.
Short-focus camera for Cassegrain focus of 60-inch telescope.

Adapter for registering photometer on 6-inch refractor.

Additions to measuring machines.
Concave-grating spectrograph of 3.5 m. focus.

Many drawings have also been made for charts and illustrations.

WORK OF THE OPTICAL SHOP.

The work of parabolizing the 100-inch mirror has been brought by
Mr. Ritchey to successful completion. For many months, as the

figure was gradually brought nearer to a true paraboloid, daily optical

tests were made both at the center of curvature and at the primary
focus. The focal tests involved the use of the 60-inch plane mirror

which was made here for this purpose, and the close agreement and
consistency of the daily results secured by the two methods gave
much satisfaction and confidence in the outcome.

In general, the tests at the center of curvature were found to be most
useful in determining the total amount of parabolization. In these,

successive zones of the surface are examined, one after another, from
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the edge to the center, and the radius of ciir\'ature of each is determined

by tlie knife-edge test and compared with the theoretical value. Under
the best conditions of air in the testing-room it is possible to determine

the radius of curvature of a zone within 0.001 inch (0.025 mm.).
The tests made at the focus of the paraboloid in combination -v^ith the

()0-inch plane mirror are invaluable for detecting and correcting slight

zonal errors of surface. In this test any 60-inch circular area of the

100-inch surface can be seen at onetime, and the aim of the figuring is to

eliminate all high or low zones shown in relief and to bring the whole

100-inch surface to such a condition that all parts, as seen during the

test, appear perfectly flat. By a combination of both tests, especially

in the last critical stages of figuring, we attain a degree of certainty,

and consequently a degree of accuracy of surface, which can not be

obtained by either test alone.

After the figuring of the mirror had been completed, a photographic

test by the Hartmann method was undertaken, both to check the visual

tests and to provide a permanent record of the surface. For this

purpose a large diaphragm was constructed with openings 2 inches in

diameter along axes making an angle of 45° with one another. The
photographs were taken in pairs on either side of the center of curva-

ture of the central zone of the mirror. Since the light source was
stationary, the differences in the measured radii of curvature for the

several zones are twice as great as in the \isual test, in which the light

source is moved for each zone.

The results of the measurement of three pairs of photographs are

given in the accompanying table:

Radius <}(
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The focal length of the 100-inch rairror is approximately 507.5
inches (12.88 m.), the clear aperture being very nearly 101 inches

(2.57 m.). The depth of the curve is about 1.25 inches (31.8 mm.)
at the center; the thickness of the finished glass is 12.75 inches (323.8

mm.) at the edge. At the center, where the difference is greatest, the
depth of the finished paraboloid differs from that of the nearest spheri-

cal surface (to which the glass was brought in preparation for para-
bolizing) by abiiost exactly 0.001 inch (0.025 mm.). The weight of

the finished glass is very nearly 9,000 pounds (4,082 kg.).

The work of parabolizing was done almost entirely with the large

polishing machine and by the use of two pohshing or figuring tools of

90° sector form, one of 850, the other of 415 square inches area (the

area of the 101-inch glass surface is about 8,012 square inches) ; at least

95 per cent of the work was done with the larger tool.

A system of progressive positions or settings of the tool, and of pro-

gressive strokes also, was used, similar to that devised while figuring

the 60-inch mirror. The system was greatly elaborated in this case,

however, and was used from the beginning of the parabolizing, so that

a great amount of experience was acquired before the work reached the
final and critical stage. This method made it possible to keep the
curve smooth at all stages of the work; in other words, it enabled the
opticians, from the beginning of parabolizing, and in each successive

day's figuring, to keep the percentage of the change of radius of curva-

ture, as compared with the total theoretical change, very nearly correct

for each zone. As a result it was possible to bring the parabolizing

almost to completion by the use of the machine and the large figuring-

tools alone. Less than 20 hours' work with small figuring-tools used by
hand was required at the very last stage to soften down several slight

protuberant zones which were too narrow for treatment with the

machine.

Silvering the large mirror was accomplished without difficulty.

The large polishing machine was utihzed, as it permits rocking the
mirror for the various operations of silvering, and also tipping the mirror
for pouring off the solutions, both operations being accomplished by
the motor-driven mechanism. The work required 32 ounces of silver

nitrate; about 150 gallons of distilled water were used in the entire

process; 35 gallons of distilled water were required to fill the concavity,

and to this 9 gallons of dilute silver solution and 9 gallons of dilute

reducing solution were added. The time required for the deposition

of the silver was 15 minutes. Burnishing of the silver film was done
with the large pohshing machine and a cushioned burnishing tool 34
inches in diameter, covered with six selected chamois-skins.

In addition to the work on the large mirror, much has been done on
the two convex mirrors for the same telescope, and on the apparatus,
both mechanical and optical, for testing these mirrors daily, in com-
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bination with the finished 100-inch paruboloid and the 60-inch plane

mirror while they are being hyperbolized. One of these mirrors is

28.75 inches (730 mm.) in diameter and over 6.5 inches (165 mm.)

thick. It has a radius of curvature of 346.7 inches (8.81 m.), and gives,

with the 100-inch mirror, an equivalent focal length of 1,607 inches

(40.8 m.). The other convex mirror is 25 inches (635 mm.) in diameter

and 5.5 inches (140 imn.) thick, with a radius of curvature of 274.9

inches (6.98 m.) and gives, with the 100-inch mirror, an equivalent

focal length of 3,011 inches (76.5 m.). The convex mirrors are now
fully polished, each to the nearest spherical surface, and are ready for

hyperbolizing.

WORK OF THE INSTRUMENT SHOP.

The instrument shop (Air. Jacomini, chief instrument maker; Mr.

Ayers, foreman) has been very busy thi'oughout the year. The ruling-

machine has absorbed most of Mr. Jacomini's time in the extensive

work of final adjustment and testing and the correction of difficulties

encountered with the ruby-steel end-thrust bearing. We hope to over-

come these by Hghtening the grating-carriage and by refiguring the

ruby and improving its mounting. The first grating completed contains

95,000 lines, covering an area of 127 by 160 mm. A careful visual and

photographic test of this grating, made by Mr. Babcock, shows that its

resolving power is high, though some ghosts are present. The syste-

matic use of the machine should soon be followed by still better results.

The numerous parts of the 100-inch telescope mounting have

occupied more than half the time of the instrument shop, but other

important additions to the equipment have been made. These include

parts or attachments for the 10-inch photographic refractor, 60-inch

reflector. Snow telescope, 75-foot spectrograph, 30-foot spectrographs

of the 60-foot tower and Snow telescopes, 13-foot spectroheliograph,

auxiliary concave-grating spectrograph for laboratory, focal-plane and

Cassegrain spectrographs and 8 by 10 plate-carrier for 60-inch reflector,

measuring-machines, apparatus for optical work on the 100-inch mirror,

apparatus for Stark and Zeeman effects, auto truck and instrument

repairs, and miscellaneous work of various kinds.

ONE-HUNDRED-INCH TELESCOPE.

In view of the conditions prevaiUng at the Fore River works, it

seemed undesirable to provide for a complete assembly of the 100-inch

telescope mounting in the factory yards. The more important por-

tions, however, such as the mercury tanks and floats, the sections of the

polar axis, and the main bearings, were fitted together and tested

individually, after wliich all parts of the mounting were shipped to

Pasadena. The four sections of the tube, being too large for railroad

clearances, were sent by steamship to Los Angeles Harbor. Through

the cooperation of the International Motors Company, a 6|-ton Saurer
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truck was placed at our disposal and the difficult work of transporta-

tion up the mountain road was commenced last autumn. Several of

the larger pieces weigh over 9 tons, but the transportation was carried

out without difficulty and the entire mounting, with the exception of

the tube sections and the mirror cell, was housed within the 100-inch

telescope dome before the opening of the rainy season.

In the Pasadena shop the work on the smaller parts of the mounting
has proceeded rapidly under the direction of Mr. Ayers, and is now so

far advanced that no delay from this cause is to be expected in the

complete erection of the instrument. The shop work has included

the right-ascension and declination slow and fast motions, the coude
mechanism, portions of the insulating cover about the mirror cell, the

declination counterweight system, and many other auxihary attach-

ments.

The 100-inch telescope dome is now fully completed and painted and
the mounting is being erected by Mr. Jones and Mr. Sherburne. The
auxihary features of the dome, including observing-platform, jib crane,

10-ton travehng crane, and wind screen have been installed, and the

two cranes are being utilized in the erection work. The mirror elevator

is partially completed. The electric wiring of the dome and instru-

ment mounting is nearly finished. As 35 electric motors are in-

volved in the motions of the various parts of the telescope and dome,
this has been a task of very considerable difficulty. All of this work of

wiring, as well as the construction of six switch-boards, has been carried

on by Mr. Dowd, engineer in charge of the power-plant.

OTHER CONSTRUCTION WORK ON MOUNT WILSON.

With the transfer of the 5-foot spectroheliograph to the 60-foot

tower and the increasing demands upon the time of this instrument, it

has seemed desirable to adapt the Snow telescope to spectroscopic

work of high precision. ^Vccordingly a pit 35 feet deep has been con-

structed by Mr. Jones at a distance of 60 feet from the concave mirror,

and a vertical spectrograph, of type smiilar to that used in the two
tower telescopes, is being built in the Pasadena shop for work within

this pit. Slow-motion motor controls are being installed on the coelo-

stat and concave mirrors to facilitate guiding during the exposures.

Other construction work on the mountain has included the installa-

tion of a concrete conduit system to carry electric cables between the

power-house and the tower telescopes, 60-inch, and 100-inch domes.

Work has been commenced on a new telephone line to follow the route

of the mountain road. The present line, cheaply built eleven years

ago, follows a route very difficult of access in stormy weather, and it has

been mipossible to maintain uninterrupted service during the winter

months. The portion of the line already installed will obviate some
of the most serious difficulties in this respect.
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All of the more important buildings on the mountain have been

painted during the year, including the Snow telescope building, the

two towers, and the two large domes. General repairs have been

carried on as usual in order to maintain the instruments in a high state

of efficiency.

SUMMARY.

The chief results of the year may be summarized as follows

:

Many dark hydrogen (Ha) floccuU, including "filaments," have

been identified with prominences.

Stereograms of the flocculi, after eliminating certain false effects, are

useful in showing their relative levels.

A new photographic map of the sun-spot spectrum, on a scale of

one centimeter to the angstrom, has been prepared for the region

X 6000 to X 6450.

Observations of the polarization phenomena of Zeeman triplets in

spots near the sun's limb suggest that the fines of force spring from a

level below that of the region encircling the penumbra.

Bipolar sun-spots in the northern or southern hemisphere, irrespec-

tive of latitude, are opposite in polai-ity to the bipolar spots of the cor-

responding hemisphere observed before the recent sun-spot minimum.

The hydrogen vortices associated with sun-spots nevertheless retain

the direction of rotation which they showed before the minimum.
Comparative studies of solar and vacuum-tube spectra hitherto

yield no reliable evidence of the existence of electric fields in sun-spots.

The approximate inclination and period of the sun's magnetic axis,

as deduced from photographs covering 37 days, are as follows

:

P = 31^51 ±0''62 i = 5?2±0?5 1^ = 1914: June 25'^07±0''43

The measurement of the separations of close pairs of fines in the

solar spectrum shows that such determinations are subject to syste-

matic errors. These errors depend upon the intensity of the con-

tinuous spectrum between the lines, the observer tending to make the

separation larger when the intensity between the fines is reduced below

that of the general background. The photographs taken with the

highest resolving power and showing the finest definition give the

smallest values for the separations.

Measurements of close pairs of solar lines show systematic differences

between Rowland's values and those obtained at Mount Wilson, the

latter being the smaller. These differences depend on the amount of

the separations and are largest when the lines are very close to one

another. The Rowland errors cease to be systematic when the

separation is about 0.5 A.

These errors appear to account fully for the apparent effect of

mutual influence among the Fraunhofer lines derived by Albrecht

from a comparison of results in Rowland's table with the International
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wave-length determinations for the hnes of the arc spectrum of iron.

Direct measurements made at Mount Wilson show that for 45 selected

pairs of lines the separation, within the limits of error of measurement, is

identical in the sun and arc spectra.

The sun-arc displacements, as deduced from several hundred lines,

are the same for those with companions as for free-standing lines.

The influence of an electric field (Stark effect) upon the spectrum

of lithium and calcium has been investigated in the laboratory. The
longitudinal components in the case of lithium are clearly polarized,

differing in this respect from those of hydrogen and helium. The
H and K lines of calcium show longitudinal components with a separa-

tion comparable to those for H, He, and Li, but are not polarized.

Negative results with the dispersion employed have been found for

Fe, Ni, Al, Mg, Zn, and Sr.

Direct photographs of Jupiter and Saturn made with the 60-inch

reflector, using color filters transmitting infra-red, yellow, violet, and
ultra-violet light, show marked differences in the distribution of the light

of different colors on these planets. In the case of Jupiter, numerous
differences are found in the appearance of the dark and bright belts,

the former being more prominent in the Ught of longer wave-length.

Photographs of Saturn show remarkable variations of the markings in

light of different colors. A broad dark belt surrounding the planet's

equator is visible in violet and ultra-violet light which is absent in

yellow light, and the same applies to a dark polar cap of considerable

size. Density measurements with a Hartmann microphotometer fully

confirm these results.

The investigation of the probable relationship between Unear motion

and absolute magnitude for stars of several spectral types has been

continued during the year.

The continuity in the series of the B and A, and the second-type

stars, has been established. The great majority of the B stars are

found to belong to the First Stream, which seems to be accelerated.

The determination of the individual parallaxes of the brighter B-type

stars between the limits galactic longitudes 150° and 216° and
galactic latitudes —30° and -f30° has been completed.

Several long-exposure photographs, mainly of spiral nebulae, have been

obtained during the year.

Measurements upon five photographs of Messier 101, representing

intervals of 5, 9, and 15 years, give strong evidence of internal motion.

The results agree in indicating a motion, at a distance of 5' from the

nucleus, of O'f 022 annually in a tangential direction, and of 0':f007 in a

radial direction outward. These results may be explained by a rota-

tional motion, or by movement outward along the arms of the spiral.

If interpreted as a rotation, the period would be about 85,000 years.

Complete parallax determinations have been made for 15 stars.

The mean probable error of a final parallax is =t=0T006.
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With the aid of stars having a common radial velocity, an improved

proper motion of the double cluster h and x Persei has been derived.

The plates for photographic magnitudes in the Selected Areas are

8G per cent complete, and relative magnitudes have been determined

for 70 of the 115 regions. Observations for photovisual magnitudes in

37 of the areas have been begun.

It is found that the ratio of the exposure-times necessary for the blue

and yellow light of a star to produce images of the same size is a

reliable measure of the star's color. The precision is sufficient to reveal

the influence of abnormal luminosity upon color.

Color photographs of certain spiral nebulae show that their central

nuclei are yellow, while the branches are very blue.

A continuation of the investigation of magnitudes and colors in

clusters confirms the presence of giant red stars in the globular clusters

and the neghgible value of light-scattering in the direction of the

Hercules cluster. Catalogues of magnitudes and colors for this cluster

and for Messier 67 have been completed.

The study of magnitude and color changes of variable stars has been

continued, notably for the variables in Messier 3, and for XZ Cygni
and TW Andromeda?. Variations in the elements of U Cephei have
been investigated and the orbits of several eclipsing stars have been

calculated.

The radial velocities of 141 stars have been determined from three or

more spectrum photographs. Five stars show velocities exceeding 100

km.; one with a velocity of —250 km. is of type A9.

The cluster variable XZ Cygni has a motion of about — 150km., with a

moderate variation of velocity. Its spectrum varies from about A2 at

maximum of Hght to A8 at minimum.
The star Boss 46 is a spectroscopic binary of type B3 with double

lines. The maximum relative velocity so far observed is about 400 km.
The H and K lines show little or no variation, but the orbit is still under

investigation. The period appears to be of the order of two days.

The spectrum of Barnard's large proper-motion star is Mb and it

belongs to the dwarf class of M stars, with the spectral characteris-

tics peculiar to this class. Its radial velocity is about —94 km.
An investigation of the spectral relationships between stars of

difi'erent absolute magnitudes has been published, and a method has

been derived for obtaining parallaxes from spectral peculiarities. An
application to 124 stars of measured parallax gives values in satis-

factory agreement with measured results, the average deviation from

the latter being 0''025, with distinctly better agreement for parallaxes

of highest weight. The method apparently may be applied both to

stars of high and low absolute luminositj^, and hence to the determina-

tion of very small parallaxes. It seems to be most accurate in the case

of the K and M-type stars, and least for the F stars.
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An application to the M and later K types gives marked evidence of

the two groups of giant and dwarf stars, no M stars occurring within

an interval of about 7 magnitudes. Further, in the giant stars the

hydrogen and the enhanced hues are relatively strong and the low-

temperature hnes are faint ; in the dwarf stars the reverse is the case.

The continuous spectrum of large and small proper-motion stars

studied with the aid of absolute magnitude determinations confLnns

previous results. The violet region is relatively stronger in the low-

luminosity stars, the relative intensity being nearly proportional to the

absolute magnitude.

The spectrum of the short-period Cepheid RR Lyrse varies between
types B9 and F2 during the 13-hour period of the hght variation. A
detailed study of all existing photometric measures shows oscillations

in the range of variation and in the shape of the light-curve, as well as

complicated changes in the length of the period.

Periodic variations in the spectrum of SCephei are shown by
objective-prism spectra and by high-dispersion slit spectrograms.

The latter also show numerous differences in the spectra between
maximum and minimum of hght which indicate a temperature varia-

tion as well as a probable change of pressure in the star's atmosphere.
Seventeen Cepheid variables have been found from objective-prism

photographs to vary in spectral type with variation in light.

The radial velocity of the nucleus of the spiral nebula N. G. C. 4594
is +1,180 km., a result in good agreement with that obtained by
Slipher.

^Measurements extending to a distance of 120" on either side of the

nucleus show a rotational velocity, or a relative motion along the arms
of the spiral, of 335 km. This motion varies uniformly with the dis-

tance from the nucleus.

A parallax of the order of 0T0002 is obtained for the nebula on the

assumption that the radial motions correspond to the angular displace-

ments observed in Messier 101.

The spectrum of the nucleus of the spiral nebula Messier 33 is con-

tinuous with absorption lines of type A. A condensation at a distance

of 10' from the nucleus shows a bright line spectrum, and a relative

velocity between nucleus and condensation of about 200 km. is indi-

cated by the measurement of the photographs.

From a study of electric-furnace spectra of calcium, strontium,

barium, and magnesium clear evidence has been obtained of a relative

strengthening of the violet members of a series at higher temperatures
in the case of both line and band spectra.

The banded spectra occurring in sun-spots and ascribed to titanium

oxide, magnesium hydride, and calcium hydride have been obtained
with high intensity in the furnace, and the conditions most favorable

for their production have been studied.
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A current of oxygen, passed through the electric-furnace tube, gives

a means of producing flame spectra over a wide range of temperatures,

the maximum temperature probably being higher than that obtained

in the regular flames.

A study of anomalous-dispersion phenomena has been made with

the electric furnace, both with regard to general effects and to the

possible change of wave-length of a line very close to another line which

shows strong anomalous dispersion. These tests and the use of mixed

vapors in the furnace gave no evidence of the predicted repulsion

between close lines.

The complex lithium line X6708 has been photographed with high

dispersion in furnace and arc spectra and its components have been

measured. The close agreement with the wave-length of a prominent

sun-spot line offers evidence of the presence of lithium in the solar

atmosphere.

Preliminary experiments have shown the possibility of bringing

metallic vapors to luminescence by the impact of cathode particles in

high vacuum.
Additional measures of the Zeeman efTect have been made for

2,388 lines in the spectra of Fe, V, Cr, and Ti.

Interferometer determinations of wave-length with respect to the

red cadmium line have been partially completed for loO iron lines in

the region XX 4100-5050.

Tests of the 100-inch mirror, now completed and silvered, show a

maximum error of focal length for any zone of about one part in 92,000

as compared with the theoretical value.

The 100-inch reflector dome has been completed and painted, and

over one-half of the mounting is erected. The observing-platform.

10-ton traveling-crane and cage hoist, shutter mechanism, and jib crane

have been installed, together with a portion of the mirror elevator.

The Snow telescope has been remodeled for use in conjunction with a

vertical spectrograph of 30 feet focal length, for which the pit has been

completed. About 900 feet of concrete conduit for electric wires have

been constructed, a portion of which contains the heavy cables furnish-

ing power to the 100-inch telescope and dome. Many test rulings and a

preliminary grating of very promising quality have been made wath the

ruling engine.



NUTRITION LABORATORY.*

Francis G. Benedict, Director.

The Nutrition Laboratory was founded primarily for the study of

the basic laws of vital activity with special reference to the trans-

formations of matter and energy in the human body. While a large

number of biological problems are studied by making use of animals
and domestic fowl and applying the results to the physiology of man,
in the final use of such data the special physiological conditions obtain-

ing with man should invariably be taken into consideration. This
makes observations directly upon man of the highest value to human
physiology. Most observations on animals may readily be made in

laboratories without extraordinary equipment ; the conditions for some
experiments on man are hkewise easily met by most university

laboratories, but the extended study of many problems in human
physiology, requiring the use of several subjects, can rarely be at-

tempted outside of special research laboratories. Consequently,
laboratories possessing unusual equipment for physiological research

are under a moral obligation to contribute, as far as possible, directly

and primarily to our knowledge of human physiology and to use the
lower animals chiefly in supplementary problems and when the

inherent difficulties in using men as subjects considerably restrict the
lines of inquiry that may profitably be followed.

Data on animals may readily be accumulated bj-^ a laboratory assist-

ant under supervision, l)ut the serious problem of observations on
human individuals necessarily limits definitely the responsibility to the
trained observer. The researches in the Nutrition Laboratory have
graduallj^ developed until finally the Director's responsibihty for its

scientific work is shared equally with Doctors H. M. »Smith, T. M. Car-
penter, and W. R. Miles. Central editorial and computing bureaus
under the charge of Miss A. N. Darhng and Mr. W. H. Lesfie, respec-

tively, aid in the general preparation of material for publication.

This administrative plan insures the completion of problems begun,
avoids the difficulties of non-resident attempts to prepare previously

accumulated material for publication, and provides a systematic

method for both the pubhcation of results and the treatment of

material. This does not imply by any means a similarity of treatment
in detail and the arbitrary rulings of an editorial bureau, as each of the

four responsible investigators assumes full responsibihty not only for

the accumulation of experimental evidence but for the preparation of

his report. On the other hand, central computing and editorial

*S)tiia(ed .it Boston, Massachusetts.
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bureaus do secure uniformity in the general methods of treatment and
tabulation—a factor of prime importance in the consecutive presenta-

tion of correlated researches.

Since the correlation of research is of fundamental consequence,

continuity in the development of thought and line of attack in the

various problems is highly desirable. In perhaps no other way does

the Nutrition Laboratory differ more from the usual university

laboratory than in this general plan. Resident voluntary assistants

and research cooperators of proved merit are, of course, welcome, but

intermittent, temporary workers almost invariably require more ad-

ministrative care than several well-planned and continuous researches

carried out by the regular staff and collaborators. In many university

laboratories the temporary assistant and volunteer worker must be

the main reliance for research M'^ork ; but it is clear from past experience

that, in a research institution like the Nutrition Laboratory, such

work is usually fragmentary, and that any value it may have is by no
means commensurate with either the administrative or editorial time

devoted to it. In a laboratory such as this the backbone of progress is

coordinated, correlated research.

As an example of the desirabiUty of coordination in research we may
cite the alcohol programwhichwas prepared in this laboratory and issued

January 1, 1913. This program was not intended to be the statement

of an experhnental inquiry for the completion of which the Laboratory

is obligated, but was presented with the hope that it would suggest

profitable lines of articulated research in a considerable number of

laboratories and institutions whose facilities and interests particularly

fit them for undertaking the various problems. "While the Nutrition

Laboratory is committed to a continuation of the investigation, and
while definite arrangements have been formulated to make the alcohol

investigations, either on the physiological or on the psychological side, a

substantial part of each year's work, it is inconceivable that any one or a

dozen laboratories can adequately complete this program in a decade.

No major projects in addition to those outlined subsequently in

this report are contemplated. With the present staff but slight modifi-

cations and additions should be needed to carry out, for several years,

well-coordinated series of researches. As the period of organization

and of the development of technique and novel apparatus necessary

for studying the phases of human physiology which this laboratory

emphasizes, namely, bio-energetics, is practically over, the present

administrative problem is so to adjust the research work as to meet the

demands of pure physiology on the one hand and those of pathology on
the other. Since little in the way of precedent was available to assist

materially in studying many points, it is perhaps not surprising that

seven years have been required to adjust the Laboratory to this definite

experimental plan.
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ADDITIONS TO EQUIPMENT.

During the war in Europe it has not been possible to receive scientific

apparatus from Germany; the Nutrition Laboratory, therefore, in

common with numerous other research laboratories, has suffered for the

lack of material purchased before the outbreak of hostihties, but, as yet,

unobtainable. Several important instruments have been secured in

this country, however, and the construction of scientific apparatus by
our Laboratory construction staff has been unusually extensive.

APPARATUS FOR THE PSYCHOLOGICAL LABORATORY.

A string galvanometer with combination resistance and standardizing

outfit, both pieces of apparatus designed by Dr. H. B. Williams, of the

Department of Physiology, Columbia University, also an automatic

Weule arc lamp, have been installed in the psychological laboratory.

This new model of string galvanometer is of great practical advantage

to workers in the United States, particularly at the present time, for

with the imported instruments the breakage of strings and delay

in replacement has been, even in times of peace, most uneconomical.

The Wilhams galvanometer supphes an exact physical instrument,

inasmuch as equal increments of current will give equal increments of

deflection for 8 cm. on either side of the base-line with a magnification of

900 diameters.

An Ives-Cobb visual acuity object has been constructed for us at the

Nela Research Laboratory, supplemented by the necessary apparatus,

and mounted for use as a testing instrument.

A pendulum contact-breaker of the general form devised by Lucas

has been constructed in the Laboratory shop. The present instru-

ment automatically closes the contacts that have been struck open

by the rapidly falling pendulum. The interval between the opening

of the switches is continuously variable and its duration for any

setting is accurately known. The device is used as a stunulus regu-

lator v/hen determining the sensory threshold for electrical stimulation.

RESPIRATION CHAMBERS FOR COLD-BLOODED ANIMALS.

The researches at the New York Zoological Park necessitated the

construction of several respiration chambers of various sizes for

experimentation with cold-blooded anmials. As animals of this class

have an extraordinarily low metabolism, it was necessary to select the

largest ones available for the experiments. Accordingly a chamber was

built of sufficient size to contain a Galapagos tortoise weighing 132 kg.

Subsequently a recessed cover was designed and employed wliich con-

siderably reduced the volume of the chamber and permitted its use for

a 16|-foot Indian python and a 7|-foot aUigator. To minimize the

attention and labor required in these time-consuming experiments

with cold-blooded animals, a valve device was constructed to connect
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two respiration chambers with a single universal respiration apparatus.

It was thus possible to conduct simultaneous experiments with a tor-

toise in one chamber and a Cuban boa in the other, and to secure

accurate observations in 24-hour periods.

CLINICAL RESPIRATION CHAMBER.

As a result of the development of a clinical respiration chamber,

which has been in progress for several years past, a complete apparatus

was installed in the New England Deaconess Hospital. During the

summer a research laboratory was constructed by the authorities of the

hospital in the basement of the building for the use of the Nutrition

Laboratory in respiration researches. The cUnical respiration chamber

is, at the moment of writing, being transferred to this new research

laboratory.

INFANT RESPIRATION CHAMBER.

The conclusion of our accumulation of data with infants from birth

to 1^ years of age has led to the study of infants of approximately 2

years of age, thus requiring the use of a larger respiration chamber to

accommodate the larger body of the infant. Such a chamber has been

constructed and is being regularly employed for studying the older

infants in the Massachusetts Wet Nurse Directory.

RESPIRATION CALORIMETER FOR SMALL ANIMALS.

For some time the Laboratory has been endeavoring to develop a

respiration calorimeter for small animals which would overcome the

objection to many existing types, especially as to the large mass of

metal frequently employed. After several years of unsuccessful experi-

mentation a type was devised during the past year which has proved

especially sensitive. This apparatus has already been used for a

study including the measurement of the gaseous metabolism and of the

direct and indirect calorimetry of fasting geese.

Thanks to the personal interest of Professor Eliliu Thomson, of the

General Electric Company, of Lynn, two meters were designed and con-

structed for use in connection with this calorimeter. These meters

possess certain special features for measuring the amount of electrical

energy actually delivered. The successful construction of the meters

made possible the completion of the new respiration calorimeter.

LARGE RESPIRATION CHAMBER.

In the original design of the Nutrition Laboratory space was provided

in the calorimeter laboratory for the construction of a large respiration

chamber which would permit the study of the gaseous metabolism of a

number of individuals simultaneously or of a few individuals working to

the limit of human endurance. The construction of this apparatus was
deferred until the decision was made as to whether or not calorimetric
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features should be added. The amount of research thus far carried out

on the relationship between direct and indirect calorhnetry has shown

conclusively that an extensive series of observations can advantage-

ously be made with such a respiration chamber without compUcating

the apparatus by delicate calorimetric features. A large respiration

chamber has therefore been built by the Laboratory mechanicians in

the respiration calorimeter laboratory. This chamber is 5.2 meters

long, 3.8 meters wide, and 2.3 meters high, with a water-sealed opening

at the top and large plate-glass windows at one end, permitting day-

light illumination. In studies carried out with this apparatus, empha-

sis will be laid upon the determination of carbon dioxide developed

under various conditions.

APPARATUS FOR THE MEASUREMENT OF LARGE AMOUNTS OF CARBON DIOXIDE.

The universal respiration apparatus is so adaptable that it has

already been employed for researches varying as widely as the measure-

ment of the gaseous metabolism of a single guinea-pig and of the

carbon-dioxide production of a man working to the limit of human
endurance. In this latter study the apparatus effectively absorbed

from the ventilating air-current as much as 3 liters of carbon dioxide per

minute. The quantity of chemical reagents required under such

conditions to remove the carbon dioxide completely prohibits the use

of this apparatus for experiments over long periods of time. Accord-

ingly, in researches in which large amounts of carbon dioxide are to be

absorbed, such as studies of the metabohsm of large animals (par-

ticularly domestic animals) , of a group of men, women, or children, or

of one or two men working continuously at severe muscular labor, a

very different type of respiration apparatus is required. Using as a

basis a novel method for samphng a large air-current, we have devised

an apparatus which gives excellent results in the measurement of con-

siderable amounts of carbon dioxide. When the apparatus is attached

to the large respiration chamber previously mentioned, it makes possi-

ble all types of experimentation with a number of individuals or under

conditions of severe muscular work.

MINOR APPARATUS.

For the permanent retention of many of the unique processes devel-

oped in experimentation on man, it has been found advisable to take

cinematograph records of the various techniques. Consequently,

the Laboratory has been equipped with a suitable cinematograph

camera and projection apparatus for this purpose. The films are of

marked advantage in showing technique when, for one reason or another,

apparatus has been dismantled.

An electrically-driven kymograph constructed by Schloer, of Bowie,

Maryland, has also been added to the equipment of the Laboratory.



278 CARNEGIE INSTITUTION OF WASHINGTON.

COOPERATING AND VISITING INVESTIGATORS.

Since the investigation in diabetes mellitus has become such a
relatively important factor in the researches of the Nutrition Labora-
tory and a clinical respiration apparatus has been installed in the

New England Deaconess Hospital, Professor Elliott P. Joslin, who has

cooperated in tliis research for the past seven years, has devoted more
than usual of his own tune and that of his assistants to a continuation of

the study. Dr. Joslin's activity in this field has recently been signalized

by the publication of a treatise on diabetes melhtus, which suimnarizes

in large measure many of the researches that have been carried out in

this laboratory and gives his experience with some 1,000 cases.

Dr. Fritz B. Talbot, having made satisfactory arrangements with

the Massachusetts Wet Nurse Directory, has taken charge of the

researches on the metabolism of normal infants, i. e., the children of

healthy, inspected wet nurses.

Dr. George P. Denny, cooperating with Dr. F. M. Allen, of the

Rockefeller Hospital, has contributed to the general research on
diabetes by making observations on the gaseous metabolism of partially

depancreatized dogs prior to and subsequent to sugar feeding. Dr.

Demiy's departure for the war zone in Europe has indefinitely post-

poned the completion of these observations.

Dr. J. Arthur Harris, of the Station for Experimental Evolution, Cold
Spring Harbor, visited the Laboratory and was present at several con-

ferences in New York City with regard to the statistical treatment of

certain of the data thus far accumulated by the Laboratory. Dr.

Harris's cooperation in the statistical handling of this material is taking

an active form.

INVESTIGATIONS IN PROGRESS.

In accordance with the usual custom the investigations now actively

in progress in this Laboratory are outlined herewith.

METABOLISM DURING MUSCULAR WORK.

The research on energy transformations during walking, which was
begun by Doctors C. Tigerstedt and H. Murschhauser in 1913-14 on
horizontal walking and continued by Dr. H. M. Smith in 1914-15 on
gi'ade walking, has been concluded, and the results of Dr. Smith's inves-

tigations are being tabulated. The Laboratory has been fortunate

in having as subject a young manwho has faithfully fulfilled the require-

ments of a hard forenoon's walk upgrade without breakfast. These

observations were continued throughout the whole year, except for a
brief period when the subject developed a tendon strain and it became
necessary for hun to be relieved for a short time. The results obtained

with this subject are the most comprehensive of any secured thus far;

when combined with those of the previous year they will, it is hoped,
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furnish a complete picture of the total energy changes during this form
of exercise.

The investigation has covered rates of progression from a very slow

saunter of 35 meters per minute to a brisk pace of 100 meters per

minute and from a zero grade to one of 45 per cent. At the higher

grades it was, of course, impossible to maintain the greatest speeds. At
the point of 40 per cent grade and 65 meters per minute speed, the

subject consumed oxygen at the rate of 3,159 c. c. per minute, while

3,030 c. c. of carbon dioxide were ehminated. Electrocardiograms

were taken at frequent intervals during the muscular activity. It has

thus been possible to get authentic photographic records of the pulse

during the muscular work, as well as of the changes during the transi-

tion from mild to vigorous exercise and the reverse. The Bock-Thoma
oscillograph, used for this purpose last year, was replaced by a Cam-
bridge string galvanometer, as the war made it impossible to secure

certain broken parts of the former instrument. The records with the

string galvanometer were equally satisfactory and the expense of photo-
graphic supplies was materially reduced ^^0-^4
During the latter part of the investigation measurements were also

made of the body-temperature by means of a rectal resistance-ther-

mometer and a galvanometer ; curves showing the changes in the body-
temperature during work were thus simultaneously secured. Other data
recorded during the study included the number of steps per minute,

the height to which the body was lifted per minute, the respiration-rate,

thevolume per respiration, and the changes in blood-pressure. Through-
out the entire investigation the treadmill, constructed in this Laboratory
in 1912, gave excellent results. It is now being thoroughly examined
and tested in preparation for use in the large respiration calorimeter.

METABOLISM IN RECTAL FEEDING WITH ALCOHOL AND SIMPLE SUGARS.

As a part of the research upon the physiological effect of ethyl

alcohol in man, begun by this Laboratory, an extensive investigation

of the use of alcohol in rectal feeding has been made by Dr. T. M.
Carpenter. Four healthy medical students acted as subjects. Ethyl
alcohol in concentrations of 5, 7.5, and 10 per cent in water has been
injected per rectum in quantities varying from 250 c. c. to 1,000 c. c.

of the diluted alcohol. In most of the tests 25 grams of the alcohol

were used, although in som.e instances as much as 50 grams were given.

The amount unabsorbed w^as determined by the so-called "wash out"
method. The effect upon the character and amount of the total

metabolism was found by determining the gaseous exchange with the
Tissot respiration apparatus. By the appUcation of a mask it was
possible to measure the gaseous exchange continuously for 5 hours in

periods of from 10 to 15 minutes. The total amount of air expired each
period and its composition were determined. From these the total
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carbon dioxide expired, the total oxygen absorbed, and the respiratory

quotients were calculated. Shnultaneously with the above measure-
ments, continuous graphic records were obtained of the respiration-rate,

pulse-rate, and external muscular activity. Control experiments of

like character were made in which a 0.6 per cent sodium chloride

solution was injected.

To throw additional light upon the absorption of alcohol per rectum,

special experiments were also made in which the urine was collected in

short periods and the alcohol concentration determined by the Nicloux

method. For comparative purposes a few metabolism experiments of

both kinds, i. c, respiration expermients and those including the

collection of urine, were conducted, in which the alcohol was ad-

ministered through the mouth. A number of metabolism studies of

rectal feeding were made by injecting 5 and 10 per cent solutions of

dextrose and levulose in amounts up to 50 grams of these sugars ; in two
experiments alcohol and dextrose were combined. Incidentally, ob-

servations were carried out on the difference between the gaseous

exchange with the subject awake and with the subject asleep.

The results obtained present many interesting facts and problems
regarding both the physiological effect of alcohol and of rectal feeding

in general. The investigation will be continued along both lines.

INFLUENCE OF MODERATE AMOUNTS OF ALCOHOL ON PSYCHOLOGICAL PROCESSES.

The observations previously made by Dr. W. R. Miles on the

influence of alcohol on typewriting—a convenient and extensively

used fonn of complex activity—produced a formidable mass of records

which have been in process of elaboration during the year. These
experiments were made with five trained typists who worked 5 hours

per day for 6 to 10 days each. The other measurements with the

typewriting, which might correspond to rest periods, bear mostly on
the time relations of certain neuro-muscular processes. The type-

writing provides a record not only of the speed of operation but also of

the accuracy of the complex reactions involved. As the individual

variations characteristic of the effects of alcohol are prominently

shown, further experiments may have to be made before the results are

reported.

SENSORY THRESHOLD FOR ELECTRICAL STIMULATION.

Certain practical difficulties have been found in the Martin method of

measuring the sensory threshold for electrical stimulation, prominent

among these being the care necessary for the accurate determination

of the tissue resistance for the receptors involved. As this sensory

threshold has been useful in studying the changes in the condition of the

nervous system incident to the ingestion of moderate amounts of

alcohol, and promises further usefulness, an effort has been made by
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Dr. Miles to improve the technique. Work has been done along the

following lines: A comparison of the wave forms and current strength

of the different inductoria; the construction and caUbration of a pendu-
lum contact-breaker which can be used in the circuit of the induction

coil to produce constant breaks or in work with direct-current stim-

ulation; the employment of different forms of the Wheatstone bridge

for measuring the tissue resistance. In the last-mentioned study both
the telephone and the string galvanometer were used as detectors and
determinations were obtained for resistance and capacity. The results

secured were compared with the values found when the resistance was
measured by the substitution method with the string galvanometer.

VISUAL ACUITY MEASUREMENT.

The Ives-Cobb visual acuity object has been used by Dr. Miles with

a hmited group of subjects for a thorough test of the relation between
visual acuity and the diameter of the artificial pupil and of the luminous
intensity of the field.

METABOLISM IN DIABETES MELLITUS.

The obscure respiratory problems presented by the peculiar condition

of diabetic subjects subsequent to the new Allen fasting treatment
called for an extended series of observations in the New England
Deaconess Hospital under the general direction of Dr. Joslin. The
observations were carried out by Miss M. A. Corson, of the Laboratory
staff. The providing of a separate building for diabetics by the hospital

has proved of great value, a visit to the building showing better than
words the wdde difference between these patients with severe diabetes

and the ordinary conception of hospital patients. As Dr. Joslin has

aptly pointed out, the diabetes patients are not in a hospital, but at

school, learning how to prolong their own lives.

METABOLISM OF NORMAL INFANTS.

As the result of an excellent system of controls estabUshed by
Dr. Talbot, we have been able to study a number of infants during the

period of growth from birth to a year or more of age and to obtain an
interesting series of charts showing the metabolism during the first two
years of Ufe. The apparatus installed in the Wet Nurse Directory has

been used for daily observations on perfectly normal infants. In the

spring of 1916 a series of observations was carried out in which an
attempt was made to approximate the daily life of the infant in the

crib and to determine the daily rhythm of metaboUsm, including the

digestive cycles and the influence of deep sleep upon the metabolism.

The periods were 24 hours long, the infant being removed from the

respiration chamber but a few moments at a time throughout the entire

day. These tedious and exacting observations have been in charge of

Miss AUce Johnson.
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INFLUENCE OF ENVIRONMENTAL TEMPERATURE ON METABOLISM.

By means of the clinical respiration chamber a study has been begun
of the carbon-dioxide production and oxygen consumption of a human
subject under conditions of varying environmental temperature—

a

factor which is popularly supposed to affect profoundly the basal

metabolism. Similarly with smaller forms of respiration chambers the

same temperature conditions have been applied to small animals, such

as dogs, cats, and, particularly, geese and ducks.

THE CONVERSION OF CARBOHYDRATES TO FAT IN THE ANIMAL BODY.

The double problem of the convereion of carbohydrate to fat, such as

occurs during surfeit feeding of geese and obesity in man, and the

interesting energy relationships between the carbon dioxide formed and

the oxygen consumed during these processes, can be sunultaneously

studied with great profit by using geese as subjects and determining

the gaseousmetabolism and heat production with the recently completed

respiration calorimeter for small animals. Such an investigation has

been begun and considerable progress has been made with the experi-

mental attention of Miss E. H. Tompkins and Miss Alice Johnson.

THE METABOLISM OF COLD-BLOODED ANIMALS.

As stated in earUer reports, a most advantageous arrangement has

been made for research at the New York Zoological Park, by means of

which valuable data may be obtained for comparative purposes on the

basal metabolism of the lower animals. With the assistance of Mr.

Colbert Mason, an excellent beginning has been made on an extensive

study of the metabolism of cold-blooded animals, particularly serpents

and tortoises. Owing to Mr. Mason's ill health, we are so unfortunate

as to lose his services, but the research is being actively continued with

the assistance of Mr. E. L. Fox. Publication of the results will not be

possible until the data accumulated are much more extensive.

EDITORIAL AND COMPUTING WORK.

The preparation of the large monographs describing the technique

and protocols and discussing the results of the investigations carried

out in this Laboratory have necessitated a special division of computing

and editing that is completel}^ equipped withmodern computing devices.

Several scientific contributions in the form of either journal articles or

of monographs are constantly in hand. Reference should also be made
to the investigation on the applicability of modern statistical treat-

ment to the vast amount of data which is being gathered together.

As a result of several conferences with biological statisticians, notably

Dr. C. B. Davenport, Dr. Raymond Pearl, and Dr. J. Arthur Harris,

arrangements have been made with Dr. Harris to apply statistical

treatment to several characteristic sets of the data which have already

been accumulated.
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TRANSLATION OF FOREIGN LITERATURE.

Following the practice of other years, the Laboratory has continued

the translation of scientific treatises not readily accessible to the

research worker. The translations from the Russian made during the

past year are as follows:

A. A. Sttjdenski:

Comparison of heat-production (calculated and directly determined) of dogs in normal

condition, in fever, and in pregnancy. From the Laboratory of General Pathology

of Professor Albitsky. Dissertation, St. Petersburg, 1897, 57 pp.

M. M. Kulagin:
Life without oxygen. Jour. Nat. Sci. and Geog., 1906, 3, 11 pp.

J. A. Kagan:
Influence of fasting on the increase in body-weight upon renewed feeding with limited

amounts of food. Jour. Russian Med., 1885, Nos. 17, 18, and 19, 21 pp.

PUBLICATIONS.

The following publications have been issued during the year

:

(1) Energy transformations during horizontal walking. Francis G. Benedict and Hans
Murschhauser. Proc. Nat. Acad. Sci., 1, 597 (1915).

An abbreviated presentation of the material in Publication No. 231, Car-

negie Institution of Washington (1915).

(2) The physiology of the new-born infant. Francis G. Benedict and Fritz B. Talbot.

Proc. Nat. Acad. Sci., 1, 600 (1915).

An abbreviated presentation of the material in Publication No. 233, Car-

negie Institution of Washington (1915).

(3) A comparison of methods for determining the respiratory exchange of man. Thome M

.

Carpenter. Proc. Nat. Acad. Sci., 1, 602 (1915).

An abbreviated presentation of the material in Publication No. 216, Car-

negie Institution of Washington (1915).

(4) Neuro-muscular effects of moderate doses of alcohol. Raymond Dodge and Francis G.

Benedict. Proc. Nat. Acad. Sci., 1, 605 (1915).

An abbreviated presentation of the material in Publication No. 232, Car-

negie Institution of Washington (1915).

(5) The pathological effects of atmospheres rich in oxygen. Howard T. Karsner. Joum.
Exp. Med., 23, 149 (1916).

It has been known for many years that pneumonia is produced by the

more or less prolonged inhalation of high partial pressures of oxygen. The
studies herein reported show that atmospheres containing 80 to 96 per cent

oxygen under normal barometric pressure produce in 24 hours, or more com-
monly 48 hours, congestion, edema, epithehal degeneration and desquama-
tion, fibrin formation, and finally, a pneumonia, probably of irritative origin

and to be described as a fibrinous bronchopneumonia. The important new
points are the time relations of these changes and definition of the type of the

pneumonia. Other studies have noted slight passive congestion, but it is

now established that this is to be accounted for in most cases by dilatation

of the right side or of both sides of the heart. This congestion affects all the

abdominal viscera and is accompanied by certain secondary changes such as

cloudy swelling of the parenchymatous organs and phagocytosis of erythro-
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cytes by endothelial cells of the mesenteric lymph nodes. Although deficiency

of oxygen may affect the hematopoietic system, the animals subjected to high

oxygen percentages failed to show demonstrable pathologic changes in blood,

spleen, lymph nodes, or bone marrow, except for the presence of congestion.

(6) A study of acidosis in three normal subjects, with incidental observations on the action

of alcohol as an antiketogenic agent. H. L. Higgins, F. W. Peabody, and R.

Fitz. Joum. Med. Research, 34, 263 (1916).

In three healthy subjects a carbohydrate-free diet caused the development
of varying degrees of acidosis. The acidosis was shown by a lowered CO2
tension of the alveolar air, by an increased urinary excretion of ammonia
nitrogen and of acetone bodies, and by the increased titratable acidity of the

urine. The acidosis was accompanied by subjective sensations of malaise,

an increased oxygen consumption, a negative nitrogen balance, increased

pulse-rate and increased ventilation. Alcohol given to the subjects on this

diet in dosage comparable to that used for clinical purposes did not stop the

progress of the acidosis or show any antiketogenic action. Coincidental with

its administration there was further increase in the oxygen consumption and
in the disagreeable subjective sjanptoms.

(7) The alcohol projiram of the Nutrition Laboratory, with special reference to psychological

effects of moderate doses of alcohol on man. Francis G. Benedict. Science, 43,

907 (1916).

The preparation of a program outlining the more fundamental problems

for study in an investigation of the physiological and psychological effects of

moderate doses of alcohol on man led to an extensive correspondence and
personal discussion with regard to the plan in general. The plan is outlined

in this address, and special reference is given to a presentation of some of the

more fundamental conclusions drawn from the monograph of Dodge and
Benedict (Publication No. 232, Carnegie Institution of Washington (1915).

(8) Respiiatory exchange, with a description of a respiration apparatus for clinical use.

Francis G. Benedict and Edna H. Tompkins. Boston Med. and Surg. Jour.,

174, pp. 857, 898, 939 (1916).

The interest of the medical profession in respiratory exchange led to the

preparation of this discussion of the theory of the respiratory exchange and
its significance in pathology, together with the presentation of the description

of a special apparatus for clinical use. This apparatus has been tested and
extensively used in the New England Deaconess Hospital in the long series

of researches on diabetes. The technique of the operation of the apparatus

for experiments with diabetic patients is given in detail.

(9) The rapidity with which alcohol and some sugars may serve as nutriment. Harold L.

Higgins. Am. Jour. Physiol., 41, 258 (1916).

By determination of respiratory quotients in periods of 3 and 4 minutes'

duration upon subjects without breakfast, it was concluded that: Alcohol

begins to be burned in appreciable quantity in from 5 to 11 minutes after

taking; with some subjects the combustion began more quickly than with

Others. Sucrose, lactose, and levulose begin to be burned quite as soon as

alcohol, if not sooner. Glucose and maltose are not utilized as food as soon

as the other sugars or alcohol, approximately 20 to 30 minutes elapsing

before their combustion plays an important part in the metabolism. There

is a distinct difference between the metabolism in man of glucose and of lev-

ulose and galactose, as shown by a study of the gaseous exchange, especially

of the respiratory quotients.
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(10) A photographic method for measuring the surface area of the human body. Francis G.
Benedict. Am. Jour. Physiol, 41, 275 (1916).

Primarily with the object of securing measurements for a subject who had
undergone a 31-day fast, a photographic method was developed to establish
the relationship between the area of the body computed from certain definite

photographic poses (particularly a side view with arm extended) and that
actually measured by the Du Bois linear formula. A method for securing
accurate measurements of the body area resulted. Comparisons between the
photographed areas and the body-surface as computed from the Du Bois
linear formula show, even with the most diverse configurations of body, a
constancy rarely observed in anatomical measurements or in computed ratios

based upon such measurements.

(11) The relationship between body-surface and heat-production, especially during pro-
longed fasting. Francis G. Benedict. Am. Jour. Physiol., 41, 292 (1916).

An historical consideration of the development of the idea of proportion-
ality between the body-surface area and heat-production shows that funda-
mentally it was originally based upon Newton's law of cooling. The idea of

a causal relationship between body-surface and heat-production is strongly
emphasized in foreign writings and distinctly to be inferred from those of a
number of American writers. The long-existing doubts as to the validity of

the older methods for the measurement of body-surface have been fully sub-
stantiated by the development of the linear formula of the Du Boises, which
gives measurements with a high degree of accuracy.

By means of a photographic method recently devised for measuring the
body-surface, the body-area of the subject of a 31-day fasting experiment was
redetermined and used in recomputing the heat-production per square meter
of body-surface. The values obtained showed a decrease similar to that pre-

viously found. The decrease in the heat-production per square meter of

body-surface, amounted to 28 per cent, a decrease that can be interpreted only
as proof of the inapplicability of the surface-area law to subjects with widely
varying states of nutrition. This shows it to be impossible to compare a
standard value obtained with a large number of robust, normal individuals

with that obtained with emaciated diabetics, and thus supplies strong proof
of the legitimacy and practicability of the group system of comparing patho-
logical cases with normal individuals of like height and weight, i. e., of general

anatomical and morphological similarity.

(12) The energy metabolism of a cretin. Fritz B. Talbot. Am. Jom-. Diseases of Chil-

dren, 12, 145 (1916).

This brief study of the metabolism of a cretin is of significance, since it

gives evidence as to the influence of the internal secretion upon the metabolism.
The cretin was 3 years' and 8 months old, weighed 12 kg., and had the mental
development of a 4 to 6 months' old infant. After treatment with thyroid

extract he improved markedly, showed more intelligence, and became more
active. Before treatment two very quiet periods were obtained with him,
but, unfortunately from the standpoint of observation, after treatment he
showed signs of discomfort in the restricted space of the chamber and it was
impossible to secure comparable quiet periods. His metabolism in the quiet

periods is compared with that of two normal infants 8^ and 10 months old,

respectively, the observations showing that, in general, the metabolism of the
cretin was 25 per cent lower than that of the two normal infants.





DEPARTMENT OF TERRESTRIAL MAGNETISM.*
L. A. Bauer, Director.

GENERAL SUMMARY.

The event of chief importance in the pubUcation work of the Depart-

ment is the completion of Volume III of its Researches. This volume
contains the final results of the ocean magnetic work, 1905-1914, and
the preliminary results for the present cruise of the Carnegie, from
March 1915 to September 1916; also, accounts are given of various

investigations, especially with regard to observational methods and
newly designed instruments for the ocean work.

The three cruises of the Galilee, 1905-1908, aggregated 63,834

nautical miles, and the four cruises of the Carnegie, 1909 to 1916

(September), 160,615nautical miles. The aggregate length of the cruises

of the two vessels, 1905 to 1916 (September), is, accordingly, 224,449

nautical miles. On the average, magnetic observations at sea have
now been made at points 100 to 150 miles apart, and the results will be
found in the ''Tables of Results" given in Volume III. The various

tables contain the results for 443 stations of the Galilee work and for

2,807 stations (to September 21, 1916) of the Carnegie work; hence,

together, for 3,250 stations to September 21, 1916. In addition, mag-
netic observations have been made at numerous shore stations.

The great advantage of having a non-magnetic ship, like the Carnegie,

is made very apparent in the comparison of the work of the Galilee and
the Carnegie, both as to accuracy and rapidity of work. While the

operating expenses of the chartered vessel, the Galilee, were less than

those of the Carnegie, the difference was more than made up by the

fewer results during a given period and the increased cost of the office

work for the Galilee, because of the need of determining deviation

corrections, which is not necessary for the Carnegie.

The general plan according to which the magnetic survey of the globe

is being carried out provides not only for securing magnetic data in aU
regions where needed, but also for the determination of the average

annual changes, the so-called "secular changes" in the Earth's magnetic
state. On the oceans this is done by making observations at intersec-

tions with previous cruises of the Galilee and the Carnegie, or with the

tracks followed by the vessels used in recent Antarctic expeditions.

L"p to October 1, 1916, such repeat observations have been made at

about 85 intersections of cruises of the Galilee and the Carnegie, the

average time-mterval being approximately 5 years. In addition, the

secular changes have been determined by the observers at many points

on land (islands and continents)

.
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287



288 CARNEGIE INSTITUTION OF WASHINGTON.

The iiuignetic data accumulated by the end of 1917 will warrant

undertaking then the reduction of all results to some conunon date by
applying the secular changes just mentioned. When this has been

done a new set of magnetic charts for the globe can be constructed on a

more accurate basis than has been possible heretofore. It is hoped
that the solution of some of the vexed and mooted questions pertaining

to the magnetism of our planet may then be undertaken successfully.

Volume III, which shortly will be ready for distribution, contains

also a special report on the results of the atmospheric-electric observa-

tions made at sea on the Galilee and the Carnegie during the periods

1907-1908, and 1909-1916. By referring to the abstract on pages 326

to 329, it will he seen that results of importance have been obtained also

in this line of work. The improved methods and instruments in use

on the Carnegie since 1915 promise to yield further important facts.

Magnetic data of interest to mariners have been mailed to the chief

hydrographic establishments with the same promptness as heretofore.

Owing to interrupted mail service in European countries, however, the

receipt of the data is at times delayed. With the publication of Volume
III, hydrographic establishments are put in possession of the complete

ocean magnetic results to September 1916.

MAGNETIC SURVEY OF THE OCEANS.

At the close of the last fiscal year the Carnegie was en route from
Dutch Harbor, Alaska, to Lyttelton, New Zealand, where she arrived,

after a continuous trip of 89 days, on November 3, 1915. After the

completion of the usual shore work and the instrumental comparisons

at Chiistchurch Magnetic Observatory, she sailed from Lyttelton

December 6 on a most memorable voyage—the circumnavigation of

the sub-Antarctic regions. Proceeding eastward for the greater part

near the parallel of about 60° south, she arrived at King Edward Cove,

South Georgia Island, in the South Atlantic, on January 12, 1916.

Leaving this port two days later, the Carnegie continued eastward and
returned to Lyttelton on April 1, 1916, having accomplished the

circumnavigation passage of 17,084 nautical iniles in 118 days, the

average day's run under sail being 145 miles.

As far as is known, the Carnegie is the first vessel to make the circum-

navigation of the globe in the sub-Antarctic regions complete in one

season. On every day of the entire passage full sets of magnetic

observations were made, excepting on one day, when, because of cloudi-

ness, the value of the magnetic declination (variation of the compass)

could not be detennined ; however, on this day the magnetic inclina-

tion and the intensity of the Earth's magnetic field were observed.

Off the southwest coast of Australia, mariners' charts of the variation

of the compass were found in error 12° to 16°, the largest errors thus far

revealed. Besides important magnetic and electric data, information
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of geographic interest was obtained on this trip. The probable non-

existence of Dougherty Island was confirmed and the geographic posi-

tion of Lindsay Island, as determined by the German exploring ship,

the Valdivia, in 1898, was verified. The interested reader may be

referred to the fuller account of the trip on pages 297 to 301.

The Carnegie left Lyttelton again on May 17, 1916, bound for Pago
Pago, Samoa, arriving there June 7. Saihng from this port on June

19, she proceeded next to Guam in order to connect there with the 1907

work of the Galilee. The Carnegie was at Port Apra, Guam, from July

17 to August 6, during which period important shore observations and
instrumental comparisons were made. Leaving Guam August 6, the

vessel followed a track to San Francisco designed to secure as many
intersections as possible with the previous tracks of the Galilee and the

Carnegie, and to obtain magnetic observations in areas where additional

data are needed. The Carnegie arrived at San Francisco September

21, 1916. Here connection was made with the work of the Galilee

1905-1908. After again outfitting, the vessel on November 1 started on
her homeward trip around the Horn and via certain Atlantic ports to

Brooklyn, where she is expected in the fall of 1917. The total length

of the Carnegie's passages during the period November 1, 1915, to Octo-

ber 31, 1916, is 29,856 nautical miles.

When the Carnegie returns to Brooklyn, magnetic data will have

been secured in nearly all the oceans traversed—in brief, the first

general magnetic survey of the oceans will have been nearly completed.

The Arctic and Antarctic regions, not accessible to the Carnegie

because she is not built for severe ice-conditions, must be covered in

some other manner. But much useful work remains for the Carnegie.

In the first place, it will be necessary to repeat magnetic observations at

intersections of the tracks of previous cruises in order to ascertain the

changes in the magnetic elements, so that mariners' magnetic charts

may always be kept up to date, and to provide the requisite data for the

scientific study of the causes of these changes. Beginning with 1918,

however, except in certain regions, it will be possible to reduce the

average daily routine of magnetic work and to devote the time gained

thereby to acquiring data in various other important lines of oceano-

graphic work and scientific inquiry. Indeed, had the Carnegie no other

useful mission, it would be a profitable investment to reserve her solely

for the determination of the annual changes in the Earth's magnetic

state. Frequently the errors found in the mariners' charts are attribut-

able largely to erroneous amounts of annual changes which the con-

structors of the charts, in the absence of accurate infonnation, adopted

in order to refer past magnetic data to a future date.

But it is not merely the practical importance of magnetic data con-

cerning the Earth's magnetic changes that is here had in mind. The
acquirement of the scientific data necessary for the ultimate ascer-
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tainment of the causes of the changes in the Earth's magnetism, which
in a comparatively few years suffice to produce noticeable alterations

and to vitiate the utility of mariners' charts, if not corrected, is believed

by many to be of the highest importance in our studies of the past and
future history of the Earth. The value of accurate magnetic data can
jirobably not be fully estimated at present, but will increase with lapse

of time.

MAGNETIC SURVEY OF LAND AREAS.

Naturally the war has interfered with the steady progress of the

magnetic surveys of certain regions under the jurisdiction of European
countries. The work accomplished during the period November 1,

1915, to October 31, 1916, may be summarized as follows:

1. Extensive trips in Northern China, Mongolia, and Manchuria, under
the direction of Dr. C. K. Edmunds, assisted by Observer F, Brown.

2. Trips by Observer W. C. Parkinson to British New Guinea and out-

lying islands of Australasia, and in the interior of New Zealand and
Australia. (See also observations under Magnetic Observatory
Work.)

3. Interior trips by Observer H. E. Sawyer in French Kongo and Belgian
Kongo, as also magnetic observations at some stations en route

from Durban, Africa, to Boma, Belgian Kongo.
4. Magnetic observations at 13 stations on the island of Tahiti and in

Califoi-nia by Observer H. F. Johnston.
5. Magnetic obsei-vations by Observers D. M. Wise and A. Sterling in

the northwestern part of South America.

MAGNETIC OBSERVATORY WORK.

Upon the completion of Observer Parkinson's work in New Zealand
in May 191G, he was assigned to Southwestern Austraha to examine
sites for one of the proposed magnetic observatories mentioned in the

report of last year. In connection with these examinations, magnetic
observations were made at various stations. In the meanwhile the

building plans for the observatory were prepared at Washington by
the Cliief of the Observatory Division, Mr. J. A. Fleming, who was
assisted by Magnetician W. F. WalHs. The latter left Washington for

Austraha in July 1916 to take charge of the erection of the observatory

buildings and the installation and operation of the instruments. The
site chosen is located near Marchagee, about 150 miles north of Perth,

Australia. Mr. Wallis is being assisted in the work by Mr. Parkinson.

In September 1916, Observer D. M. Wise left Washington for

South America to instruct Observer A. Sterling in magnetic-survey

work, and especially to examine into the suitability of localities in

Peru for a second magnetic observatory, to be established, if possible,

in 1917.
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RESEARCH WORK IN WASHINGTON.

TERRESTRIAL MAGNETISM.

Volume III of Publication No. 175, bearing the title "Ocean Mag-
netic Observations, 1905 to 1916, and Reports on Special Researches,

by L. A. Bauer, W. J. Peters, J. A. Fleming, J. P. Ault and W. F. G.
Swann," already spoken of in the introductory paragraphs of this

report, is in the hands of the printer at the end of the fiscal year.

Abstracts concerning this volume will be found on pages 326-329.

Progress has been made with Volume IV (Magnetic Survey Observa-
tions, 1914-1917, and Reports on Special Researches). This volume
is to contain both the land and ocean results for the years specified.

In addition to the pubUcation work and the completion of the

investigations contained in Volume III, various investigations, theo-

retical and observational, have been carried on, the majority of which
are described in the abstracts of papers (pages 318-336). The
investigations relating to instrumental improvements, to the designing

of new appliances, and to the laws governing changes of constants of

magnetic instruments, have been continued (see page 294). The
results of some of these investigations are to appear in Volume IV.

The Director has continued his researches respecting the origin of the

Earth's magnetic field, the relation between changes in solar activity

and the Earth's magnetic activity, and as to the existence of a possible

connection between outstanding astronomical effects and certain

cosmic magnetic phenomena. The last question is engaging the

attention at present of several noted investigators (see page 321), and
it is becoming increasingly difficult to draw a sharp boundary-line

between researches belonging distinctively to one or the other of the

older sciences. Thus the student of the Earth's magnetism soon finds

that he must extend his investigations beyond our planet and take into

consideration the existence of cosmic effects of various kinds.

As one of the first steps, it was considered desirable to attempt the

establishment of a theoretical formula which would give an approxi-

mate idea, at least, of the possible magnetic field-strength of the main
members of our solar system, assuming that the magnetic field of a

large body is associated in some manner with speed and direction of

rotation. On page 321 a tentative formula is given. If we take as

the period of the Sun's rotation that derived from the equatorial

motion of sun-spots, etc., the formula gives as the strength of the

Sun's magnetic field at its magnetic poles 1 14 times that of the Earth
at its magnetic poles. Taking the Sun's rotation period as derived

from the Mount Wilson observations, from which the motion of the

Sun's magnetic axis about the rotation axis can be deduced, the

strength of the Sun's magnetic field, according to the formula, turns

out to be 90 times that of the Earth. Hale has deduced from his
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preliminary observations that the strength of the Sun's general mag-
netic field at its magnetic poles is approximately 80 times that of the

Earth at its magnetic poles. It is thus seen that the tentative for-

mula agrees with observation as closely as could be expected in view of

the uncertainty in the period of the Sun's rotation as a whole. Further-

more, Hale thinks it possible that his preliminary value may be in-

creased if the Zeeman effect for spectrum lines representing lower levels

in the solar atmosphere can be observed.

Unfortunately, it is not possible at present to test the fonnula

further, since we do not know the magnetic field-strength of any other

member of the solar system than the Earth and the Sun. It is of

interest to note, however, that if the foraiula should receive further

verification, it would appear probable that Jupiter may be enveloped

by as strong a magnetic field as the Sun, and that Saturn, Uranus, and
Neptune may have magnetic fields considerably stronger than that

of the Earth. The possibility of decisive laboratory experiments is

receiving further attention.

For additional information regarding above researches, see abstracts

on pages 318 330.

It is appropriate to mention here the loss sustained by terrestrial

magnetism in the death of Sir Arthur Rucker on November 3, 1915,

in his sixty- seventh year. He was a member of the advisory council

of the Department of Terrestrial Magnetism from the time of its

estabUshment in 1904. He continued his kindly and stimulating

interest practically until the day of his death. His counsel was found

exceedingly helpful in determining on the final policy for the conduct

of the world-wide work of the Department. In October 1909 he

visited the Carnegie at Falmouth, England, and wrote an appreciative

letter to the President of the Institution respecting the instruments

and methods of work used on the vessel. He also wrote a report

entitled "Observations on the magnetic results obtained at and near

Falmouth Observatory by the Carnegie Expedition, October 1909."

In this report a comparison is made between the magnetic results

derived from the Rucker and Thorpe Magnetic Survey of Great

Britain and those of the Carnegie expedition. He concluded his report

as follows:

"The agreement of British and Carnegie measurements with each other,

whether taken on sea or land, is all that could be desired, even when tested

])y mctliods in which small errors would be at once detected. The net result

is to show that two surveys of countries 3,000 miles apart can be connected
with each other with almost perfect accuracy, and that sea observations can,

in the single case investigated, bo linked up with land observations so as to

secure an agreement in the general indications affordetl even by the differences

of the differences ))etween the observed and calculated values of the magnetic
elements."
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TERRESTRIAL ELECTRICITY.

The investigational work under this head during the past year has
been in the subjects of atmospheric electricity and earth-currents.

The first special report of Volume III, referred to above, by L. A.
Bauer and W. F. G. Swann, concerns itself with the compilation and
discussion of the atmospheric-electric observations made on the
Galilee, 1907-1908, and on the Carnegie, 1909-1916. (For abstract, see

pages 326-329.)

Progress has been made by Doctors W. F. G. Swann and S. J.

Mauchly with newly designed instruments for automatic registration

of the atmospheric-electric elements, to be used at Washington and at

the observatories of the Department. It is hoped that the automatic
registration of the potential gradient and the electric conductivity of

the atmosphere with the new instruments can be begun at Washington
by the end of 1916. Abstracts of various related investigations are

to be found on pages 331-336.

The great advantage of being able to combine laboratory investiga-

tions with observational work is again being demonstrated, this time
in the subject relating to the Earth's electric currents. It is the
intention to include in the work of the Department's proposed observ-
atories the automatic registration of earth-currents. However, in

view of the conflicting results obtained by past observers, it has been
decided to undertake first some theoretical and experimental studies

at Washington. The problem has been assigned to Doctors Swann
and Mauchly.
The first point under investigation concerns itself wdth the origin of

vertical earth-currents. It appears that many investigators have
observed vertical earth-current densities of an order of magnitude
much larger than the vertical atmospheric-electric current density.

The existence of a general distribution of such vertical earth-currents

appeared inconsistent with the principle of continuity of electric flow.

Laboratory experiments show that the currents can largely be attrib-

uted, both as regards their nature and order of magnitude, to spurious
effects introduced by the apparatus through differential effects of such
agencies as temperature or hydrostatic pressure, for example, at the
electrodes. The investigation is now being continued in the grounds
around the Laboratory.

Further studies and experiments have been made in connection with
the atmospheric-electric work of the Carnegie. Dr. Swann also has in

progress various investigations regarding the maintenance of the Earth's
electric charge and related topics. (See abstracts of papers, pages
331-336.)



294 CARNEGIE INSTITUTION OF WASHINGTON.

INSTRUMENTAL WORK.

Besides the instrumental investigations already mentioned (see

pages 291, and 317-318), several new instruments for observations in

terrestrial magnetism and atmospheric electricity have been completed

in the Department's instrument-shop, which has continued, as here-

tofore, under Mr. Fleming's supervision. Furthermore, the current

instrumental equipment has been kept in good repair and the magnetic

instruments for observatory work, purchased from the United States

Government and formerly used at iVIount Weather Observatory, have
been thoroughly overhauled, improved, and in part reconstructed.

The Department now has three complete magnetograph outfits.

The reconstructed magnetic instruments were originally made by
some of the best foreign instrument-makers. Despite the splendid

workmanship, it was found necessary when overhauling the instru-

ments to replace, because of magnetic impurities, a number of the

parts. The great importance of securing absolutely non-magnetic

metals for magnetic instruments, pointed out in previous annual

reports, was thus again emphasized. A small brass-foundry, to insure

the making of pure castings, was therefore constructed and equipped

and the necessary arrangements were made for refining the raw metals

required.

During the year two of the Department's types of magnetometers

have been purchased by foreign governments.

It is of interest to record here that the Board of Directors of the

University of Cincinnati presented to the Department, for its historical

exhibit of magnetic instruments, the large Gambey type of magnetom-
eter used by Professor Alexander Dallas Bache when making the mag-
netic survey of Pennsylvania, 1840-1843.

Additional experimental direct-current circuits and special bare-

wire circuits with special switchboards for the laboratory rooms were

completed, and various instrument-cabinets and observing-tables were

installed.

Test runs and adjustments of two of the magnetograph outfits were

completed at Washington preparatory to the assignment of the instru-

ments for use at the proposed observatories in Western Australia and

South America. Both outfits are of the Eschenhagen type.

DETAILS OF OBSERVATIONAL WORK.

OCEAN WORK.

November 3, 1915, the Carnegie arrived at Lyttelton, New Zealand,

and thus concluded her long trip, without stop, of 89 days from Dutch
Harbor, Alaska, from which port she had sailed on August 5. Heavy
weather was encountered immediately after leaving Dutch Harbor,
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and it was impossible to swing ship^ until August 15, just before leav-

ing Bering Sea. The farthest north was 59° 33'.

The one hundred and eightieth meridian was crossed on August 13,

the date August 14, 1915, being dropped. After clearing the Aleutian

Islands, the course followed was practically south along the one

hundred and sixty-fifth meridian to New Zealand. On September 6

a terrific gale and hurricane from the southwest was encountered.

It was necessary to take in all sail and run before the storm, and for

17 hours a speed of 9 knots was made under bare poles. The vessel

stood the strain well, but everything was wet on board, the hurricane

driving the rain into every crack and opening. Wake Island was

passed in the morning of September 12. After passing the first of the

Marshall Islands, it was deemed best to keep pretty well to the east

on account of prevailing easterly winds and westerly set of the cur-

rents. It was necessary to pass well to the westward of the Santa

Cruz-Solomon Islands passage, while near the equator, but favorable

conditions made it possible to weather the Solomon Islands, the

engine operating during calms.

After passing the Solomon Islands, the Carnegie was driven to the

westward by the prevailing southeast winds and had to tack twice to

avoid the Indispensable Reefs. These reefs were passed October 12,

and all the islands and reefs in the Coral Sea were safely cleared. As
the Coral Sea was entered, the winds drew somewhat more to the

southward, making it necessary to near the Australian Coast off Bris-

bane. Good winds were blowing across the Tasman Sea, and the

light on South Island, New Zealand, east entrance to Foveaux Strait,

was made early in the morning of October 31. On account of the

slow trip, it was decided to pass through the strait; just before clearing

the east end of the strait at sunset the wind shifted to the southeast,

making it necessary to use the auxiliary power. Fortunately, the

engine was in good condition and enough coal was reserved for such

an emergency. Again, in trying to round Banks Peninsula to enter

Port Lyttelton, the wind shifted ahead. With the engine and fore-

and-aft sails, however, it was possible to tack to advantage against the

wind, thus saving a delay of a day or more in entering the harbor at

Lyttelton. The engine has proved its value on several occasions and

has run well. Only once during the trip did it fail to operate, and the

cause for this failure was definitely placed.

During the cruise, various and unusual currents were noted. The
winds encountered were light and baffling; very rarely were the yards

braced square for a fair wind. The total number of miles on the

passage was 8,865, an average of 100 miles per day for 89 days.

'The purpose of occasionally making magnetic observations while swinging ship is to test, from

time to time, the absence, for the Carneoie, of deviation-corrections large enough to be taken into

account.
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I>ocal niagiietic disturbances were noted on September 18 near

Marshall Islands; October 15, west of Chesterfield Reefs and Islets;

October 20 and 21, near the coast of AustraUa; and October 31, 1915,

in Foveaux Strait. The aurora australis was seen on the nights of

November 1 and 2, consisting of long beams of white Ught projected

vertically from the southern half of the horizon.

Pig 2.—The track followed by the Carnegie on her sub-Antarctic voyage,

December G, 1915, to April 1, 1916.

l.yttelton was reached with over 6 tons of coal remaining in the

bunkers, 40 gallons of kerosene, and 600 gallons of water. It was not

necessary to issue a restricted quantity of water per day to each man,

as all did their best to economize in the use of fresh water. A salt-

water shower-bath, connected with the deck pump, was in position

ready for use at all times. The health of the party was good during

the entire trip.

A stay of 33 days at Lyttelton was necessary for the completion of

the shore-work and instrumental comparisons at Christchurch Mag-

netic Observatory, and for the overhauling and outfitting of the vessel.

On December 6 the Carnegie left Lyttelton for a circumnavigation of

the sub-Antarctic regions. The one hundred and eightieth meridian
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was crossed on December 9, so that date was repeated as December
9 (2). The vessel arrived at King Edward Cove, South Georgia, on
January 12, 1916, going the last 24 hours under her own auxiliary

power. The Carnegie again sailed on the 14th, being towed out of

harbor against a heavy head-wind by the steam whaler Fortuna.

Icebergs became more numerous, and fog was almost continuous.

However, January 18, 1916, was the only day on the entire trip in

southern waters on which it was impossible to obtain observations for

the magnetic declination. On January 22 the vessel passed along the

north coast of Lindsay Island, about 3 miles off shore. The Carnegie's

track of 1911 to the westward of Australia was twice intersected for

the determination of secular changes. Lyttelton was reached on
April 1, 1916. This sub-Antarctic passage was made practically

between the parallels of 50° and 60° south until Australia was ap-

proached, when it became necessary, on two occasions, to cross some-

what north of the fiftieth parallel, in order to secure the intersections

just mentioned. The total distance run from Lyttelton to Lyttelton

was 17,084 miles, giving an average of 145 miles for 118 days. The
entire track followed is shown in figure 2.

The following extracts from the commander's reports on the circum-

navigation voyage are of interest

:

"For the first week after leaving Lyttelton the Avinds were mainly from
the SSW., forcing us considerably to the eastward of our route; so much so

that we sighted the Antipodes, bearing south, distant 20 miles, on December
9, and would have passed over the charted position of the Nimrod Group had
the wind remained in the south another 12 hours. It had not been the inten-

tion to go near this group, but the adverse winds sending us so near them, it

was decided to stand on toward the east another day, to endeavor to sight

them, but the wind shifted to the north 12 hours too soon and we passed 40
miles to the SW. of the position. [The Nimrod Islands were stated to have
been seen, at a considerable distance, by Capt. Henry Eilbech in the Nimrod
in 1828, who placed them in about 56|° S. and 158|° W.']

"On December 7, a mirage presenting the appearance of distinct and exten-

sive land was seen in the west, in the direction of Banks Peninsula, which was
190 miles distant at the time.

"We crossed the one hundred and eightieth meridian December 9, so

repeated the date as December 9 (2). Our first piece of ice was sighted on
December 18, lat. 60° 12' S., long. 150° 46' W., and on December 19, 30 ice-

bergs, some being over 400 feet high and 1 mile long, were passed. We had
snow on December 18, 19, 20, and 21, and rather wintry weather. The
barometer dropped to 28.26 inches on December 18 during the snowstorm.
No icebergs were seen after December 24 until January 10, just before arrival

at South Georgia, when 8 or 10 good-sized bergs were passed.

^According to Nature, vol. 97, No. 24.31, June 1, 1916, p. 2.37, "In 1909, on the homeward voyage
of the Nimrod, with Sir E. H. Shacklcton's Antarctic Expedition, Capt. J. K. Davis made a

thorough search for the Nimrod and Dougherty Islands, and failed to find them; they were in

consequence removed from the last edition of the Prince of Monaco's bathymetrical chart of the

oceans."
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"As our route lay near the charted position of Dougherty Island, we deter-

mined to look for it. On the afternoon of December 24, the cry of 'land

ahead' was given and we saw what appeared to be a bold, dark rock-island.

Immediately our course was shaped to pass near it. Everyone was convinced

that either a new island had been discovered or that the position given for

Dougherty Island was very much in error. It seemed to be a rocky cliff with

a snow cap. Nearer approach, however, proved that the supposed island

was an iceberg, 225 feet high by one-fourth mile long. The light was reflected

from the perpendicular ice-wall in such a way as to give to the berg the

appearance of a huge dark rock. The morning of December 25 found us

within 3 miles of the position given for Dougherty Island. The weather was

cloudy, but the seeing was good. Nothing could bo seen from the masthead.

I went aloft myself every half hour while we were passing the position given

for the island. Had anything over 100 feet high been within 35 miles of the

vessel in any direction we would have seen it. At 3'^ 40'" a. m., December 25,

Dougherty Island should have been 3 miles SE. of us. There was nothing

visible witliin a radius of 35 miles at the time. The island has either been

charted in the wrong place or it has disappeared, or possibly it was an ice-

island. Our experience on December 24 would confirm the possibilities of opti-

cal illusions. The Carnegie's track (see fig. 2) extended from lat. 59° 28' S.,

long. 123° 17' W., to lat. 59° 08' S., long. 110° 10' W.; daylight and good

seeing were had all the time. If anyone else attempts to locate the island, he

should try either 40 miles south or 40 miles north of the charted position.

We assumed the island to be at 59° 21' S., and between 119° 10' W. to 120°

20' W. [Dougherty Island was supposed to have been seen by Capt.

Dougherty in the Jarties Stewart in 1841, who located it approximately in

latitude 59° 20' S. and longitude 120° 20' W. In 1859 Capt. E. Keates in the

Louise sighted an island, assumed to be Dougherty, assigning the position to-

it: 59° 21' S. and 119° 07' W.^j

"December 30 and 31 were the first fine days experienced since our depar-

ture from Lyttelton. In spite of storms, rain, snow, fog, and prevailing cloudy

weather, we succeeded in getting declination observations daily, and averaging

twice daily during the entire trip. This was accomplished by taking advan-

tage of every opportunity and spending considerable time standing by.

Frequently we would make six or more trips to the bridge before being success-

ful. At other times observations would be made during the only 5 or 10

minutes that the Sun wfis visible on the entire day.

"The winds were mainly from the westerly semicircle, north and north-

easterly winds with high and falling barometer, shifting to northwest and

west when the barometer began to rise; rain and mist occurred nearly every

day. Fogs were quite frequent, but not of long duration.

"King Edward Cove, South Georgia, was reached on January 12, at

9'' 30'" a. m., use being made the last 24 hours of our auxiliary power.

"The Carnegie left South Georgia at 7 p. m., January 14, 1916, towed out of

harbor against a heavy head-wind by the steam whaler Fortuna. During the

following days we realized that we were in climatic conditions quite different

from those we had experienced previously. Icebergs appeared in increasing

numbers, and fog was almost continuous. We will long remember January

18 as the only day during the entire trip of 4 months when we failed to obtain

observations of the magnetic declination. The Sun was visible for only 3

seconds during the entire day, giving no opportunity for observations.

"Larger icebergs were seen as we neared Lindsay Island, one looming up

through the fog like a vast extent of dark land with the bright ice-blink

1 See note on p. 297.
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reflected from the fog above it. We encountered an ice-stream where small

pieces were too numerous to dodge.

"On January 22 we passed along the north coast of Lindsay Island about
3 miles off shore, obtaining a good view of this lonely, desolate place, with

its deep mantle of snow and ice, surrounded with the wrecked icebergs that

have come to grief on its shoals. A delegation of 6 penguins came out to

greet us, the only ones seen in this vicinit3^

"The island agrees almost exactly in appearance and outline with the

description and sketch given in the British Admiralty's Africa Pilot, Part II,

1910. It was surveyed by the German Deep Sea Expedition of 1898 in the

Valdivia. They gave the position for its center as latitude 54° 26' S., longi-

tude 3° 24' E. Our observations place its center in latitude 54° 29' S., longi-

tude 3° 27' E., or about 3 miles from the position assigned by the Valdivia.

This is a very close check in position for these regions, and we had no difficulty

in locating the island. When our reckoning had placed it about 10 miles

southeast of the vessel, we were able to locate it in the proper direction by
noting the outline of a snow-covered glacier which appeared motionless

through the shifting rifts in cloud and fog.

"Some authorities have called this island 'Bouvet Island,' thereby causing

a little confusion. H. R. Mill, in his book 'The Siege of the South Pole,'

1905, gives a couple of pages to a description and picture of Lindsay Island,

but names it 'Bouvet,' and gives as its position the latitude and longitude

quoted above from the British Admiralty Pilot as that of Lindsay. Both
books give as their authority the German Deep Sea Expedition of 1898.

The British Admiralty Pilot states that 'In November, 1898, the island

(Bouvet) was searched for unsuccessfully by Captain Krech, of the German
Deep Sea Expedition vessel Valdivia. Its position must, therefore, be con-

sidered uncertain.' We agree with this conclusion since we check so well

the position given by the Valdivia to Lindsay Island.

"Stieler's Hand-Atlas, 1907, publishes a map of Bouvet in a small insert

with its south polar charts. The position given, the coast outline, and
appearance are those of Lindsay Island.

"Did Captains Bouvet and Norris see Lindsay Island or some island that

has never been seen again? They reported it, Captain Bouvet in 1739 and
Captain Norris in 1825, and placed it in latitude 54° 00' S. to 54° 15' S. and
in longitude 4° 30' E. to 5° 00' E., or about 15 miles north and about 50 miles

east of Lindsay. We know that this position is seriously in error, for Cook,
Ross, and Moore searched unsuccessfullj' for this island while on their various

Antarctic cruises.

"After taking bearings of Lindsay Island and such views as the weather

and clouds permitted, we stood east in the hope of sighting Bouvet Island.

Unfortunately, drifting ice, though in small pieces, became so thick that we
thought it best to change our course to the north to avoid delay in this

locality. So disappeared our chance of sighting either Bouvet or Thompson
Islands.

"Shortly after leaving the vicinity of Lindsay Island, it was decided to

stand northward toward the Crozet Islands, so as to cut the isogonic lines at

a greater angle.

"When within 30 miles of the southwest point of Kerguelen Islands, the

weather became unfavorable for making the land, fog set in, and a gale began
to blow, with a rapidly falling barometer. The vessel was immediately^

headed south to avoid outlying dangers and when clear, the course was set

toward Heard Island. The season was advancing, and as a large area

remained to be covered before our return to Port Lyttelton, a delay of a week
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or more in order to land at Kerguelen seemed unwarranted. This was
f'ebruaiy 6, and in the evening a copper box, tightly sealed, containing

abstracts of all results to date, was set adrift on a float. The following was
stamped on the copper box with steel dies: 'IVIail to the Carnegie Institu-

tion, Washington, D. C, U. S. A., from Yacht Carnegie, February G, 1916,'

The float was set adrift at 8 p. m. in latitude 50° 14' S., longitude 68° 19'

E. The only sign of human kind seen during 4 months, except at South
Georgia, was a corpse floating in the open sea, about half way between Heard
and Kerguelen Islands, far from land. This was on February 7, at latitude

51° 12' S., longitude 71° 26' E.

"On February 8 our course was set to the northward to intersect the

Carnegie's track of 1911, and to determine the average annual changes of the

magnetic elements. We made the first intersection in good time, but en-

countered head winds and later a calm, when attempting to make the second

crossing. With the aid of the engine, however, we were able to make the

desired point.

"The average annual changes determined were as follows: 17' in declina-

tion, increasing numerically west values, as opposed to 8' shown on the charts;

— 2' in inclination, increasing, numerically, southerly values, and —0,0007

(c. G. s. units) in horizontal intensity, the value of this element decreasing.

"The brief rest in quiet seas and in warm sunshine was very welcome, but

the season was advancing and we were obliged to turn southward again and
plunge into the dark and stormy regions of the 'roaring forties and furious

fifties,' The stormiest period of the trip awaited us. The heaviest gales

and roughest seas yet encountered were experienced, but the vessel stood the

strain well.

"As the Carnegie proceeded south toward the region of Queen Mary Land,

the chart errors in declination constantly increased until, in the region of

latitude 60° S., longitude 110° E., they reached a maximum of —12° for the

United States and British charts, and of —16° for the German chart, i. e.,

the charts gave values of west declination numerically too small by 12° to 16°.

"On March 23, during magnetic observations in the afternoon, the hori-

zontal intensity ranged from 0,098 to 0,110 c, g. s., indicating a magnetic

disturbance of some kind, possibly a region of local disturbance.

"One iceberg was seen on March 1, the only one encountered since January

28. Owing to the decrease in horizontal intensity and the consequent uncer-

tainty of the compasses, it was decided to turn to the northward on this date,

latitude 59° 24' S. having been reached. A few hours before the time set for

turning northward a south wind sprang up, so it was well that we had planned

to continue no farther in that direction,

"The portion of our route extending into the Australian Bight was accom-

plished without special difficulty, and the latitude of 39° 29' S, was reached,

"Going south again, the Carnegie sailed as far as latitude 57° 25' S,, obtain-

ing the lowest horizontal intensity that we had yet observed at sea, 0,086

c. G. s. Owing to conditions of weather and lateness of season, it was
thought best to head directly for Port Lyttelton, taking into consideration

the fact that we would intersect at good angles all isomagnetic lines on the way.

"The Snares were sighted early on the morning of March 29. They were

almost exactly where we expected to see them, so we knew that our chro-

nometers were giving us nearly correct longitudes, after 4 months of hard

usage and with the wide range in temperature prevailing in the cabin on

account of the heating-stove.
" Observations for intensity and inclination were taken every day regardless

of conditions, even when the vessel was hove to in a hurricane and was being
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tossed about like a chip, and mountainous seas were threatening to break
through the observing domes. Magnetic declinations were observed on all

but one day, during the cruise of four months—a remarkable record, con-
sidering the prevailing conditions of fog, mist, rain, and snow. This record
was made possible only by the constant watchfulness of the entire party and
by taking advantage of every opportunity. Considerable time was spent
in 'standing by,' waiting for a break in the clouds or fog. Frequently only
a small opening in the clouds would be seen approaching the Sun ; then the
vessel would be directed to the proper heading and all observers would be
called to their stations ready to begin observations the moment the Sun
appeared. Often the Sun was not seen again during the day.

"I can not speak too highly of the work done by each and every member of
the party, as to spirit of cooperation and unfaltering zeal in the face of most
trying conditions.

"Gales occurred of force 7 or higher, Beaufort scale, on 52 out of 120 days.
On 26 days the gales were veiy strong, having an estimated force of 9 to 11.

We were overtaken by a continual procession of circular storms, moving
about the south polar continent from west to east, and were invariably caught
in the northern semicircle, as indicated by the barometer changes. A falling

barometer always presaged northerly winds shifting to the northwest and
blowing hard. As the barometer began to rise, the wind shifted to southwest,
blowing a strong gale when the barometer rose rapidly. The temperature of

the sea-water was taken every hour during the entire cruise excepting the
first few days. The air-temperature averaged about 5° C. We had precipita-

tion of some sort, mist, hght rain, fog, rain, hail, or snow, on 100 days out of
the 120 days of the voyage. Fog was recorded on 20 days, and snow 16 days.
"We were in the region where icebergs uiay be encountered for a period of

3^ months, yet saw them on only 24 days, and to the number of only 133, the
largest being 5 miles long, and highest being 400 feet high.

"Upon the return to Port Lyttelton (April 1, 1916), there still remained
2 tanks of fresh water on board and potatoes and onions sufficient for 3 more
weeks.

"The vessel sustained no serious damage during the trip. The metal
fastening of the upper topsail yard broke on Januaiy 4, but the yard was
successfully lashed to the parral and gave us no further trouble. The bronze
rod bob-stay carried away at the forward end on February 24. It was
fished up after some difficulty and secured with a deadeye and lanyard.
Upon examination in the drj^ dock, the vessel's hull was found absolutely clean
and undamaged, only one sheet of copper near the keel requiring renewal."

After a stay at Lyttelton of nearly 7 weeks, during which the shore

observations and instrumental comparisons were repeated at the

Christchurch Magnetic Observatory and the vessel was overhauled

and outfitted, the Carnegie left this port on May 17, 1916, bound for

Pago Pago, Samoa. Light head-winds and calms were encountered,

so the engine was started to gain an offing, running all night. For 5

days the wind held northeast, forcing the vessel well toward the

Chatham Islands. J\Iay 22 was repeated where the one hundred and
eightieth meridian was crossed. On May 23 favorable winds were
encountered for the first time, and for 3 days fair winds were enjoyed.

Then northerly winds and calms made it necessary for the course to be
taken westward near the Kennadec Islands. On June 1 the wind was
again favorable, but thereafter, until arrival at Pago Pago, it was
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necessary to sail close-hauled, with northeast to northwest winds.

Landfall was made with some difficulty on account of the heavy clouds

and squalls hanging over the island. Observations were carried out

as usual during the passage. No observations for magnetic declina-

tion were obtained on May 30 and June 4 on account of clouds. Con-

siderable lightning and thunder attended the squally weather. The
new gooseneck on the upper topsail yard carried away on May 27, and

was replaced with the extra one ordered at Lyttelton. The engine was
operated to get offshore when leaving Lyttelton, to clear Savage Island,

during a calm on June 4, and to enter the harbor of Pago Pago on

June 7. The time of passage was 22 days, with a daily run of 118

miles, for a total of 2,600 miles.

The shore observations having been completed, the Carnegie left

Pago Pago on June 19, under her own power. The engine operated

well, taking the vessel out against a stiff head trade-wind.

The wind was too strong outside to allow making to windward of

Tutuila, so the Carnegie went around the west end. The L^nion Group
was weathered, but the wind broke off to the north of east, compelling

the vessel to go to leeward of the main Phoenix Group. The wind

held north of east, forcing the Carnegie considerably to the westward

of the route planned; however, the crossings of previous tracks were

jnade at the points desired. No storms nor calms were encountered.

The hot weather was very trying, but the party, with two or three

exceptions, kept well. Magnetic declinations were obtained twice

daily with two exceptions. The average difTerence, without regard to

sign, between the results obtained by the two observers at the col-

limating compass was 3' for the 51 determinations. This affords some
evidence as to the character of the weather and conditions encountered.

Port Apra, Guam, was reached on Monday, July 17, 1916. The
total run from Pago Pago was 3,987 miles, giving a daily average of

147 miles for the 27 daj'^s of the trip.

At Port Apra connection was made with the Galilee observations of

1907 and extensive intercomparisons of all instruments were made.

The Carnegie sailed from Port Apra on August 7, bound for San Fran-

cisco, where she arrived on September 21. The track followed was
arranged to cross as frequently as possible the previous tracks of the

Galilee and the Carnegie and to obtain additional magnetic data in

regions most needed. The following quotation is taken from the

Commander's report:

"We left the mooring buoj^ at 1 p. m. on August 7, with our engine running,

and being towed by two powerful steam launches belonging to the beach
master. Shortly after leaving the buoy, about half-way out of the harbor, a
heavy squall came up from ahead and we were unable to make headway
against it. After some difficultj' we returned to the anchorage and dropped
anchor. In the meantime, in response to our signal, the Navy tug Piscataqua

was preparing to take us in tow. As she had moved from her anchorage to

our niooring buoy at 1 p. m., she already had steam up. At 3^ 50"* p. m. we
were safely outside the harbor and on our way.
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"For 7 days we had continuous heavy gales from the southwest, obhging
us to heave to for 2 days in succession, August 9 anci 10. We were thus
driven northward and compelled to follow very closely the Galilee's track
from Guam to Japan, up to the point where our various tracks intersect.

This was the worst spell of bad weather thus far encountered. Since August 17
we have had moderate weather. There have been considerable fog and cloudi-

ness, but we have succeeded in getting observations for declination daily with
four exceptions. The engine has been operated frequentl}^ for a total of 90
hours, during calms and for swinging ship. On August 26 the vessel was swung
for intensity and inclination observations, both helms. On August 27 a declina-

tion-swing was started, but clouds interrupted the work after 5 headings had
been completed. Fog was recorded on 12 days, and rain or mist on 34 days.

"On September 20 we were becalmed off the coast of California, so the
engine was put into operation and we came into San Francisco under our own
power September 21, after a 20-hour run. We were fortunate in picking up
Point Reyes at 1 a. m., before the fog closed clown. From there we crept

through the fog until we heard the light vessel and picked up a pilot, making
the entrance through the fog under our own power. The total distance run
from Guam to San Francisco was 5,937 miles. As the time of passage was
46 days, the average daily run was 129 miles. The chronometers were found
in error only 8?7."

As heretofore, the Carnegie's staff is indebted for special courtesies

shown at the ports visited and for valuable assistance rendered by
various persons and officials.

The ship's personnel, during the period November 1915 to October

1916, was as follows: J. P. Ault, magnetician and in command of

vessel; Dr. H. M. W. Edmonds, magnetician and surgeon, and second

in command; H. F. Johnston (to April 1916), I. A. Luke, F. C. Loring

and B. Jones (from April 1916), observers; N. Meisenhelter, stenog-

rapher-recorder; R. P. Doran (until April 1916), first watch officer; A.

Beech (from April 1916), first watch officer; M, G. R. Savary, engineer;

M. Hedlund and L. Larsen, second and third watch officers, respec-

tively; C. Heckendorn, mechanic; 8 seamen, 2 cooks, and 2 cabin

boys; the complete personnel at any time consisted of 23 persons.

[Before the Carnegie sailed from San Francisco on November 1, 1916,

Observers Luke and Loring were succeeded by Observers A. D. Power
and L. L. Tanguy.]

For an account of the atmospheric-electric work aboard the Carnegie,

see page 332.

It was an interesting circumstance that while the Carnegie was at

San Francisco during October, the Galilee, chartered for the first ocean

magnetic work of the Department, was berthed alongside the same
pier for a week or more. She is now a three-masted schooner, engaged
in the Alaska trade.

Tables 1, 2, and 3 contain a summary of the magnetic declinations

and chart corrections observed on the Carnegie from August 1915 to

September 1916. The chart corrections, in general, do not exceed
2° to 3°, however, for the Carnegie's sub-Antarctic voyage; they

amount to 5° and 6°, and even 12° to 16° off Southwest Australia.
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Table 1.

—

Magnetic declinations arid chart corrections observed on the Carnegie from Dutch
Harbor, Alaska, to Lyttellon, New Zealand, August to November 1915}

Obsei-rem : J. P. Ault, commanding tlie Carnegie; H. M. W. Edmonds, I. A. Luke, H. F. Johnston,
and II. E. Sawyer. Minus sign indicates west declination; plus indicates caul declination

.
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Table 1 .

—

Magnetic declinations and chart corrections observed on the Carnegie from Dutch
Harbor, Alaska, to Lyttelton, New Zealand, August to November 1916—continued.
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Tahle 1.

—

Magnetic declinalions and chart corrections observed on the Carnegie from Dutch
Harbor, Alaska, to Lyllelton, Ncio Zealand, August to November 1915—concluded.
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Table 2.

—

Magnetic declinations and chart corrections observed on the Carnegie from Lyttelion,

New Zealand, to South Georgia, and thence to Lyttelton, December 1915 to April 1916.^

Observers: J. P. Ault, commanding the Carnegie; H. M. W. Edmonds, I. A. Luke, H. F. Johnston,
and F. C. Loring. Minus indicates west declination; plus indicates east declination.
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Table 2.

—

Magnetic declinations and chart corrections observed on the Carnegie from Lyltelton

New Zealand, to South Georgia, thence to Lyltelton, December 1915 to April 1916—cont.
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Table 2.

—

Magnetic declinations and chart corrections observed on the Carnegie from Lyttelton,

New Zealand, to South Georgia, thence to Lyttelton, Dec. 1915 to Apr. 1916—cont.
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Table 2.

—

Magnetic declinations and chart corrections observed on the Carnegie from Lyltelton,

New Zealand, to South Georgia, thence to Lyltelton, Dec. 1916 to Apr. 1916—cont.
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Table 2.

—

Magnetic declinations and chart corrections observed on the Carnegie from Lyttelton

New Zealand, to South Georgia, thence to Lyttelton, Dec. 1916 to Apr. 1916—concluded.
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Table 3.

—

Magnetic declinaliona ami chart corrections observed on the Carnegie from Lyltclton,

New Zealand, to San Francisco, May-September 1916—continued.
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Table 3.

—

Magnetic declinations and chart corrections observed on the Carnegie from
Lyttelton, New Zealand, to San Francisco, May-September, 1916—continued.
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Table 3.

—

Magnetic dedinalioii atid chart corrections observed on the Carnegie from
Lyttellon, New Zealand, to San Francisco, May-September, 1916—concluded.
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towards the Yellow River. He arrived at Paotehchow, on the Yellow

River, November 15. Here the river was crossed into Shensi Province,

and a southerly route followed overland to Sianfu, and thence south-

west to Sungpan, Szechwan, and south to Chengtu, arriving at the

latter place March 2, 1916. From here the survey was extended

westward as far as Yachowfu, the party thence proceeding overland

eastward to Chungking, on the Yangtse, via Kiatingfu. From Chung-
king it was possible to go by boat down the Yangtse River, thus

giving the observer some respite from the continuous travel by cart

and mule-back during the preceding 5 months. Hankow was reached

May 6, and thence Dr. Edmunds proceeded direct to Canton, via

Nanking and Shanghai, arriving at Canton May 19. After attending

to various affairs and duties at the Canton Christian College, of which
Dr. Edmunds is president, he left for Peking, meeting Mr. Brown
there on June 8.

The balance of June 1916 was spent at Peking, Tientsin, and Peh-
taiho attending to correspondence, completion of observation-records,

and consideration of plans for the future work by both Dr. Edmunds
and Mr. Brown. From Peking Dr. Edmunds proceeded west to the

Yellow River, thence south and southeast to Hankow, there closing his

work in connection with the general magnetic survey of China about
the middle of September 1916 and returning to Canton. During the

work as outlined to the west from Peking, Dr. Edmunds was accom-
panied by Mr. H. J. Fairburn as interpreter-companion.

On November 1, 1915, Mr. Brown was at Urga, Mongolia, com-
pleting the necessary arrangements for the trip southward towards

Lanchowfu. He left Urga on November 11, and traveled by camel

caravan approximately in a southwesterly direction to longitude 101°

E. and latitude 45° N. Thence he proceeded southward to Liang-

chowfu \'ia Tingyiianying. In about longitude 104 ?5 E. and lati-

tude 40° N., Mr. Brown heard of a route to Liangchowfu via Chen-
fan; accordingly, leaving the road, he struck southwest with his

party across country, getting into a desert of rocky hills and high

ranges of absolutely smooth sandhills, but finally emerging on the

Kalgan-Kanchow road, and reaching Liangchowfu safely on January

20, 1916. Thence the trip was continued towards Lanchowfu via

Siningfu. From Lanchowfu the valley of the Yellow River was fol-

lowed northeast and east to Kweihwating, the party traveling by camel
caravan to Paotowchen, May 16, 1916, and thereafter by horse and
cart to May 29, when the railroad was reached at Fengchen, and pro-

ceeding by rail to Kalgan and thence to Peking, joining Dr. Edmunds
at the latter place on June 8, 1916.

At Peking a program for the rest of the year was arranged as far as

the uncertain political conditions permitted. It was decided that

Mr. Brown should devote the months of July, August, and September,



316 CARNEGIE INSTITUTION OF WASHINGTON.

to observing throughout Manchuria at points on the various railway

lines. Upon concluding this work, he was to proceed to Chungking

and undertake, if conditions permitted, an extended expedition across

Yunnan into Kwangsi Province. Before setting out on his Man-
churia campaign, Mr. Brown established new stations at Peking and

Tientsin, observed at Lwanchow, Pehtaiho, and Funinghsien, and

reoccupied Shanhaikwan in Chihh Province. At the end of August

he had occupied 21 stations in Manchuria, 2 of which were repeat

stations.

During this period Dr. Edmunds traversed northern Shansi west-

ward from Tatungfu to Hokow on the Yellow River, which he de-

scended to Tungkwanting and thence traveled overland southward to

the basin of the Han River, and down the latter to Hankow, where he

arrived on September 9. From Hankow he proceeded direct to Peking,

thence to Tientsin and Pehtaiho, where he expected to meet Mr.

Brown early in October and arrange for the campaign in western

China. During this trip 19 magnetic stations were occupied.

AUSTRALASIA.

Observer W. C. Parkinson left Sydney, Australia, on October 13,

1915, and during the period October 13 to December 24, 1915, estab-

lished a series of magnetic stations along the coast of British New
Guinea and the outlying islands to the eastward, also occupying a

station at Rabaul, New Britain. He returned to Sydney on Decem-

ber 24, and after securing at the Red Hill Observatory a series of

intercomparisons with Observer H. E. Sawyer's instruments and

attending to various official matters, he left for Lyttelton, New Zea-

land, on February 17, 1916. In consultation with Professor C. C.

Farr, of Canterbury College, and Mr. H. F. Skey, director of the

Christchurch Magnetic Observatory, a program of 11 stations in New
Zealand was arranged for and carried out during March and April.

During April and May Mr. Parkinson assisted Captain Ault in the

work of the Carnegie at Lyttelton, New Zealand, besides completing

the computations of his own observations. On May 10, 1916, Mr.

Parkinson left Lyttelton for Perth, Western Australia, taking a short

vacation en route at Sydney. He arrived in Perth on June 8, and

took up the work in connection with the examination of suitable sites

in southwestern Australia for the Department's proposed magnetic

observatory. On August 2, 1916, Magnetician W. F. WaUis arrived

at Perth, and since that date Mr. Parkinson has been a member of his

observatory party. As the result of examinations of various sites, a

location for the magnetic observatory was chosen by Mr. WaUis near

Marchagee, about 150 miles north of Perth, Australia.

Observer H. E. Sawyer was detached from sea duty aboard the

Carnegie at Lyttelton, New Zealand, on December 6, 1915, in order to
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take up land-survey work in Africa. During December he occupied

stations at New Brighton and Cass, and made intercomparison obser-

vations at the Christchurch Magnetic Observatory, New Zealand.

Mr. Sawyer took a short vacation between December 25, 1915, and

January 5, 1916, and then sailed on January 6 from WeUington for

Sydney, Austraha. At Sydney he secured at the Red Hill Observa-

tory an intercomparison of instruments with those of Observer W. C.

Parkinson. On February 19, Mr. Sawyer had completed all arrange-

ments necessary at Sydney and sailed for Durban, South Africa (see

page 314).

SOUTH AMERICA.

On September 30, 1916, Observers D. M. Wise and A. Sterling left

New York bound for South America via the Panama Canal. After re-

occupying, en route, our magnetic stations at Havana and Colon,

the party made magnetic observations at various stations in Ecuador.

The purpose of this trip, in addition to securing magnetic observations

at points in various countries of South America, is to determine a

suitable location for a magnetic observatory. The party is in charge

of Mr. Wise.
MISCELLANEOUS WORK.

On May 17, 1916, Observer H. F. Johnston was relieved of ocean

work aboard the Carnegie at Lyttelton, New Zealand. He proceeded

to the island of Tahiti, where he made the observations required

for the examination of the island as to a suitable site for a possible

magnetic observatory ; magnetic observations were made at 10 stations

on the island of Tahiti and on the outlying coral islets. The region

was found, in general, to be subject to local magnetic disturbance.

Mr. Johnston sailed for San Francisco on July 2, 1916, and on arrival

there reoccupied the magnetic stations of the Department at Goat

Island and San Rafael, as also at San Diego. He reported at the

office in Washington on August 7, 1916.

Special attention has been paid during the past year to securing

additional comparisons between the magnetic standards of various

services and ours and to the adequate control of instrumental con-

stants. Besides frequent intercomparisons of our own instruments,

both at Washington and in the field, the following comparisons with

the standards of foreign observatories have been obtained since August

1915: (1) In Great Britain by E. Kidson, at Kew, Greenwich, Stony-

hurst, and Eskdalemuir, August to October 1915; (2) at Washington

during November and December 1915, with the standards of the

Dominion Astronomical Observatory of Canada (Observer C. A.

French) and with those of the Canadian Meteorological Service

(Observer W. E. W. Jackson)
; (3) at Christchurch Magnetic Obser-

vatory by the Carnegie observing party in November 1915, and again

in April-May 1916.
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These comparisons have given additional data for the correlation of

magnetic observations made by the various magnetic services.

Special observations for 5 magnetometers were made at Washington

under Mr. Fleming's supervision, to detennine with greater accuracy

the moments of inertia of magnets with their suspension arrangements,

2 to 4 inertia bars being used for each instrument. The results show
desired improvement. To obtain satisfactory values it was found

necessary to make not less than 12 determinations of the moment of

inertia with each inertia bar. In general the results of these investiga-

tions indicate that, when magnets and stiriiips are carefully protected

against oxidation and wear, as is the case of the Department's instru-

ments, there is little or no change in the moments of inertia during

field-work. The one notable exception was magnetometer 19, for

which the observations indicate clearly a time-linear decrease between

June 1912 and February 1916, of about 0.3 per cent in the moment of

inertia. The linear change with time is confirmed by the excellent

agreement in the corrections on International Magnetic Standard,

determined on different dates at Washington, preceding and following

the field-work, when corrections for the change were appUed.

The investigations of possible changes in the values of the distribu-

tion coefficients for different instruments were continued. In general,

although the accidental errors of determination are large, the indica-

tions are that the coefficients may be considered practically constant

while the instruments are in active use, certainly for periods as long

as 2 or 3 years. It is found that, in spite of utmost care used in mak-
ing magnets, the coefficients do not agree with theoretical values

derived from the formula? involving the relative dimensions of long

and short magnets. The various underlying causes for the discrepan-

cies are under investigation.

ABSTRACTS OF PUBLICATIONS AND CONTRIBUTIONS TO
SCIENTIFIC SOCIETIES.

List of publications of the Department of Terrestrial Magnetism of the Carnegie Institution

of Washington. July 1, 1916. 8°, pp. 16.

This is the first complete list of publications and contributions to scientific

societies by members and associates of the Department of Terrestrial Mag-
netism, from the year (1904) of the establishment of the Department to July

1, 1916. It is divided into three parts: (A) Papers and Contributions to

Scientific Societies 1904-1916, 176 titles; (B) Annual Reports of the Director

of the Department of Terrestrial Magnetism, 1904-1915, 12 titles; and (C)

Major Publications, 1912-1916, 3 titles. It is proposed to issue a second

edition early in 1917, in order to make the Ust complete to the end of 1916.

Cross-references and brief explanatory remarks are added to the various

titles, whenever necessaiy, for facilitating the use of the list.

Magnetic declinations and chart corrections obtained by the Carnegie from Dutch Harbor,

Alaska, to Lyttelton, New Zeland, August-November 1915. J. P. Ault. Terr.

Mag., vol. 21, 15-18 (Mar. 1916). Washington.
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Cruise of the Carnegie from Lyttelton, New Zealand, to South Georgia, December G, 1915,

to January 12, 1916. J. P. Ault. Terr. Mag., vol. 21, 2&-27 (Mar. 1916).

Washington.

Cruise of the Carnegie from South Georgia to Lyttelton, New Zealand, January 14 to April 1,

1916. J. P. Ault. Terr. Mag., vol. 21, 103-106 (June 1916). Washington.

Magnetic decUnations and chart corrections observed on the Carnegie from Lyttelton,

New Zealand, to South Georgia, and thence to Lj^ttelton and Pago Pago, Decem-
ber 1915-June 1916. J. P. Ault. Terr. Mag., vol. 21, 109-116 (Sept. 1916).

Washington.

These four papers by J. P. Ault, in command of the Carnegie, pertain to

observations made aboard the vessel, 1915-16, and to experiences encountered
on a circumnavigation voyage in the sub-Antarctic regions, December 6, 1915,

to April 1, 1916. (See pages 297-314.)

Status of magnetic surveys in South America by the Carnegie Institution of Washington.

L. A. Bauer. (Abstract of paper presented before Section II, Second Pan-
American Scientific Congress at Washington, December 28, 1915; printed by the

Congress.)

In response to the invitation received through the secretary-general of the

Second JPan American Congress, the author presented before Section II of

the Congress a summary of the work of the chief magnetic surveys conducted
in South America, chiefly during 1908 to 1915, by the Department of Terres-

trial Magnetism of the Carnegie Institution of Washington. Ten separate

expeditions have been sent out, the stations at which the magnetic observa-

tions were made numbering 493. About 10 per cent of this number are

repeat stations; that is, stations at which observations have been made in

various years, either by others or by the Department of Terrestrial Mag-
netism. Thus, magnetic data for determining both the distribution of the

magnetic elements, and their changes from time to time are obtained.

Every country in South America is represented in the list of stations,

though the number of stations in the different countries varies considerably.

Thanks to the very cordial cooperation being received from every organiza-

tion in South America engaged in securing magnetic data, it has been j^ossible

to cany out effectively the published plan. This plan is not to duplicate

but to supplement the work being done well by other organizations, so as to

complete in the most expeditious manner possible the task of a general mag-
netic survey of the Earth.

The magnetic stations of the Carnegie Institution of Washington are

densest in countries of South America not possessing a magnetic service.

In the two countries, Argentina and Brazil, which are actively carrjdng on
magnetic surveys, the Institution's work could be restricted in extent.

A special point, however, has been made of obtaining, at various times,

comparisons of the Institution's magnetic standards with those of the other

countries. In this way it has become possible to reduce all the recent mag-
netic data in South America to the same set of standards, with a degree of

accuracy sufficient for both theoretical and practical purposes.

Some of the Institution's magnetic expeditions have been geographic

achievements as well as contributions to the advancement of knowledge of

the Earth's magnetism. In addition to the three magnetic elements (the

magnetic declination, the magnetic inclination, and the intensity of the mag-
netic force), the parties obtain the geographic position of their stations with

an accuracy commensurate wdth the purpose, as well as general geographic

information.
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A brief synopsis of the chief expeditions, 1908 to 1915, was given. The
results and descriptions of stations up to 1913, inclusive, have been pub-
lished in two volumes, issued by the Carnegie Institution of Washington.^

The subsequent data are now being reduced, and it is hoped the volume to

contain them can appear in 1917.

The next step will be to refer all the observations to the same date by
means of the data obtained at the repeat stations and at the magnetic observ-

vatories, of which, alas, there are too few in South America. Argentina and
Brazil are the only countries at present in which such observatories are being

maintained.

The construction of new magnetic charts for the entire globe, as based

upon the data accumulated since 1905, is in progress.

Throughout the entire work in South America every assistance possible

has been rendered in the furtherance of the Institution's magnetic work by
the various South American Governments, and by private individuals who
became interested in the work of the Department of Terrestrial Magnetism.
For this invaluable cooperation, grateful acknowledgment is here made.

Concomitant changes in terrestrial magnetism and solar radiation. L. A. Bauer. Proc.

Nat. Acad. Sci., vol. 2, 24-27 (Jan. 1916). Washington.

An abstract of a paper presented before the National Academy of Sciences

at the New York meeting, November 17, 1915 (see abstract, "Solar radiation

and terrestrial magnetism," page 330, Annual Report for 1915 published in

Year Book No. 14).

Corresponding changes in the Earth's magnetic field and the solar radiation. L. A. Bauer.

(Presented before the Philosophical Society of Wasliington, January 22, 1916.)

Investigations with the aid of more recent solar and magnetic data have
confirmed the author's preliminary conclusions of 1914 and 1915.^ It is

again found in the majority of cases (about 80 per cent), that increased

intensity of solar radiation, as shown by changes in solar-constant values

possessing the accuracy of those of the Smithsonian Institution, is accom-
panied by an appreciable decrease in the constant used as a measure of the

intensity of the Earth's magnetic field. While the magnetic effect, observed

on the average, is such as accompanies the heating of a magnet, it is, appar-

ently, not to be referred to such a cause. A preliminary examination of the

magnetic effects in different parts of the Earth indicates that the seat of the

system of forces causing the effects is not within the Earth itself, but in the

regions above us.

In conclusion, it was pointed out that, from the standpoint of terrestrial

magnetism, observations dependent solely upon the thermal energy of solar

radiation can not be given any greater significance than that they may indi-

cate some change in solar activity. Thus changes in the solar constant may
not be regarded as a true or adequate measure of the various ionizing agencies

(ultra-violet light, corpuscular radiations, electrons impinging upon our

atmosphere, etc.) which are, at present, believed to be ultimately the cause

of the magnetic effects. To the pyrheliometer, the bolometer, and meteor-

ological appliances, must be added the magnetic needle, if we wish to get as

complete a representation as possible of the many and different effects attrib-

utable to our Sun, directly or indirectly.

'Land Magnetic Observations, 1905-1910, bj' L. A. Bauer; Land Magnetic Observation-i,

1911-1913, and Reports on Special Researches, by L. A. Bauer and J. A. Fleming.

'Published in Terr. Mag., vol. 19, 119-124, 1915, and vol. 20, 143-158, 1916.
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On possible planetary magnetic effects. L. A. Bauer. Physical Rev., ser. 2, vol. 7, 500
(April 1916). Lancaster, Pa. (Abstract of paper presented at the New York
meeting of the American Physical Society on February 26, 1916.)

The question of the existence of cosmical effects arising from possible

planetary magnetic fields is engaging the attention of various investigators,

especially of astronomers. For example, it has been known for 30 years or

more that there are certain irregularities in the motions of the Moon too

large to be accounted for by any possible outstanding gravitation effects.

Similar irregularities are shown by the motions of Mercury, Venus, and the

Earth. It therefore becomes a matter of interest to ascertain, if possible,

whether these irregularities in the motions of astronomical bodies can be
associated, in any way, with magnetic effects. Accordingly, as a first step,

a formula has been theoretically established for determining the field strengt.h

of possible magnetic fields enveloping the members of our solar system for

which certain requisite constants are known.
Let Me represent the strength of the Earth's magnetic field at its poles,

namely, about 0.65 of a c. g. s. unit, and let oje, Ve, de, ge represent, respec-

tively, the Earth's angular velocity of rotation, mean radius, mean density,

and gravity at the surface. Give similar significance to the quantities

Ma, coq, Ta, da, Qa for any rotating astronomical body (a). Then we may have
approximately: Ma : Me = (wa rl da) : (co« r'g de) = (coa fa go) : (we re ge). If,

for example, the astronomical body (a) is the Sun (S), there is obtained a
field strength (Ms), for the Sun's possible period of rotation as a whole,

which agrees within about 10 percent of Hale's provisional value (SOMe).
For the planets Mars, Jupiter, and Saturn, whose angular velocity of

rotation is known, we get: Mm= 0.2 Me', Mj = 68 Me; ilf, = 24Me. It thus
appears that, on the hypothesis made, Jupiter, Saturn, and probably also

Uranus and Neptune, may be enveloped by stronger magnetic fields than is

the Earth. Jupiter's field may even approach in strength that of the Sun.
In conclusion, the possible bearing was pointed out on the vexed outstanding
question as to the precise cosmic conditions which determine the period

and direction of rotation of a member of the solar system. (See pp. 291-292.)

The work done by the United States Coast and Geodetic Survey in the field of terrestrial

magnetism. L. A. Bauer. Pubhshed in "Centennial Celebration of the United
States Coast and Geodetic Survey," 1916, Washington. (One of the addresses in

connection with the Centennial Exercises of the United States Coast and Geodetic

Survey, April 5 and 6, 1916.)

In 1856 the number of stations at which the magnetic elements had been
determined in the United States was about 160, distributed chiefly along
the sea-coast. That was the status of the magnetic work of the Coast Survey
six decades ago. At the close of 1915 the stations at which the magnetic
elements have been completely determined by the survey number, in the

United States proper, about 5,()00, and about 500 in the outlying possessions.

They are now found to be more regularly distributed over the large regions

covered. About 80 per cent of the total number of stations have been occu-
pied during the period 1899 to 1915 and at about 10 per cent the observations
have been repeated, from time to time, in order to determine the changes
ever going on in the Earth's magnetism. In addition, magnetic data at sea

have been accumulated, as opportunity afforded, on cruises of Coast Survey
vessels; a number of magnetic observatories (5 at present), where the count-
less fluctuations of the Earth's magnetism are being continuously recorded,

have been operated; invaluable compilations of all available magnetic data
in the United States and contiguous countries have been made; the instru-
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mcnts used have been improved from time to time; about 150 magnetic pub-

lications and a large number of magnetic charts of various kinds have been

issued.^ It may, therefore, be said that the contributions of the Coast and
Geodetic Survey to the advancement of our knowledge in terrestrial mag-
netism have been unexcelled by any other national organization.

From the earliest days of the Survey, magnetic obsei-vations were con-

sidered a legitimate and useful part of its work. In 1899 an enlarged annual

appropriation of $25,000 (about ten times the average annual amount pre-

viously allotted), made it possible to carrj' out a magnetic survey of the

whole United States on a more systematic basis and with greater expedition

than had theretofore been possible. The plan adopted for the reorganized

magnetic work of the Survey, on the basis of which the increased appropria-

tion was made, was that submitted by L. A. Bauer in March 1899, at the

request of the then Superintendent, H. S. Pritchett, who established on

May 1, 1899, a new division, known as the Division of Terrestrial Magnetism.
The chiefs of this Division have been: L. A. Bauer, 1899-1906; R. L. Faris,

1906-1915; and A. Braid, 1915-16. The present chief is D. L. Hazard, who
was connected with the Division as computer from the date of its establish-

ment. During the period 1900 to 1903, five magnetic observatories were

established, in connection with which effective and skillful aid was rendered

by J. A. Fleming, then aid in the Survey, now a member of the Department
of Terrestrial Magnetism.
The year 1903 marks the inauguration of systematic magnetic observa-

tions at sea on the Survey vessels. During a trip made by L. A. Bauer, as

inspector of magnetic work, from Baltimore to Porto Rico, on the Blake, then

in command of Captain R. L. Faris, the present assistant superintendent,

magnetic obsei-vations, comprising the magnetic declination, the dip, and the

intensity of the magnetic force, were made daily at sea with the aid of newly

installed instrumental appliances. This experience, as well as that later

obtained in the conduct of the work, assisted L. A. Bauer in no small measure

in the inauguration of the magnetic survey of all the oceans under the auspices

of the Carnegie Institution of Washington.
In conclusion, the chief results were set forth respecting the secular changes

of the magnetic elements in the United States. For no land area of similar

size can the secular changes of the Earth's magnetism be so comprehensively

and so accuratelj^ investigated as for the United States. This is in view of

the circumstance that the magnetic survey of the United States has been

going on with unbroken continuity for well-nigh three-quarters of a century,

and not at irregular intervals, as has been the case in other countries.

Relation between changes in solar activity and the Earth's magnetic activity, 1902 to 1914.

L. A. Bauer. Science, n. s., vol. 43, 724 (May 19, 1916). New York. (Abstract

of paper presented before the American Philosophical Society, Philadelphia, April

14, 1916.)

No criterion of solar activity, whether it be the spottedness of the Sun or

the faculse, prominences, or calcium flocculi, has been found to synchronize

j-trecisely with any quantity used as an index of the Earth's magnetic activity.

Thus, for example, the maximum magnetic activity in 1892 preceded the

maximum sun-spot activity of that period by a year. So, again, the recent

minimum magnetic activity of the Earth seems to have occurred in 1912,

whereas the minimum sun-spot activity did not take place until 1913, or a

year later.

'Nearly one-third of the publication.s have appeared during the period 1899-191.').
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Then, again, the amount of magnetic activity is not necessarily commensu-
rate with that of solar activity, whatever measure of the latter be used. When
the comparisons between the solar data and magnetic data are made for

intervals of less than a year, a month for example, as was done in the author's

1909 paper^, the lack of exact synchronism and the lack of proportionality

between the two sets of changes become especially noticeable.

Fortunately, beginning with 1905, we have a new set of figures, the values

of the solar constant, determined with high precision at Mount Wilson, Cali-

fornia, by Dr. Abbot. Remarkable fluctuations are shown in these values,

amounting at times to 10 per cent of the value. The present paper made a
comparison between the annual changes in the values of the solar constant

for the period 1905 to 1914 with the irregularities in the annual changes of

the Earth's magnetic constant. It is found that the two sets of data, in

general, show similar fluctuations. Also, a closer correspondence is found
between these two sets of changes than between either set and that of sun-

spot frequencies. In brief, the solar-constant values furnish another index

of changes in solar activity which may be usefully studied in connection with

minor fluctuations in the Earth's magnetism.
In conclusion, it was pointed out why none of the mentioned criteria of

solar activity can be used as an adequate measure of the various ionizing

agencies ultimately responsible, according to present belief, for the magnetic
changes recorded on the Earth.

Our Earth a great magnet. L. A. Bauer. Joiu-n. Frank. Inst., vol. 181, 601-628 (May 1916)

Philadelphia.

This was the annual lecture of the Carnegie Institution of Washington for

1915, being given before the Trustees and their guests at Washington on
December 9, 1915. Although three centuries have elapsed since Gilbert in

his famous treatise on the magnet, published in 1600, declared "the terrestrial

globe itself is a great magnet," the only improvement which we might make
would be to say: If the Earth is not a magnet, it certainly acts like one.

Since every magnet is surrounded by the so-called magnetic lines of force,

then, since the Earth acts at least like a magnet, it also must be similarly

enveloped. It is the object of magnetic surveys to map out these lines of

force of the Earth. The Earth's magnetic poles are, on the average, 1,200

miles and more distant from the Earth's true or geographic poles, and they
are not even on opposite sides of the Earth. If a straight line were drawn
through the Earth's magnetic poles, it would not pass through the Earth's

center, but be 750 miles away from it. Owing to the complexity of the

Earth's magnetization, the compass does not point exactly north and south,

except at very few places. Furthermore, the compass is continually changing

its direction, by amounts which make it necessary to issue new magnetic
charts for the use of mariners at intervals preferably not over 5 years. There
is thus made apparent not only the need of magnetic surveys, but, likewise,

the repetition, from time to time.

The extensive magnetic-survey work conducted by the Carnegie Institu-

tion of Washington, through its Department of Terrestrial Magnetism, on
land and at sea, was next described, and the various operations were illus-

trated by showing lantern-slides and motion pictures taken on the Carnegie's

cruise in 1915 from Brooklyn to Panama.
The belief is becoming current that every rotating member of the solar

system is surrounded by a magnetic field, and astronomers are much interested

at present in ascertaining whether outstanding astronomical motions which

iSee Terr. Mag., vol. 19, 116-119, 1914.
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can not be explained by gravitation forces may not have to be ascribed to

interacting planetary magnetic effects. It is thus seen that the problems of

the Earth's magnetism, or of magnetism in general, lead to the very outer
boundaries of human knowledge. They may play an important part in the
solution of questions of a fundamental nature. (See pp. 321 and 330.)

Note on rotation periods of planets. L. A. Bauer. (Read before meeting of American
Astronomical Society at Swarthmore, August 31, 1916.)

If magnetic fields result from the fact that the bodies which they envelop
rotate about certain axes, the question of the rotation-periods of planets and
the direction of rotation, becomes one of interest to the student of cosmical

magnetism. Unfortunately, only in the case of half of the planets, namely,
the Earth, Mars, Jupiter and Saturn, is the period of rotation and the direc-

tion of rotation definitely known.
In putting together all known facts regarding the planets, it was noticed

that for the four named the product of the angular velocity of rotation, co,

into the orbital velocity of the planet about the Sun, v, hence cov, was a con-

stant quantity within about 14 per cent of its mean value. Thus taking
u}V as unity for the Earth, we have for Mars 0.80, for Jupiter 1.05, and for

Saturn 0.76; the mean value for the four planets is 0.90.

On the results of some magnetic observations during the solar ecUpse of August 21, 1914.

L. A. Bauer and H. W. Fisk. Terr. Mag., vol. 21, 57-86 (.June 1916). Wash-
ington.

This is a compilation and discussion of observations made by and in coop-
eration with the Department of Terrestrial Magnetism respecting a possible

magnetic effect during the time of the solar eclipse of August 21, 1914. In
accordance with L. A. Bauer's circular letter of June 23, 1914, magnetic and
allied observations were made at 23 stations distributed over the Earth, the

results of which are tabulated in this paper.

A preliminarj" review of the magnetic results is next given. Confining
chief attention to the stations nearest the belt of totality, the following con-

clusion is drawn

:

"There appears to be good reason for believing that an observable mag-
netic effect occurred during the time of the solar eclipse of August 21, 1914,

at stations within the region of visibility, the effect being larger for stations

near the belt of totality than for those farther away."
A diagram showed the magnetic-declination changes at Eskdalemuir,

Stonyhurst, Kew, and Rude Skov, August 21, 1914. A bay occurred at each
of these stations a few minutes before the time of maximum obscuration.

As the result of this bay, the customary progression of the compass needle

towards a westerly extreme was interrupted, and a retrograde movement
occurred which continued for some time. Of the four stations, the bay was
most developed at Rude Skov (Denmark), the nearest one, of the present list

of stations, to the belt of totality. The total range of this minor oscillation

was at Rude Skov, about 2', or the amplitude was 1', which is the order of

magnitude of similar oscillations observed at some previous eclipses.^

The Greenwich mean time of the lowest point of the bay occurred later

and later in passing fiom Eskdalemuir to Rude Skov, and approximately,

according to the same rate that the phase of maximum obscuration progressed

from station to station. The occurrence of a magnetic effect at various

stations, not at the same absolute time nor at the same local time, but related

in some manner to the rate of progress of the shadow cone, may have to be
regarded as one of the chief characteristics of a possible eclipse effect.^ This

»See, L. A. Bauer's articles in Tor. Mag., vol. 5. 14:5-10.5, 1900, and vol. 7, 155-102, 1902.
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fact serves to differentiate an eclipse magnetic effect from a general, or terres-

trial, effect such as might be associated with sun-spot activity. The difference

in Greenwich mean time for the average of the three observatories in Great
Britain and the Danish Observatory is 18™, and is in the same direction as

the difference in time of the phase of maximum obscuration of the eclipse.

The difference in local mean time is l** IG"". When data from stations within

the totality belt are available, the difference in time of the magnetic effect

may be further investigated.

The declination bay is not found developed in the same manner at stations

outside the zone of visibility of the eclipse. This fact leads to the presumption
that it was not an effect due to the disturbance of the magnetic state of the

entire Earth, but was more or less restricted approximately to the region in

which the eclipse was visible.

The subject of a possible eclipse magnetic effect is of sufficient theoretical

importance to merit further careful investigation. It is hoped that advantage
may be taken of the next favorable opportunity, which will occur in the

United States during the total solar eclipse of June 8, 1918.

[Since the publication of the results described above, the magnetic observations, made
during the solar ecUpse of August 21, 1914, at the magnetic observatory, De Bilt, Holland,

have been received, and the declinations confirm the progression in the times when the

marked bay occurred. The lowest part of the bay was at De Bilt at 12'i 09™ Greenwich
mean time, thus falling between the times for Kew (12"" 01^) and Rude Skov (12'» 15™),

in accordance with the respective times of maximum obsciu"ation at the three stations.]

Researches of the Department of Terrestrial Magnetism (vol. in): Ocean magnetic obser-

vations, 1905-1916, and reports on special researches. L. A. Bauer, W. J. Peters,

J. A. Fleming, J. P. Ault, and W. F. G. Swann. Quarto. Carnegie Institution of

Washington Publication No. 175 (vol. iii). 1916.

This volume presents the final results of all magnetic observations made
at sea, on the chartered vessel, the Galilee, 1905 to 1908, and on the specially

constructed vessel, the Carnegie, 1909 to 1914, as also the results of the shore

magnetic observations made in connection with the work of the two vessels.

Furthermore there are given the preliminary results of the magnetic obser-

vations made on the Carnegie, 1915-1916 (September). The "Tables of

Results" contain the values of the magnetic declination, the inclination,

and the horizontal intensity of the Earth's magnetic field. For the Galilee

ocean-work there are 443 stations and for the Carnegie 2,807, making a total

for the two vessels of 3,250 stations.

After a general introduction and a brief account of previous ocean mag-
netic surveys, the magnetic work of each vessel is treated separately. The
headings of the main chapters or sections for the Galilee work are : General
remarks and description of the Galilee; synopses of the Galilee's cruises,

1905-1908; methods of work on the Galilee; magnetic instruments and list of

instruments used in the Galilee work; specimens of observations and of com-
putations (during swing of vessel and on course); shore magnetic work;
determination of geographic position at sea; reduction formulae and deter-

mination of constants; ship constants and deviation coefficients; specimen
computations of deviation-coefficients; ocean magnetic observations on the

Galilee and tables of results, 1905 to 1908; shore magnetic observations for

the Galilee work, 1905 to 1908; extracts from Director's instructions for

cruises and observational work; extracts from commander's field reports and
abstracts of the log of the Galilee ; discussion of alidade corrections for stand-

ard compass; and auxiliary observations.
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The section headings for the Carnegie works are in general the same, except
that, since the Carnegie is a non-magnetic vessel, the sections dealing with
the determination and discussion of deviation corrections are omitted. The
construction of the Carnegie in 1909 is described and illustrated. The
synopses of cruises are for the period 1909-1916 (September).

A special feature of the Carnegie work is the full account of the new instru-

ments devised bj" various members of the Department of Terrestrial Mag-
netism, and constructed in the Department's instrument-shop. Thus there

are descriptions and illustrations of the marine collimating-compass for mag-
netic declination, the sea deflector for horizontal intensity and declination,

the sea dip-circle for inclination and total intensity, the marine earth-inductor

for inclination, and a reversible gimbal stand. The descriptions also give

the scheme or method of observation with each instrument.

The section on geographic position at sea is given special treatment under
the Carnegie work, and specimens of observations and computations are added.
A brief account is given also of special investigations, fuller publication

being reserved for a future volume. The tests made from time to time
showed the absence, for the Carnegie, of any deviation corrections large

enough to require being considered. A general statement, accompanied by
diagrams, is made regarding the extent and character of the corrections

which the existing magnetic charts require in order to make them conform
to the observations on the Galilee and the Carnegie.

Under extracts from the commander's field reports are found, among other

matters, notes on the occurrence of thunder at sea as observed on the Carnegie's

cruise, 1915-1916, and an account of the Carnegie's sub-Antarctic voyage,
1915-1916. The special reports deal with the results of the atmospheric-

electric work on board the Galilee, 1907-1908, and on the Carnegie, 1909-1916
(April) and contain some discussions concerning magnetic chart corrections

and secular variations of the magnetic elements.

Results of atmospheric-electric obsen^ations made aboard the Galilee (1907-1908) and the

Carnegie (1909-1916). L. A. Bauer and W. F. G. Swann. (One of the "Reports

on Special Researches "contained in "Ocean Magnetic Observations," 1905-1916.)

The paper commences with an Introduction by L. A. Bauer, in which are

summarized the considerations which govern in determining the extent of the

program of scientific work possible aboard such vessels as the Carnegie and
Galilee. The importance of speedy reduction and discussion of accumulated
scientific data is emphasized, so that information as to the direction in which
the observations are leading may follow closely upon the observations them-
selves. References are cited showing that the pioneer investigators in atmos-
pheric electricity strongly urged the foundation of a world-wide atmospheric-
electric survey, especially when such could be undertaken in conjunction with

a magnetic sui'vey. The Introduction concludes with a brief historical sketch

of the development of the atmospheric-electric work of the Department of

Terrestrial Magnetism.
Next is given a compilation of the main atmospheric-electric results obtained

at sea by the Department since 1907, as based on the field reports. The
details of the work up to the end of the Carnegie's third cruise in 1914 have
already been published in various papers in the Journal of Terrestrial Mag-
netism and Atmospheric Electricity, and abstracts have appeared in previous

annual reports.

A greatly increased program of atmospheric-electric work was undertaken
on the Carnegie's fourth cruise (1915-1916), and the paper contains a full
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account and discussion by W. F. G. Swann of the results obtained on this

cruise. The general account of the atmospheric-electric equipment and of

the methods of measurement employed is sufficiently covered in the abstract
of W. F. G. Swann's paper "The atmospheric-electric work of the Depart-
ment of Terrestrial Magnetism," given on pages 334-337 of the 1915 Annual
Report published in Year Book No. 14. (For details of cruise, see pages
317-318 of the same report and pages 294-303 of present report.)

The observations from New York to Colon were made by S. J. Mauchly
and H. F. Johnston. From Balboa (April 12, 1915) until the return of the
vessel to Lyttelton, New Zealand, on April 1, 1916, after her sub-Antarctic
voyage, they were made by Observers H. F. Johnston and I. A. Luke, and
thereafter Observers B. Jones and I. A. Luke carried on the work. The
following are the atmospheric-electric quantities measured : (1) The potential-

gradient X; (2) the conductivities (X+ and X_) arising from the positive and
negative ions; (3) the numbers (n+ and n_) of positive and negative ions per
cubic centimeter; (4) the number (R) of pairs of ions produced per cubic
centimeter per second in a closed vessel; (5) the radioactive content of the
atmosphere; and (6) the radioactive content of the sea-water.

Table 4.

—

Mean values of atmospheric-electric elements, uncorrected for diurnal variation.

Leg oi cruise.
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Caribbean Sea, and the remainder just to the north of the West Indies.

They thus correspond to a region of the sea near to land, and while they are

in harmony Avith the results of former ocean observations in indicating excep-

tionally small values for the conductivity and ionic content in such regions,

they are not to be taken as typically representative of ocean values.

Table 5 shows the observations grouped according to the scheme indicated

in the first column of the table. The values of n+, n_, X-f-, X_, X, and i

are here reduced to daily mean values with the aid of the diurnal-variation

results obtained throughout the cruise, and on the basis of the rough assump-
tion that the diurnal variations of n_, X^-, and X_, are the same as that of

n+. It was further assumed that the mean diurnal-variation curves for the

whole cruise are sufficiently appropriate ones to use for the purposes of the

reductions. R showed no diurnal variation, and so needed no reduction.

Except in the case of the radioactive content, there is a very close agreement

T.\BLE 5.

—

Mean values of almospheric-electric elements, corrected for diurnal variation.

Ocean.
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greater than the land values and are, moreover, more nearly equal to each
other, and to the values obtained in laboratory experiments made with dust-

free air. This result is what might be expected in view of the purity of the
ocean air. The values of R (see table 5) show a remarkable constancy, and
are in good agreement with the results of Simpson and Wright, who found
values of this quantity in the south Atlantic and south Indian Oceans ranging
from 4 to 6,

The mean value of the radium-emanation content for the whole cruise

forms only about 2 per cent of the average value found over the land, and is

far too small to contribute in any marked degree to the ionization over the

ocean. It is, nevertheless, of interest to remark that the difference between
the radium-emanation contents for the Pacific and sub-Antarctic Oceans is

in the right direction, and of the right order of magnitude, to account for the

slight difference in the ionic contents observed over these oceans. The
emanation content, though small, shows, throughout the cruise, a very
decided variation with the distance from land and with the wind direction,

the variation being of the type to be expected on the view that the land is

the primary source of the emanation.
In order to explain the ionic content over the ocean it is necessary to account

for a rate of production of about 1.6 ions per cubic centimeter per second.

The source responsible for the ionization in a closed vessel is amply sufficient

to provide for the necessary rate of production of ions, if we are justified in

attributing an appreciable fraction of this ionization to causes other than
the vessel itself. The radioactive material in the soil and in the air over the
land are, however, sufficient to account for a rate of production of 4.5 ions

per cubic centimeter per second, so that the main difficulty resulting from a
comparison of the ionic densities over land and sea is to be found not so

much in accounting for the latter as in accounting for the fact that the

ionization over land is not much greater than that over the sea. It would
seem that the explanation of the difficulty must be sought in the slowly

moving ions (large ions) formed by the union of the so-called small ions with
dust nuclei. The large ions are not measured by the ion-counter, but they
have to be maintained, since they are continually suffering recombinations.

It turns out that, if we assume the number of large ions over the ocean to be
insignificant, it is necessary to assume for the land a number of large ions

per cubic centimeter about equal to the number of small ions per cubic centi-

meter in order to account for the fact that the measured ionic density over
the land is no greater than that over the sea.

The potential-gradient shows a distinct diurnal variation, and the mean
diurnal variation curve for the whole cruise gives minima about 5 a. m. and
3 p. m., and maxima about 9 a. m. and midnight. These results are in gen-

eral agreement with those of Simpson and Wright, who, in 1910, made a few
determinations of the diurnal variation of the potential-gradient in a region

of the ocean Avithin 40° of the Equator. The Fourier analysis of the diurnal-

variation curve for the Carnegie's fourth cruise shows the amplitude of the

12-hour "wave" to be greater than that of the 24-hour "wave," a result of

considerable importance in connection with the theory of the origin of the

former.

The rate of production of ions in a closed vessel shows no appreciable

diurnal variation; the ionic content, however, shows a distinct variation, with
a flat maximum extending from about 6 a. m. to 2 p. m., and a minimum at

midnight. The diurnal variation of the ionic content is of the type to be
anticipated from the secondary influences resulting from the diurnal varia-

tions of potential-gradient, and temperature.



330 CARNEGIE INSTITUTION OF WASHINGTON.

Concerning the origin of the Earth's magnetic field. L. A. Bauer. (Presented before the

Philosophical Society of Washington, October 14, 1916.)

The various recent theories regarding the origin of the Earth's magnetic

field were reviewed with particular reference to their bearing on the general

topic: the constitution of the Earth's interior. The hypothesis of chief

interest in this connection, namely, that of an iron core being the cause of

terrestrial magnetism, has inherent in it many difficulties, which, however,

may not be insuperable. Should experiments decisively show that increased

pressure elevates the critical temperature of magnetization, then the depth of

10 to 12 miles, now supposed to limit the presence of materials in the magnetic

state, would be increased. HoAvever, the few experiments available indicate

that increased pressure lowers the critical temperature of magnetization.

The various hypotheses as to the Earth's magnetic field being caused b)'

electric currents within the Earth's crust, or that the field is connected in some

manner with the speed and direction of rotation of the Earth, were briefly

discussed. The exceedingly small effect to be observed renders conclusive

laboratory experiments, if not a hopeless task, certainly a very difficult one

with present apphances.

The author reiterated a belief, already expressed on a former occasion, that

our chief hope at present of determining the origin of the Earth's magnetic

field, appears to be in the direction of determining what causes the field to

vary in the remarkable manner it does. The definite limitations imposed by

theVariations in the Earth's magnetic field, both of the periodic and aperiodic

kind, and the departures of the field from the simple uniform type, are too

frequently overlooked by theorists. Most theories, for example, are found

inadequate when the attempt is made to explain, besides the origin of the

field, the secular variation as it is actually observed.

In conclusion it was pointed out that the solution of some of the questions

entering into the problem of the origin of the Earth's magnetic field must be

deferred until the completion of the magnetic survey of the Earth now in

progress under the auspices of the Carnegie Institution of Washington.

On the improvement of the direct-recording declinograph. W. G. Cady.

The report covers the experimental work' done since 1909, and describes

the additional improvements in design and theory of the direct-recording

declinograph.2 The record made by the instrument was found to be affected

by temperature effects caused chiefly by expansion and contraction of the

horizontal brass arm from which the magnet was suspended; this effect has

been eliminated by using, instead of the single supporting-post, two posts.

The ink-reservoir formerly carried by the pen has been made fixed and the

butt end of the pen bent down to extend into the fixed reser^^oir; the weight

of the pen is thus made constant and the balance of the movable pen is

improved. The difficulty arising from jarring of the rocker-arm cariying the

record-paper has been eliminated by introducing a dash-pot with a specially

devised by-pass. A winding device has been added to automatically reel up

the record-paper as it comes from the instrument.

The record-paper heretofore used has been replaced by a paper received

from the Leeds and Northrup Company of Philadelphia; the new paper

practically does away with the blurring of the slow-dr^dng ink previously

'The work was doue by Professor Cady at Wesleyan University, Middletown, Connecticut, with

the cooperation of the Department of Terrestrial Magnetism.

»For description of the instrument and of its theory see Terr. Mag., vol. 9, pp. 69-80. 1904, and

vol. 11, pp. It5-l.=i2, 1900.
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experienced. Numerous experiments were made during the search for more
suitable ink or paper to improve the clearness and shaipness of the record;
thus it was attempted to adapt the principle of the thread-recorder as made
by the Cambridge Scientific Instrument Company, and also to replace the
ink by singeing the paper at each contact by means of an electric current and
a small V-shaped loop of fine platinum wire attached to the end of the "pen."
The latter method promised excellent results, but the experiments were dis-

continued when the supplj'- of new paper was secured and found so satisfactory.

The treatment of the theory of the instrument was extended, and as a
result of the new discussion it was found possible to make the scale-value
more unifonn throughout the width of the record. In the original form of

the instrument, the magnet-lever was vertical and the pen-lever was hori-

zontal; thus while the length of the magnet-arm was constant, the length of

the pen-ann became longer as the deflection from the axial line of the instru-

ment increased, and the scale-value was greater at the edges of the paper
than in the center. This difference, which amounted to several per cent,

was materially reduced by inclining each of the two levers at an angle of 45°

with the horizon. In that case, as the changing declination turns the pen-
arm from its mean position, the effective lengths of both levers increase and
hence the ratio of the angular displacement of the magnet to the angular
displacement of the pen, {. e., the scale-value, is more nearly uniform. It is

even possible by carefully choosing the two angles of inclination and bj'

curving one or both of the levers to make the scale-value perfectly uniform
across the paper; that degree of refinement is, however, unnecessary and
would be inadvisable owing to the probable increase in friction.

Some notes on the occurrence of thunder at sea. W. J. Peters. Terr. Mag., vol. 21, pp.
21-22 (Mar. 1916). Washington.

Baron von Humboldt appears to be responsible for the statement that
thunder is never heard on the ocean at any great distance from land, though
violent thunderstorms are often observed at sea and vessels are frequently
struck by lightning. Since this statement has provoked discussion from time
to time, observations are being made aboard the Carnegie, under J. P. Ault's
command, in accordance with directions issued to the vessel by the Director
of the Department of Terrestrial Magnetism. The present paper summarizes
the results of the observations made on the voyage from Dutch Harbor,
Alaska, to Port Lyttelton, New Zealand, between August 6 and November 2,

1915. Final conclusions are deferred pending receipt of additional data.

The normal electric field of the Eartli. W. F. G. Swann. (Presented before the Philo-
sophical Society of Washington, October 2, 1915.)

The paper comprised: (1) A general review of the principal atmospheric-
electric phenomena; (2) a discussion of the extent to which the known causes
contributing to atmospheric ionization are sufficient to account completely for

such ionization
; (3) a discussion of the origin and maintenance of the Earth's

charge.

The chief sources of atmospheric ionization in the lower atmosphere arc
the radioactive materials in the soil and atmosphere, and the penetrating
radiation. Over the sea, the radioactive material is insufficient to account
for an appreciable fraction of the ionization observed there. If, however, we
are correct in assuming that an appreciable fraction of the ionization pro-
duced in a closed vessel is produced as a result of actions other than that of

the vessel itself, the cause responsible for such ionization is amply sufficient
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to account for the ionic content over the ocean. The radioactive material in

the air over the land and in the soil is sufficient by itself to account for more
than the ionization as ordinarily observed there with the Ebert ion-counter,

so that there is a surplus to account for the existence, over the land, of a large

number of the so-called "Langevin ions," which on account of their small

mobility are not measured with the Ebert apparatus.

The part of the paper dealing with the origin and maintenance of the

Earth's charge was, in its essentials, the same as the author's paper published

in Terrestrial Magnetism, volume 20, pages 105-120, 1915, and abstracted

on pages 339-341 of the 1915 annual report, published in Year Book No. 14.

Atmospheric-electric observations made aboard the Carnegie. W. F. G. Swann. (Pre-

sented before Section II, Second Pan-American Congress at Washington, January 3,

1916.)

The paper commenced with a brief review of the atmospheric-electric

problems awaiting solution, and a statement of the reasons which cause a

peculiar interest to attach to ocean observations. A description was then

given of the atmospheric-electric equipment aboard the Carnegie on her

fourth cruise. The paper concluded with a discussion of the 1915 results of

the Carnegie's fourth cruise. (See pages 326-329).

On the ionization of the upper atmosphere. W. F. G. Swann. Terr. Mag., vol. 21, pp. 1-8,

1916.

From various points of view there are indications that the upper atmosphere

is to be treated as a region of relatively high electrical conductivity. In so

far as ultra-violet light is frequently considered as one of the main ionizing

agencies in the upper atmosphere, it is of interest to calculate the amount of

ionization to be expected from this source when the Sun is treated as a black

body.
Applying the Planck radiation fomiula, and assuming, in accordance with

the experiments of Hughes, that, for air, ionization does not set in below

wave-length 135 /z/x, it appears that only about 1.6X10"^ of the total solar

radiant energy is available for atmospheric ionization.

In an example quoted by Schuster in connection with his theory of the

diurnal variations of terrestrial magnetism it is shown that, if the upper

atmosphere is treated as a shell 300 km. thick, at a pressure of 1 dyne per

square centimeter, a conductivity of 10~^^ e.m.u. would have to exist in

the shell in order to account for the magnetic effects under discussion. If

the conductivity be taken as 2ev{q/a)^, where q is the rate of production of

pairs of ions per cubic centimeter, a the coefficient of recombination of the

ions,e the electronic charge, and v the specific ionic velocity, it becomes possi-

ble to calculate X if q, v, and a, are known. Assuming the value hv for the

energy necessary to produce an ion, h being Planck's constant and v the

frequency corresponding to the wave-length 135 mm> q can be calculated for

a case where the ionization is uniform throughout the 300 km. layer, and is

all due to the ultra-violet light. Assuming further that the laws governing

the variations of a and v down to the pressure and temperature of the 300

km. layer are the same as those deduced from laboratory experiments, the

conductivity to be expected in this layer as calculated in this manner,

is only about 10~^ of the value 10~^' e.m.u. required for the magnetic

problem. Even if the whole of the Sun's energy could be utilized in produc-

ing ionization, the conductivity accounted for would still be far too small.

Any departure from a condition of uniform ionization in the layer would act

in the direction of reducing still further the conductivity to be accounted for

by the ultra-violet light.
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The above conclusion is not intended as a criticism of Schuster's theory,
however, since, as Schuster himself points out, the ultra-violet light is not
the only source of ionization in the upper atmosphere. Further, in the paper
here abstracted, it is shown that, if the calculation is not limited to a shell,

and account is taken of the infinite extent of the atmosphere, the magnetic
effects which result as the ultimate consequence of a feeble source of ioniza-
tion may be very much greater than those calculated on the basis of a shell

of finite thickness.

Reply to E. H. Nichols's article (investigation with regard to the induced charge on the
Ebert electrometer at Kew Observatory). W. F. G. Swann. Terr. Mag., vol. 21,

pp. 99-102, 1916.

In a previous paper (Terrestrial Magnetism, vol. 19, pp. 205-218, 1914),
the author developed a theory of the action of the potential-gradient in

modifying the results obtained in certain atmospheric-electric instruments.
One of the instruments under discussion was the Ebert electrometer. To
illustrate his theoiy the author applied it to the experimental data obtained
from one type of Ebert instrument, and found that in the case of this instru-

ment a potential-gradient of 70 volts per meter would result in an error of

26 per cent on the measured ionic density of the negative ions, if the specific

velocity of the ion were assumed to be 1.5 cm. per second per volt per centi-

meter.

In the June number of Terrestrial Magnetism and Atmospheric Electricity
for 1916 (pages 87-98), E. H. Nichols quotes the results of his analysis of the
Kew data for several years, and also the results of special experiments made
by him for the pui-pose of investigating the error in the Ebert instrument.
He comes to the conclusion that when the instrument used at Kew is provided
with the cap supplied by the makers, the error in question is much smaller
than 26 per cent. He concludes that Swann's theory of the matter is of

limited application, that it omits to consider the effect of the wind and of

the cap, and that it applies only to a cylindrical opening. When the cap is

absent, however, he finds that errors as high as 40 per cent may result, and
admits that under these conditions his results appear to support Swann's
conclusions.

In Swann's reply to the above criticisms he points out that his theory of

the matter does not neglect the effect of the wind, nor is it restricted to a
circular opening, or to a case where the instrument is unprovided with a cap,
and he cites references to his original paper showing that these matters have
been included in his theory. He points out, however, that his formula gives
the error in terms of a quantity which must be experimentally determined for
the apparatus used. His own experiments were made primarily for illustra-

tion; the instmment used was not provided with a cap, for a large amount
of published material has been obtained with such instruments, and even in

some modern forms of Ebert electrometer there is no cap. His theory, how-
ever, in no way denies the possibility of the existence of a much smaller error

in the type of apparatus used at Kew. In fact, his formula provides no
information whatever as to the magnitude of the error until the experimental
data appropriate to the instrument have been substituted in it. Further,
he calls attention to the fact that his theory shows the error to be proportional
to the specific ionic velocity, and that, as pointed out in his paper, he used
the value 1.5 cm. per second per volt per centimeter for this quantity. If he had
used the very low value 0.5 cm. per second per volt per centimeter, which E. H.
Nichols quotes as appropriate for Kew, he would have calculated an error of

only 8.7 per cent instead of 26 per cent. Quite apart from all other con-
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sideratioiis, therefore, the apparent discrepancy between his conclusions and
those of E. H. Nichols is greatly reduced by this circumstance.

In conclusion, reference is made to certain experiments by E. H. Nichols
to test the electric field in the immediate vicinity of the cap of the electrom-
eter. It is pointed out that the results so obtained, if driven to their logical

conclusion, would indicate that even in the capped form of instrument there

is a considerable error, a result inconsistent with the conclusions which E. H.
Nichols draws from his other experiments and recorded data.

On the magnetic and electric fields which spontaneously arise in the vicinity of rotating

conducting spheres. W. F. G. Swann.

There are several ways in which small magnetic and electric fields may be
conceived as arising in the vicinity of a rotating body. Thus, centrifugal

force will make the free electrons move away from the axis of rotation, until

the electrostatic forces brought about as a result of this phenomenon restore

equilibrium. The rotation of a body, a sphere for example, may accordingly

be expected to result in the generation of magnetic and electric fields from
this cause alone. Again, in so far as the electrons are pulled by gravity, they
will tend to move towards the center of the sphere and will do so until the

electrostatic forces, etc., resulting from this action restore equilibrium. This
effect also provides a reason for the existence of a magnetic field. Analogous
remarks result from a consideration of the potential-gradient which arises in

a sphere, from causes of the nature of the Thomson effect when the sphere is

hot at the center and cold at the surface.

A very little consideration of the order of magnitude of effects such as

those cited above will show, without exact mathematical analysis, that they
can play no appreciable part in the explanation of the Earth's magnetism,
and in the paper the results of the above effects are calculated simply as a

matter of physical interest.

The three effects, centrifugal force, gravity, and temperature gradient, in

the sphere (Thomson effect) are considered separately, for it is easy to see

that when all act together the solution is practically that obtained by adding
the individual solutions.

The distribution of electricity throughout the sphere and on its surface

becomes determined by the following conditions: (1) the resulting electrical

forces within the sphere must balance the mechanical force arising from the

phenomena under consideration; (2) Poisson's equation must be satisfied

throughout the sphere; (3) the total volume charge plus the surface charge

must be zero. When the charge distribution has been obtained, the electric

and magnetic potentials may readily be calculated.

Tables 7 and 8 summarize some of the main conclusions for a sphere of

unit-specific inductive capacity. Table 7 gives the values of the horizontal

and vertical intensities He and Zp at the equator and pole, respectively, two
cases being cited, that of a sphere of the density of copper and of radius

20 cm., rotating 100 times per second, and that of a sphere of the size and
mean density of the Earth, rotating with the Earth's angular velocity. H is

measured in the direction of increasing colatitude, and Z is measured upwards
from the surface of the sphere, the direction of rotation being supposed to

take place from west to east.

In the calculation of the contribution arising from the Thomson effect

certain assumptions have to be made as to the theory of this effect. For
the details of these the complete paper must be consulted. The fields calcu-

lated are for the case where the temperature gradient is confined to a thin

shell near the surface of the sphere, and the total fall in temperature amounts
to 5000° C.
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rABLE 7.

—

Illuslraiioii of the magnetic effects obtainable by the
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On the conduction of electricitj' through an ionized gas, more particularly in its relation to
Bronson resistances. W. F. G. Swann and S. J. Mauchly. (Read at the meeting
of the American Physical Society, Washington, April 21, 1916.)

The paper forms an experimental and theoretical investigation of certain

phases of the peculiarities exhibited by Bronson resistances.

In most of the experiments the active substance used was ionium. The
current potential curve, in some types of cell, shows an increase of resistance

with field for small fields, but as the field is further increased, the resistance

starts to diminish. This phenomenon has nothing to do with ionization by
collisions, since the fields concerned are too small; it is shown, however, that

the Ijchavior of the cells in the above, and in other respects, can be satis-

factorily accounted for bj'^ taking into consideration the 5 rays which are

emitted by the a particles. The theory of the action of the 5 rays in causing

the current to increase more rapidly v»dth the potential difference between
the plates than would be accounted for by a linear law is practically the same
as that applicable when a field is maintained between two plates, one of

which is raised to incandescence so as to cause it to emit negative ions. The
nature of the phenomena is such as to indicate that 8 rays are emitted from
the inactive plate even when the latter is out of the range of the a particles,

and it is necessary to assume that these 5 rays are emitted as the result of

bombardment by other 5 rays emitted from the active plate Avith speeds suffi-

ciently high to enable them to travel across the air-space between the plates.

The amount of such high speed 5-ray radiation seems very considerable, and
from different standpoints it is shown that the ratio of the number of 8 rays

which finally appear, direct or indirectly, to the number of a particles emitted

from the active plate, is much larger than the numbers which have been found

in experiments at low pressures. Two lower limits obtained from independent

standpoints indicate for this ratio values 2,500, and 4,000, respectively.

It was found that the behavior of a Bronson cell, as regards its constancy,

depends largely on the nature of the material employed for the plates. In the

case of aluminum, a large change in resistance was produced when the inactive

plate was sandpapered; indeed, it was found impossible to secure satisfactory

constancy with aluminum, the resistance fluctuating from day to day, and de-

pending, among other things, on the time which had elapsed since the inactive

electrode had last been cleaned. Effects of this kind were traced to variations

in the 5-ray emission from the upper electrode as a result of time variations in

the condition of its surface, these variations being somewhat analogous to those

experienced in the case of the photo-electric effect. It was found that the

action of the cell was greatly improved when silver plates were employed.

Since the effect of the 5-ray emission is to cause the current to increase

more rapidly with the potential than would be accounted for by a linear law,

while the normal departure from linearity is in the opposite direction, it is

possible to choose the conditions so as to make the two effects partially com-
pensate. In this way linearity may be obtained over fairly large ranges of

potential. In practice it has been foimd desirable to make the inactive

electrode in two parts. It consists of a large disk supported by a tube, and

a smaller disk supported by a rod which slides in the tube. Approximation

to the desired linear relation is then secured by suitably adjusting the posi-

tions of the parts of the compound electrode with respect to the active plate.

The active material is spread over a shallow tray sunk in a thick metal plate;

it is covered with a piece of thin mica hermetically sealed to the plate, and
the mica is covered with silver foil held down by a silver-plated ring.

Reasons are given for the very large temperature coefficients shown by sonie

types of Bronson cells and various other features of the cells are discussed.
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Morley, Sylvanus G., Santa Fe, New Mexico. Research Associate in American
Archeology. (For previous reports see Year Books Nos. 13 and 14.)

During the summer and fall of 1915 work on the inscriptions of

Copan, Honduras, was continued. After returning from the field in

June, Mr. Morley proceeded to Cambridge to examine the original

texts, casts, and photographs in the Peabody Museum, Harvard Uni-

versity, and to incorporate this material with the results of his previous

studies in a forthcoming monograph on the inscriptions at this site.

(Publication No. 219.)

The 1916 Central American expedition took the field early in the

year, sailing from New Orleans for Puerto Barrios, Guatemala, on
February 3 and returning to this country on June 5. During this

period the personnel of the part}^ changed several times. After the

highlands trip, Mr. A. W. Carpenter became the photographer and
continued in this capacity until the close of the season.

Dr. George Underhill was the expedition physician for the Copan
and Tuluum trips, and Dr. Moise Lafleur for the Uaxactun trip. The
tragic death of the latter and of a guide, on May 17, in northern Peten,

has already been made the subject of a special report to the President

of the Institution.

In addition to the foregoing regular members of the staff, the expe-

dition was peculiarly fortunate in having the services at one time or

another of several other collaborators who materially increased the

range of its activities. Mr. W. H. Holmes, Head Curator of Anthro-
pology at the U. S. National Museum, accompanied the party to the

ruins of Copan and made an archeological panorama of the site, which
he has kindly placed at the disposal of the Institution. Mr. S. K.
Lothrop, of Harvard University, was with the expedition until the

end of March. He made a number of maps and plans, including a

survey and archeological panorama of the ruins of Tuluum. Dr. T.
Gann, chief medical officer of British Honduras, made the Tuluum
trip for the purpose of copying the extensive mural paintings there, an
excellent representative series of which was secured.

The itinerary of the expedition may be divided into four parts or

trips, each corresponding to a well-defined unit of work: (1) the

highlands of Guatemala; (2) the ruins of Copan, Honduras; (3) the

ruins of Tuluum, on the east coast of Yucatan, Mexico; (4) the ruins

of Uaxactun, northern Peten, Guatemala.
The objectives of the first trip were the ruins of Chinkultic and

Ocosingo in the State of Chiapas, ]\Iexico, where hieroglyphic inscrip-

tions have been reported by Seler and others. Owing to revolutionarj^

disturbances in this region, however, it was impossible to proceed

337
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bej'ond Huehiietenango in the highlands of Guatemala, and the party-

returned to the capital without having reached either of its destinations.

The Copan trip was more successful. Several new inscriptions,

chiefly fragmentary texts from the Archaic Period, were discovered

and copied. The most notable find, however, was that of a heretofore

unreported stela, which was located in the walls of the cabildo at

Santa Rita, a small village 7 miles up the valley from the main group

of ruins. Its several pieces were removed from this exposed position,

and after the inscription had been copied and photogi-aphed, they

were carried to a place of safety. The new monument—to which the

number 23 has been given—dates from the early part of the Middle
Period 9.11.0.0.0, approximately 380 A. D.
The third trip, to Tuluum on the east coast of Yucatan, was exceed-

ingly fruitful. This site has long held a peculiar interest for students

in the Maya field, not only because of its size and individuality, but

also on account of its comparative inaccessibiUty and isolation.

It was first described by the American traveler Stephens, in 1840,^

though owing to the War of the Castes, which ravaged Yucatan in

1848, it has since been closed to investigation. Maya Indians, fleeing

from the victorious Mexicans in the western part of the peninsula about

the middle of the last century, settled in the region around Tuluum,
where they have maintained themselves in virtual independence ever

since. They have successfully resisted such Mexican troops as have

been sent against them, falling back into the bush before large parties

and killing such small parties as have ventured into their country.

Only twice since Stephens's time has the site been visited—once by
an expedition from Harvard University in 1911, and once by an expedi-

tion from the School of American .\rcheology in 1913. Neither party

stayed at the ruins for more than 24 hours, and beyond a brief recon-

naissance, little was accomplished by either.

Several circumstances made the present season especially opportune

for visiting this site. Friendly relations have been established between

the Mexican Govermnent and the Maya for the first time in many
years. The expedition was at Belize, the best point from which to

make the trip; and finally the party was sufficiently numerous—

5

investigators and assistants—to insure an adequate study of the site

in a minimum of time. A small steamboat, of about 40 tons, was
hired in Belize and the expedition sailed for Tuluum on March 19.

The most important result was the location of the hieroglyphic

monument first reported by Stephens, and later by Howe of the Pea-

body Museum expedition. Howe's reading of the date as 9.6.10.0.0,

approximately 290 A. D.,- was verified and drawings and photographs

were made. The occurrence of such an early date as 290 A. D. at

'"Incidents of Travel in Yucatan," J. L. Stephens, vol. ii, pp. 385-409.

'-"The Ruins of Tuluum," George P. Howe. American Anthropologist, N. S., 1911, vol.

xiii. pp. 539-550.
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such a late Maya site as Tuluum is difficult to explain. Geographi-

cally, architecturally, stylistically, and historically considered, Tuluum
is a thousand years later than the Initial Series date of this stela.

Indeed, barring this one date, there is nothing at Tuluuni to connect it

with the Old Empire; on the contrary, its location, architecture, and
mural decorations strongly indicate that it is to be referred to the close

of the New Empire, probably some time after 1200 A. D. The ques-

tion is an important one, and further investigation will be necessary

before this apparent anachronism can be satisfactorily explained and the

discrepancy between the chronological and other criteria cleared away.

Dr. Gann secured tracings of a number of the mural paintings and
made the necessary color notes for their accurate reproduction. In

the time available, however, it was impossible to make more than a

beginning upon this important work. The subjects portrayed are

exclusively of a reUgious nature—representations of the principal

deities of the Maya pantheon in various acts of sacrifice. God B of

the Schellhas classification, probably the chief Maya divinity, occurs

repeatedly. The delineation of the figures so closely resembles that

in the Codex Tro-Cortesiano as to strongly suggest that this manuscript

originated not far from Tuluum.
A map of the religious and civic center of the city, i. e., the area

within the walls,^ was prepared by Mr. Lothrop, as well as elevations

and ground-plans of all the more important structures. The archeo-

logical panorama already mentioned was based upon these data and
conveys an excellent idea of the city as it once appeared.

The foregoing material, together with the photographic record

secured by Mr. Carpenter, now makes possible for the first time the

preparation of an adequate preliminary report of this Uttle-known site

and paves the way for its more intensive investigation.

The last trip—to northern Peten—was the most profitable of the

season, resulting in the discovery of a large new city and the oldest

monument yet reported from the Maya field. This site, to which the

name Uaxactun was given, ^ is of major importance. Although less

extensive than the largest Maya cities, Tikal, Copan, Chichen Itza,

and Uxmal, it may be classed with such noteworthy sites as Quirigua,

Naranjo, and Nakum, and was easily a center of large population.

Time and facihties were lacking for the thorough exploration of

the region, so proximate was the rainy season and so dense the tropical

forests, but three large architectural complexes were located in an
area not over half a mile square. Each contained numerous courts,

surrounded by the remains of extensive buildings, both of the dwelling

^The city is inclosed on three sides by a high wall, the bluff along the sea protecting the fourth

side. This wall incloses an area of some 22 acres. It varies from 8 to 13 feet in thickness at the

base, and from 10 to 15 feet in height. The north and south sides are pierced by two gateways
and the west side by one.

^Uaxactun is the Maya word for "8 stone." Uaxac = 8, tun = stone or year. The discovery

of a Cycle 8 Initial Series stela here suggested the name given to the city.
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and religious types, i. e., palaces or monasteries and temples, and
many monuments.
Group A, the first discovered, has 5 sculptured stelse and 10 plain

ones; Group B has 4 sculptured

stelsc and 14 plain ones; and Group
C has 2 sculptured stelae and 4 plain

ones, a total of 39, and without

doubt further investigation would
bring others to light. The main
plaza seems to have been at Group
B, and here the most important

monuments as well as the largest

pyramid-temple were found. The
most important monmnent is easily

Stela 9 at Group B, which was
found to record a Cycle 8 Initial

Series as follows: 8.14.10.13.15,

approximately 50 A. D. (See cut.)

Stela 9 is the first and only

monument yet reported which may
safely be referred to Cycle 8 of the

Maya chronological era, all others

dating from Cycle 9 or 10; and it

is therefore the earliest monument
known. ^ The carving is extremely

archaic in character—note the irregularity of the glyphic outlines

—

and the relief has suffered greatly from erosion. Fortunatelj'^ the Initial

Series is sufficiently preserved to decipher.

Of the 11 sculptured stelae found, 7 have Initial Series; 1 has a

Calendar Roimd date, and 3 are too effaced or broken to be detemiined.

It is possible to decipher 4 of the 7 Initial Series to the day, as follows

:

Fig. 3.—Stela 9. Uaxactun, Guatemala.

The earliest monument yet reported from the

Maya area (approximately 50 A. D.) ; and
the only stela known dating from Cycle 8

of the Maya chronological era.

Name of

monument.
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Approximate readings of the remaining 3 Initial Series, Stelae 1, 5,

and 6, have also been attempted. Stela 5 apparently records another

Cycle 8 date, the best reading being 8.15.10.3.12, although this is open

to considerable doubt. Stela 6 may certainly be referred to the

Archaic Period, probably to Katuns 6, 7, 8, or 9, and Stela 1 with equal

certainty to the Great Period, the best reading being 9.14.0.0.0.

The great importance of this new site lies in the number of its very

early inscriptions. Stela 9 is the oldest dated monument known, and
Stela 3 is the fourth oldest;^ and it is to be expected that other early

texts will be found in the vicinity. The region is new territory, having

been penetrated for the first tune by chicleros less than three years ago.

Other important sites are known to exist beyond Uaxactun, at least one

having large standing buildings and sculptured monuments.
The important bearing this site, and indeed the whole adjacent

region, may have on the much-vexed question of the origin of the Maya
civilization in its historical habitat, is readily apparent, and its further

investigation is strongly recommended.

Van Deman, Esther B., Rome, Italy. Research Associate in Roman Arche-

ology. (For previous reports see Year Books Nos. 9-14.)

Owing to the continued uncertainty concerning the conditions for

archeological work in Italy, it was deemed advisable not to return

to Rome before the beginning of 1916. The autumn months of 1915

were spent, therefore, in Washington, being devoted mainly to the

revision for publication of the first chapters of the work on Roman
concrete construction, mentioned in the previous reports. A dupli-

cate copy of all the material on hand was prepared, also, to be left in

charge of the Institution at Washington. The month of December
was spent in completing the necessary arrangements for the voyage

and for the resumption of the work in the field. On arrival at

Gibraltar, in January, it was found inadvisable to continue the

journey by sea beyond that point. In connection with the journey

through southern Spain by rail, a fortnight was devoted to a general

survey of the Roman remains most easily accessible at that season.

The principal ancient sites visited were Seville (the ancient Hispalis,

with the remains of the neighboring city of ItaUca), Valencia, Saguntum,

and Tarragona (the ancient Tarraco).

It is clear from the remains seen, as well as from the reports con-

cerning those farther north, that the Roman monuments in Spain are

to be divided into two distinct classes. In the construction of the

first class, which resembles in many particulars that of the monu-
ments found in North Africa of the same period, the traditional

building methods of the region form an important if not the con-

'If the doubtful reading of Stela 5 should be correct (i. e., 8.15.10.3.12), it becomes the next to

oldest dated monument and Stela 3 the fifth oldest.



342 CARNEGIE INSTITUTION OF WASHINGTON.

trolling factor. The monuments of the second class, on the contrary,

in their type of construction show but slightly the influence of local

methods. Among the monuments of this class, those of Italica,

which are assigned to the periods of Trajan and Hadrian, who were

natives of this city, are of especial interest, since the methods of

construction are identical, except in a few details, with those used in

Italy at the same time. The monuments seen differ markedly from

those of southern France in the absence of any traces of the strong

Greek influence so clearly recognizable in the latter.

The spring and early summer of 1916 were devoted to the regular

work of examining and classifying the remains of the ancient monu-
ments in Rome, especially those belonging to the late republic and
early empire, in which opus quadratum, or cut-stone masonry, appears.

For the classification of these monuments a more thorough study was
found necessary of the types of opus quadratum used in general in the

various periods. An independent examination was undertaken,

therefore, of the greater monuments of fixed date in which it appears,

either alone or in combination with opus ccementicum, with a view

to establishing, if possible, some general rules concerning its use.

On account of the absence from Rome of many of the workers in

the various fields of archeological research or their absorption in

other necessary Unes of activity, the investigation of a number of

important problems along archeological and topographical lines,

which was so auspiciously begun, has been for the most part suspended;

but in connection with the Associate Director of the British School, Mrs.

Arthur Strong, an exhaustive study of the construction and mural

decoration of the so-called poedagogium and the adjacent building on

the Palatine has been in part completed. So far as at present decided,

the remains of this group of structures belong to at least four periods.

Some important discoveries have been made also in the group of rooms

forming the lower stories of the "Domus Tiberiana."

In connection with the work in these difficult times the courtesy and

kindness of the Italian Government and of its various officials have

been unfaiUng.
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BIBLIOGRAPHY.

Garrison, Fielding H., Army Medical Museum, Washington, District of

Columbia. Preparation and publication of the Index Medicus. (For

previous reports see Year Books Nos. 2-14.)

The Index Medicus for 1915 contains 1,011 pages, 300 pages less

than the issue for 1914. The annual index of the same contains 170

pages, 45 pages less than that of the preceding year. The issue for

1914 contained 1,311 pages as against 1,448 pages for 1913. Thus,

in the period following the outbreak of the European War, there has

been a loss of some 437 pages of bibliographical material at the begin-

ning of 1916. Germany and Italy alone, of all the combatant coun-

tries, have kept up their quota of medical periodicals, but the German
periodicals have been difficult to obtain of late, under blockade con-

ditions, and for recent numbers the Index Medicus has been largely

indebted to the courtesy of the editor of the Journal of the American
Medical Association, and to the librarians of the New York Academy
of Medicine and the Boston Medical Library for loans. As soon as

the outstanding mass of foreign medical literature can be obtained,

it is proposed to print the titles in bulk as rapidly as possible, for the

sake of continuity and completeness. Through especial courtesy of

the Boston Medical Library, all the German periodicals up to March
1916 have been indexed, and this literature is contained in the double

number for the months of July-August 1916.

BIOLOGY.

Morgan, T. H., Columbia University, New York, New York. Study of the

constitution of the hereditary germ-plasm in relation to heredity.

The work carried out by T. H. Morgan, A. H. Sturtevant, and C. B.

Bridges under the grant from the Carnegie Institution of Washington
has been concerned with the study of the chromosomes as furnishing

the mechanism of Mendelian heredity. More accurate data for the loca-

tion of about 30 factors already known have been obtained ; about 50

new mutant characters have been discovered, and about 40 of the factors

involved have been located in their chromosomes. These data, in con-

nection with data already on hand, give an opportunity for further

study as to the nature of linkage. This phenomenon of linkage is also

beingmore directly studied through variations caused (a)by environment
and (6) by genetic factors; (c) through interference and {d) through

non-disjunction and other unusual types of chi'omosome distribution.

Besides the main lines of work enumerated above, experiments with

multiple factors and multiple allelomorphs are being carried out. These
studies have both a direct and an indirect bearing on the problem of

selection. This question of selection is being put to a crucial test, for

there is on hand material that is suitable to give a definite answer to

certain current speculations as to how selection accomplishes its results.
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CHEMISTRY.

Baxter, Gregory P., Harvard University, Cambridge, Massachusetts.
Determination of atomic iveiyhts. (For previous reports see Year
Books Nos. 3-14.)

During the past year investigations upon the atomic weights of

lead and zinc were continued and a new investigation upon that of

tin was both begun and completed.

Mr. L. W. Parsons, after finding that lead amalgam, obtained by
electrolysis, could be satisfactorily washed with ether and dried in a

vacuum, analyzed fused lead chloride by electrolytic deposition of

tlie metal in a mercury cathode. Eleven experiments with quantities

of chloride varying from 5 to 19 grams yielded concordant results for

the atomic weight of lead, but these were somewhat higher than the

value found by Baxter, Grover, and Thorvaldson (see recent Year

Books) by determination of the halogen in lead chloride and bromide.

In a second series of experiments, in which a weighed quantity of

metal was electrolytically transported to a mercury cathode, a small

consistent gain in the product over the factors was found, amounting

on an average to 0.00013 gram per gram of lead. While the cause of

this gain has not yet been discovered, a suitable correction obviously

should be applied to the analyses of the chloride. When this is done,

the average result for the atomic weight of lead, 207.21, agrees almost

exactly with that obtained by comparison of the lead halides with

sUver, 207.20.

Mr. J. H. Hodges appUed the electrolytic method of analysis to

zinc chloride. The great difficulty of preparing this salt in an anhy-

drous neutral condition was overcome by first dehydrating zinc

bromide by fusion in a dry atmosphere containing hydrobromic-acid

gas and then displacing the bromine in the fused salt by prolonged

fusion in a current of dry chlorine and hydrochloric-acid gases. Five

preliminary experiments, in which the metal was electrolytically depos-

ited in a weighed mercury cathode, yielded an average value for the

atomic weight of zinc of 65.38. This figure is essentially the same as

that found by the determination of both bromine (Richards and Rogers)

and metal (Baxter and Grose, see Year Book No. 14) in zinc bromide.

Mr. H. W. Starkweather prepared tin tetrachloride by the action

of pure dry chlorine upon electrolytically purified tin. The product

was purified by fractional distillation in a vacuum at low temperature

and was collected in a series of sealed glass bulbs. Each bulb after

being weighed was broken under dilute hydrochloric-acid solution and

the metal was deposited in a weighed mercury cathode. The glass was

collected separately and weighed. Sixteen concordant analyses with

two series of preparations yielded the average result 118.70 for the

atomic weight of tin. This confirms very closely Briscoe's value recently

found by comparing the same compound of tin with silver.
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Jones, Harry C, Johns Hopkins University, Baltimore, Maryland. Con-
tinuation of investigations on the absorption spectra of solutions and on
the conductivity and viscosity of electrolytes in water and non-aqueous

solvents. (For previous reports see Year Books Nos. 2-14.)

A number of problems were investigated during the year.^

Dr. Davis, continuing his investigations on the viscosity of caesium

salts, studied their behavior in mixed solvents containing glycerol.

It had been previously shown that rubidium salts produce a phe-

nomenal lowering of the viscosity of glycerol and its mixtures with

water, the results furnishing additional confirmation of the hypothesis

of Jones and Veazey to account for such negative viscosity coefficients.

With csesium salts a still greater lowering of the viscosity of the

solvents used has been observed, which is to be attributed to the

large atomic vohmie of csesium.

Dr. Davis, with the assistance of Mr. Johnson, has also extended

his studies of the conductivity and viscosity of solutions of electro-

lytes in formamid as a solvent. The work has necessarily progressed

somewhat slowly, owing to the great difficulties encountered in the puri-

fication of the solvent. A series of nitrates and of formates have been

studied. It is hoped to investigate certain representative organic acids

in this solvent and finally to study the behavior of solutions m mixed

solvents containing formamid. A fuller report on this work will appear

subsequently.

Dr. Davis has also devised an efficient vacuum desiccator for use

in the preparation of anhydrous samples of the hydrated compounds

studied in non-aqueous solvents.

Dr. Hulbert and Dr. Hutchinson, using the Littrow spectroscope

designed by Professor J. A. Anderson and the improved radiomi-

crometer built by Shaeffer and Paulus, have carried out a systematic

and thorough study of the absorption coefficient of solutions for

monochromatic radiation. They have determined the absorption

coefficient (a) of a number of inorganic salts in water and in several

of the alcohols at intervals of 20ixfx to 40/>i)u throughout the region of the

spectrum where the pure solvents possess appreciable absorption,

600)Uju to l,300)U^t for many solutions. The values of a plotted

against the corresponding wave-lengths form the absorption curve

for any given solution. For each salt a series of solutions, varying

in concentration from saturation to extreme dilution, was prepared

and the absorption curve was drawn for each solution. From the

data thus obtained, the molecular absorption coefficients (A) for the

salts in the various solvents used were calculated and plotted against

the gram-molecular concentrations. A careful comparative study was

then made of the resulting curves,

'On account of the sudden death of Professor Jones in April 1916, several new lines of inves-

tigation had to be discontinued. The work reported on here was either nearly completed or

well under way at the time of Professor Jones's death.
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A number of improvements have been made in the apparatus, thereby

enabUng a single observer to make all the necessary adjustments in

addition to taking the deflection readings. This proved to be a

decided advantage, as it permitted Dr. Hutchinson to devote his

entire time to the preparation and analysis of the various solutions

used in the investigation. The cells were also somewhat modified to

adapt them to the alcoholic solvents.

The results obtained by Dr. Hulbert and his co-worker indicate

that, in general, the molecular absoi-ption coefficient (A) is not a con-

stant, but either increases or decreases with dilution and in some

cases decreases to a minimum and then increases. This deviation of

A from a constant value is usually comparatively small, except for

some solutions at certain points in the spectrum, which were generally

found to be situated at the edge of absorption bands.

The variation of A with the concentration has already been explained

in a qualitative manner by previous investigators in this laboratory as

due to the formation of complexes or "solvates" between the solvent

and solute, but it is pointed out, as a result of this investigation, that

such an explanation must be couched in mathematical terms before

attempting to apply it to the interpretation of quantitative data.

Dr. Lloyd and Dr. Pardee have extended the work in absolute

ethyl alcohol to include a study of the limiting conductivities of the

sodium salts of organic acids in this solvent. The inability of previous

investigators to obtain experimental values for the equivalent con-

ductance of the organic acids at infinite dilution led them to under-

take the problem in the hope of eventually developing Aq for these

acids from the data obtained from their salts.

A very accurate and convenient method for preparing the solutions

of these salts in absolute alcohol has been worked out and in the

subsequent measurement of their electrical conductivity a high degree

of accuracy has been attained. This has been made possible by

improvements in the conductivity method. Data have been obtained

on sodium salts of about 30 of the organic acids; this practically covers

the field of available compounds, owing to the insolubility of a great

number of the acids and their salts in absolute alcohol. The con-

ductivity values are all of the same order of magnitude, there being

little difference between the aliphatic and the aromatic derivatives

or between the different substituted compounds of the benzene series.

Although measurements were made at as high as 20,000 liters dilution,

Ao was not obtained experimentally, but was calculated by extrapola-

tion formula?. Other investigators in this field have attempted to

use the Kohlrausch fonnula for this purpose, although its appli-

cability to non-aqueous solvents has been seriously questioned. The

present investigators attempted to apply this formula to their data,

but with such widely divergent results as to preclude its usefulness..
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The formula suggested by Noyes and Johnson was finally adopted

and found to give concordant results. Subsequently an approxhiia-

tion formula worked out by Randall was used. This formula gave

Ao values agreeing within the limits of accuracy of the method used

and entailed much less laborious calculation than the Noyes formula.

The limiting conductivities of all the sodium salts studied have

been calculated by one or the other of the above formulae, and from

them it is possible to obtain the values for the acids themselves.

Dr. Ordeman has completed the study of the relative dissociating

power of free and combined water begun by him last year. Experi-

ments carried out in this laboratory some years ago had shown that a

marked physical difference exists between free and combined water,

as illustrated by the different absorption power for light of solutions

of hydrated and non-hydrated salts. It therefore seemed probable

that a measurable difference in the dissociating power of free and

combined water would exist. Carefully conducted experiments,

using the conductivity method, have shown this to be highly probable.

Paired isohydric solutions of hydrated and non-hydrated salts were

used as solvents for the various electrolytes studied. It was found

that for every pair of solutions in such solvents—the one solution of

a hydrated, the other of a non-hydrated salt—the suppression of the

ionization of the added salt by the anions of the solvent-solution was

more prominent in the case of the hydrated solution. In other words,

the increase in conductivity caused by the addition of the same

amount of an added salt to each of a pair of isohydric solvent-solu-

tions, the one non-hydrated, the other hydrated, is always greater

in the non-hydrated solutions; this points to a greater dissociation

in the non-hydrated than in the hydrated. Furthermore, it may be

pointed out that the suppression of the ionization of the hydrated

salts added was much greater than that of comparable solutions of

non-hydrated salts in both isohydric solvent-solutions. From these

results it seems justifiable to conclude that the water of hydration

in the solutions of hydrated salts must possess less ionizing power

than the uncombined water, in which case the various salts added as

solutes would be dissociated to a lesser degree, the effect being greater

the greater the concentration, since more combined water would then

be present. The hydrated salts used as solutes are less dissociated

than the other added salts, because water of hydration would then

exist in both of any pair of solvent-solutions. However, the disso-

ciation is always less in the case of the hydrated salt of any pair of

solutions because of the less dissociating power of the water of hydra-

tion already present in that solution.

It should be noted, however, that the conclusions from this work
can be regarded as only tentative because of its preliminary nature.

Further work on the subject should be done in order to ascertain the
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influence exerted by such factors as the formation of complexes in the

solutions, the difference in the viscosity of the various solvent-solutions

and the solutions in them, the change in the migration velocities of

the anions, and the effect of the various added salts on the dielectric

constants of the solvent-solutions.

Dr. Connolly, working on another phase of the same subject, has

studied the different chemical activity of free and semi-combined

water as illustrated by the effect on the hydrolysis of acetic anhydride.

The physical difference, already referred to, having been established

by Jones and certain of his co-workers, the chemical difference was

then investigated by Holmes and Jones. Their work indicated the

possibiUty of such a difference, although the inherent errors of their

method, due to the slowness of the reaction chosen and the effect of

outside catalyzers, made it difficult to obtain reliable results. Conse-

quently, a more rapid reaction was sought for—that of the hydrol-

ysis of acetic anhydride being finally adopted. The results obtained

apparently corroborate the deductions from the earlier work, although

here again its preliminary nature makes further investigation advis-

able before drawing any definite conclusions. The hydrated salts

studied, with the exception of magnesium chloride, all give results

for the decomposition of the acetic anhydride greater than those

of the non-hydrated ones, the latter all having a more marked hinder-

ing effect on the hydrolysis. In dilute solutions there is an appre-

ciable acceleration of the hydrolysis of the acetic anhydride over

that due to pure water alone. Sodium sulphate was found to have

this effect at all dilutions. The effect of rise in temperature was

also studied and found to increase the velocity of the reaction. In

contrast to the other hydrated salts, magnesium chloride was found

to act as do the non-hydrated salts, having a retarding effect on the

hydrolysis of acetic anhydride at all dilutions.

Morse, H. N., Johns Hopkins University, Baltimore, Maryland. Measure-

ment of the osmotic pressure of solutions. (For previous reports see

Year Books Nos. 2-14.)

Dr. Holland, assisted by Messrs. Blocher and Minter, has been

engaged, during a considerable portion of the past year, in experi-

mental work on the manufacture and recovery of the porous cells

used in the measurement of osmotic pressure. It has been empha-

sized in previous reports: (1) that the membrane must consist exclu-

sively of minute "plugs" of the active material which are driven

firmly into the mouths of the pores which open upon the interior wall

of the cell, or, if high pressures are to be measured, into the mouths

of the pores which open upon the exterior wall of the cell; (2) that

this essential condition makes necessary: (a) absolute uniformity in

the size of the pores, and (6) a degree of fineness of texture (magnitude
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of pore-diameter) which will permit the more rapidly moving cation

of the membrane to pass nearly through the wall of the cell from the

outside, while the slower anion is only just within the interior mouths
of the pores.

It has been noted, also, that the diameter of the pores must not
fall below a certain minimum magnitude, smce otherwise the mem-
brane is deposited, not within the mouths of the pores, but more or

less loosely upon the interior wall of the cell, where it is easily ruptured

by pressure. It has been stated, further, that the allowable difference

between maximum and mmimum diameter of pore is not very great.

The effective area of the membrane obviously depends upon the

diameter of the pores in whose mouths it is deposited, and the rapidity

with which the pressure will attain its maximum within a cell depends
on the area of the membrane. If, therefore, the texture of the wall

exceeds a certain degree of fineness—even though the membrane may
be correctly located, i. e., wholly within the mouths, of the pores

—

the cell may be too ''slow" for useful employment.
The foregoing statements will serve to explain the nature of some

of the difficulties encountered in the manufacture of porous cells for

the measurement of osmotic pressure. The limiting conditions of

successful cell production were apprehended very early in the course

of our work. It nevertheless required four years of experimental

work to produce the first faultless porous cell.

The means by which we have been accustomed to secure the required

texture of cell-wall have been briefly indicated in other reports.

Unfortunately they are too elaborate and require too much special

training for general use. The art of cell-making has therefore been
confined, up to the present time, to the laboratory in which it origi-

nated. It is obviously desirable, however, that the porous cells which
must be used in the measurement of osmotic pressure should become
a commercial article, in order that the manifestations of this force

may be more widely studied from the experimental side. With a

view to simplifying our methods and thereby making feasible the

manufacture of cells by others, we have for several years (whenever
practicable) reverted to the problems of cell-making, and during the

past year more seriously and persistently than at any previous time.

Some progress has been made, especially in the matters of baking
and glazing the cells, both of which operations have been hitherto

subject to much difficulty and uncertainty—the former because of

its effect in detennining the size of the pores, and the latter because
'^ crazing," due to difference m expansion coefficients between glaze

and biscuit, can not be tolerated in osmotic cells.

Previously we have never quite succeeded in removing old and
disabled membranes so as to leave the cells in perfect condition for

the deposition of new ones, though the causes of the comparative
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failure of our earlier efiorts to ''recover" cells are obscure; but during

the past year Dr. Holland and his associates have overcome the

difficulty by subjecting the membranes to be removed to a very slow

process of electrolytic decomposition and removal by solution, and
afterwards re-burning the cells.

Dr. Holland and Messrs. Blocher and Minter have carried out a

complete series of measurements of the osmotic pressure of levulose

at 30°. This work had been begun previous to the writing of the last

report, but during the past year the earlier experiments were repeated

and the measurements on all concentrations from 0.1 to 1.0 weight-

nonnal solutions were completed. The conclusion reached is that

(as in the case of dextrose) the ratio of osmotic to the calculated gas

pressure of the solute is constant for all concentrations of solutions

of levulose up to 1.0 weight nonnal. On the other hand, the hydra-

tion of the solute, which is supposed to explain the excessive pressures

of both dextrose and levulose at low tenperatures, was found to be

somewhat more persistent in the case of the latter than in that of the

former. At 30° the ratio in question is uniformly unity for dextrose

and about 1.02 for levulose.

Attempts were made during the year to resume the measurement

of the osmotic pressure of cane-sugar solutions at high temperatures

(above 40°), but without much success, owing m part to a recurrence

of what has been called the " Penicillium pest."

At somewhat elevated temperatures cane sugar soon begins to

invert in the cells. If the cell "works rapidly," i. e., if the osmotic

pressure rises quickly to a maximum, a measurement may be secured

before the inversion reaches a significant magnitude. It is therefore

impracticable to employ with cane sugar at elevated temperatures

any but fresh membranes of large area. This slow inversion, which

is observed in cells at the higher temperatures, is perhaps promoted,

if not caused, by the presence in the solutions of a minute quantity

of the membrane material; for it has been observed that portions of

the same solutions, maintained outside of the cells at the same tem-

peratures, and for the same length of time, do not, if properly pro-

tected, exhibit inversion.

The liability to "penicillium infection" is always impending, and

the presence of the spores in the air is one of the great obstacles in

the way of the measurement of osmotic pressure. These penicillia

—

said by our experts who have studied them to some extent to be of

various "strains"—attack the membranes with great voracity,

probably because of their nitrogen content, and unless they are quickly

checked they soon destroy the membranes. Our methods of avoiding

infection and of exterminating Pe7iicilliu7ti when, in spite of our

elaborate precautions, it has lodged in the cells and baths, have been

described elsewhere. The complete eradication of the pest usually
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requires several months, and measurements made in infected ceils

are not regarded as reliable. An interesting phenomenon observed
in connection with infected cells whose membranes have not yet

become "leaky" is the development of abnormally high pressures.

In fact, the development of too high pressures is one of the earliest

symptoms of infection. The explanation is, of course, that the

products of PeniciUium activity serve to increase the concentration

of the solutions.

It was stated in the report of last year that it had always appeared
important to the writer and to those associated with him to extend
the scope of their work so as to include a simultaneous determination

of the vapor-tension of the solutions under investigation; also that

Doctors Frazer and Lovelace had succeeded in developing a practi-

cable method of great precision for this purpose. Preliminary accounts

of their method have been published in the Journal of the American
Cheinical Society. During the past year, assisted by Messrs. Sease

and Rodgers, they have investigated the vapor-tension of the following

solutions: (a) of mannite from 0.1 to 1.0 weight normal; (6) of sodium
chloride from 0.1 to 3.0 weight-normal concentration.

The most striking development of the year has been the success

attained by Dr. Frazer, assisted by INlr. Myrick, in the measurement
of very high osmotic pressures. The method in the form in which it

has been employed hitherto is satisfactory up to perhaps 60 atmos-

pheres. Under greater pressures the cells frequently burst. In

order to overcome this difficulty Dr. Frazer has reversed the method
of formation in such a manner as to deposit the membrane on the

exterior instead of the interior surface of the cell-wall. The cell is

placed within a bronze container of the necessary strength. The
solution occupies the space between the two, while the porous cell is

filled with water which is in communication with a supply of water
under atmospheric pressure. The manometer is attached to the bronze

container. With such an arrangement pressures up to 125 atmos-
pheres have been measured satisfactorily.

For pressures above 125 atmospheres, glass manometers no longer

suffice, and for such Dr. Frazer has constructed a device for measuring
osmotic pressure by means of the effect of pressure upon the conduc-

tivity of certain alloys. It consists, essentially, of a combination of

the Johnston modification of the Bridgman resistance-gage with the

Corey-Foster bridge and high-sensitivity galvanometer for the

measurement of resistance changes. This equipment, over a range of 50

atmospheres, is sensitive to about 0.02 atmosphere, and over a range

of 500 atmospheres the one in use has a sensitivity of about 0.05

atmosphere. The gage-readings are thought to be correct to about
0.2 atmosphere. With the arrangement in question Dr. Frazer and
Mr. Myrick have measured osmotic pressures up to 270 atmospheres.
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It is witli great regret that the writer announces the retirement of

Dr. W. W. Holland, after nine years of devoted and effective service.

Much of the success of the investigation has been due to his resource-

fulness, skill in difficult manipulation, tireless energy, and unconquer-

able optimism.

Noyes, Arthur A., Massachusetts Institute of Technology, Cambridge,
Massachusetts. Researches upon the properties of solutions in relation

to the ionic theory. (For previous reports see Year Books Nos. 2-14.)

During the past year the researches referred to in previous reports,

on the electromotive forces of concentration-cells and on the equi-

librium-relations of oxidizing and reducing agents, have been continued.

Dr. J. H. p]llis and Mr. F. W, Hall continued the investigation

of the electromotive force of cells of the type H2, HCl, Hg2Cl2 + Hg,

with the purpose of determining the magnitude of the deviations

from the laws of perfect solutions which largely ionized solutes

exhibit; and a description of this work has been published. Difficul-

ties were encountered in the case of solutions more dilute than 0.1

normal, but these have now been overcome by using a silver-chloride

silver electrode in place of the calomel electrode, and accurate results

have been obtained down to 0.003 normal.

These researches have shown a remarkable divergence between the

so-called ionization-coefficient of the hydrochloric acid (as derived

kinetically in the usual way from electrical conductivity measure-

ments) and its ion activity-coefficient as derived thermodynamically

from these electromotive-force measurements. This is shown by the

following table of values of the two quantities

:

Molal concentration . .

Ionization-coefficient.

.

lonactivity-coefficient

.

0.001
0.99
0.99

0.01
0.97
0.93

0.1

0.92
0.82

0.3
0.90
0.78

.
.)

0.89
0.77

1.0

0.84
0.84

2.0

1.06

4.5

2.25

Dr. E. W. Wescott has completed the research on the equilibrium

conditions in aqueous solution of the reaction PbCl2 (solid) + CL
(gas) -h H+Cl~ = H+PbCl5~. The results, which furnish a measure

of the oxidation tendency of plumbous to plumbic lead, will soon be

published.

A new Ime of investigation on the water-vapor-pressure of salt

hydrates (such as CUSO45H2O, Na2HP04l2H20) has been undertaken

and has been actively prosecuted during the past year with the aid

of several assistants. The work has thus far been directed mainly

towards the development of satisfactory experimental methods, to

replace the inexact time-consuming method commonly employed of

allowing the vapor-pressure of the hydrate to establish itself in an

evacuated tensimeter. Two such methods have been worked out.

One of these consists in placing the salt hydrate in one pan of a small
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balance suspended in a large glass desiccator containing dilute

sulphuric acid and varying the concentration of this acid, whose
water-vapor-pressure is well known, till the salt-hydrate neither loses

nor gains weight. Another method consists in shaking the salt-

hydrate with an organic solvent (amyl alcohol) till it becomes saturated

with water from the hydrate and then determining the water-content

of the solvent, to which corresponds a certain known water-vapor-

pressure.

A research has also been started by Dr. W. N. Lacey on the hydroly-

sis at 100° of ammonium salts of very weak acids, such as carbonic

acid, with the view of extending our knowledge of the ionization of

such acids (which is confined to the neighborhood of the room temper-

ature) to higher temperatures.

Richards, Theodore W., Harvard University, Cambridge, Massachusetts.
Continuation of exact investigations of atomic weights and other physico-

chemical properties of eleme7its and simple compounds. (For previous
reports see Year Books Nos. 2-14.)

The following investigations have been conducted during the pa«t

academic year with the assistance of this grant, employing also

permanent apparatus purchased with previous grants as well as with

funds of the university.

1. The Atomic Weight of Isotopic Lead.

This research, conducted with the help of Dr. Charles Wadsworth
3d and Norris F. Hall, was a continuation of that begun three years

ago with the assistance of Dr. Lembert.^ The acquisition of a large

quantity of Australian isotopic lead, through the kindness of Mr.
Bubb of the Radium Hill Company, and the cooperation of Mr. S.

Radcliff, made possible a valuable extension of the work. This sample,

because of its large quantity, could be more thoroughly freed from
common impurities than the smaller samples previously employed;
and it was recrystallized as nitrate and chloride until its ultra-violet

spectrum (photographed by Professor Baxter) and its visible spec-

trum as far as wave-length 7600 (photographed on orthochromatic

plates and studied visually in a Hilger spectrometer) showed no trace

of any line foreign to ordinary lead prepared by Baxter in the highest

degree of purity. Nevertheless, the atomic weight of this substance

was found to be as low as 206.35 (instead of 207.19) and this low
value was not altered by continued purification, as far as we have
yet been able to pursue it. Another especially valuable sample,

obtained from pure selected crystals of Norwegian cleveite through

the kindness of Dr. Ellen Gleditsch of Kristiania, gave the atomic
weight 206.085, the lowest yet found by us, and almost as low as the

lowest found by Dr. O. Honigschmid, who has confinned our results.

'See previous Year Books
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One is disposed to conclude that pure "iso"-lead (assumed to come
from the decomposition of uranium and radium) must have an

atomic weight very near this last value, and that the Australian

"iso"-lead consists of this same substance mixed with about one-third

of its weight of ordinary lead. The mixture has not yet been sepa-

rated by any means as yet employed. Isotopic lead is clearly very

similar to ordinary lead in most of its chemical properties. This

research has just been published.

The following table contains the experimental data and results.

The atomic weight of isotopic lead.

Sample ore.
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4. The Effect of Pressure on the Solubility of Sodium Sulphate.

Continuing the work conducted during the previous year by Dr.

Sill, we sought by this investigation to study with great precision the

thermodynamic relationships involved in a typical case. The experi-

mentation was conducted by Otto Maass (1851 exhibition scholar

from Montreal). The results were interesting, including not only

the direct determination of the quantity in question, but also the

change of volume on solution, the heat of solution, and other data

concerned in the thermodynamic relationship.

5. Surface Tension of Carbon Compounds.

In the Year Book of last year the work done by Mr. L. B. Coombs
with the support of the Institution was briefly reviewed; this work
has since been published. The present research was a continuation

of this, in the hands of Eimiiett K. Carver. Part of the preliminary

work was repeated and verified, new results on other substances were
obtained, and especial attention was given to the vexed questions

concerning the shapes of the meniscus and the other minor correc-

tions. This research will be continued during the coming winter.

6. The Silver Coulometer.

Norris F. Hall continued the study of the irregularities of this

instrument, investigating the causes of inclusion of mother liquor,

the influence of various impurities, and especially the effect of varying

the state of the cathode. The discover}^ of the Bureau of Standards
that platinum black upon the surface of the cathode diminishes the

amount of the deposited silver was confirmed; it was shown that this

source of error could not have greatly affected the earlier Harvard
data found by Dr. Anderegg, but that it was probably large enough
to render doubtful some of the more subtle conclusions drawn from
those results. These matters are to receive further attention in the

near future, and a fuller report may well be deferred.

7. The P^lectromotive Forces Between Different Concentrations of
Liquid Sodium Ajialgams.

Conducted by Dr. J. B. Conant, this research was a continuation

of similar work of this kind described in previous Year Books and in

Publications 56 and 118. Sodiumwas chosen because of its univalent

nature and its great heat of amalgamation. The high chemical

activity of these amalgams necessitated many modifications of

apparatus too complex to be described here, and interfered with the

certainty of the results; but there seems to be no doubt that sodium
amalgams show the same phenomena as thalUum amalgams in greatly

exaggerated degree, as had been expected.
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Sherman, H. C, Columbia University, New York, New York. Continuation

of the chemical investigation of the amylases. (For previous reports see

Year Books Nos. 11-14.)

During the past year the investigations, referred to in previous

reports, upon the chemical properties of three typical amylases of

widely different biological origin, have been continued, chiefly through

detailed quantitative studies of the reactions induced by these enzymes
and of the conditions most favorable to their action.

In the study of pancreatic amylase attention has been directed

especially to the determination of the optimum hydrogen ion concen-

tration and to the measurement of proteolytic activity. Determina-
tion of the exact alkalinity at which this enzyme show^s its greatest

amylolytic power is especially difficult because of the extreme sensi-

tiveness and instability of its solutions. The results thus far obtained

show that the region of optimum activity is not so sharply limited as

in the case of malt amylase reported last year. The greatest

activity of the malt enzyme, whether activated by strong or weak
acid or by acid salt, was found always at Ph"*" 4.4 (within hmits of

experimental error of measurement of hydrogen-ion concentration) ; but

the pancreatic amylase in solutions activated by chloride and phos-

phate shows optimum activity (within limits of error in measuring

the diastatic power) throughout the range of Pr"^ 7.0 to 7.6. Using

carbonate instead of phosphate as alkahne activator, the quantities

resulting in optimum activity have been determined experimentally

and the hydrogen ion concentrations of these solutions are now being

measured. In connection with these figures we would note that

highly purified water, such as was used in these experiments, or water

containing only a minimum addition of neutral salt, showed (as

pointed out by Fales and Nelson and repeatedly confirmed in our

work) an index of 5.6 to 6.2.

The systematic investigation of proteolytic activity in our pan-

creatic amylase preparations necessitated first a careful study and
adaptation of several methods for detecting and measuring prote-

olysis. This study has now been completed and the data prepared

for publication. While space does not permit discussion of these

results, it may be noted that the quantitative methods, and especially

those based upon the measurement of the total nitrogen or amino
nitrogen of digestion products, which are best adapted on theoret-

ical grounds to the purposes of our investigation, can be made quite

as delicate as the merely qualitative tests for products of proteolytic

activity.

Using the quantitative methods thus developed, we have carried

on during the year a somewhat extended series of measurements of

the proteolytic activity, previously noted as an unexpected property

of our purified pancreatic amylase preparations. Whether measured
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by total nitrogen, amino nitrogen, or acidity of digestion products,

by increased conductivity of substrate solution, or by the polarimetric

method, the best pancreatic amylase preparations show a strikingly

high and consistent proteolytic activity of the tryptic type, fully

equal in fact to that of the most active conunercial trypsin which has

come to our notice, though not so high as in certain pancreatic enzyme
preparations made in the laboratory. Our best malt amylase prep-

arations show no proteolytic activity, although tested through a
wide range of hydrogen ion concentrations. This and the fact that

the optimum amylolytic and proteolytic activities of malt extract

are shown at different degrees of acidity are consistent with the general

view that malt amylase and malt protease are independent substances,

whereas in the case of purified pancreatic amylase we have the two
enzymic activities concentrated in the same product and showing

optimum activity at nearly the same degree of alkalinity. These
results, which are now ready for publication, give added weight to

the problem of the exact nature of the relationship which exists

between the amylolytic and proteolytic properties of our purified

amylase preparations, upon which it is hoped that further light may be
obtained through purification experiments directed to the concentra-

tion of proteolytic power.

The course of the hydrolysis of starch to maltose under the influence

of purified malt amylase has been studied, with quantitative deter-

minations of the velocity constant at different stages of the hydrolysis

and under varying conditions of activation and concentration. In

some cases the experiments have been performed on different starch

substrates—the soluble starch ordinarily used, starch pastes prepared

by heating in the autoclave, and the a and /3 fractions of starch as

separated by the method recently developed in this laboratory. In

this connection it has been found that the "delayed iodine end-point,"

previously noted as a difficulty encountered in studying the amylo-
clastic action of purified malt amylase upon soluble starch, occurs

also with each of the new substrates and is therefore to be regarded

not so much as a defect of the method but rather as a characteristic

property of this enzyme. The comparison of the different starch

preparations as substrates also shows that soluble starch is well

adapted to this purpose and that its use leads to conservative esti-

mates of the diastatic powers of purified amylase preparations.

The experiments upon the purification of the amylase of Aspergillus

oryzce and the comparison of its chemical properties with those of

pancreatic and malt amylases are being continued.

The efficient work of those who have collaborated in these investi-

gations, whether as research assistants or volunteers, is gratefully

acknowledged.
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GEOLOGY.

Chamberlin, T. C, University of Chicago, Chicago, Illinois. Study of

fundamental problems of geolocjij. (For previous reports see Year Books
Nos. 2-14.)

A portion of the year was given to the preparation and pubUcation

of a small book on The Origin of the Earth, in which an effort was

made to bring together, in a form as well suited to the needs of the

general scientific reader as the nature of the subject would permit,

the main results of the inquiries set forth in a less connected and more

technical way in Year Books Nos. 3-14, together with such accretions

as had gathered about these. There were included some notable exten-

sion of the details of the planetesimal hypothesis and some new matter

relative to the application of the planetesimal view to terrestrial prob-

lems. Among these was a fuller statement of the origin and extent of

the atmosphere and of the dynamic organization of its outer portion

as deducted from the kinetic theory of gases. This embraced deduc-

tions relative to the mutual interchanges of atmospheres.

The most notable addition to matter previously pubhshed related

to the juvenile shaping of the earth as deduced from its progressive

growth under the conditions of rotation, tidal action, and periodic

shrinkage. The progressive shaping of the earth, as thus set forth,

carries not only a tentative explanation of the great physiographic

features of the earth, but a new view of the mode by which approxi-

mate isostatic adjustment is accomplished. The mitiation and the

early results of this line of study were reported in Year Book No. 12.

The book issued also included some notable extension of the apph-

cation of previous results to the study of stress-conditions within the

earth, with indications of the bearing of these upon the mutations

and changes of state of the interior, as also upon igneous extrusion

and upon the rigidity of the earth.

The possible habitat of the earliest life and the specific geologic

environment under which the physico-chemical syntheses leading up

to organic action found conditions suited to their progressive action

were also set forth in a final chapter.

As the study of the genesis of the earth was undertaken in response

to a feeling that there was urgent need for a basis of interpretation

of early geologic phenomena more closely in accord with the geologic

record than was offered by the theories of genesis then current, and as

a tentative basis of this kind seems to have been found in the plane-

tesimal hypothesis, and as this hypothesis should go through a pro-

longed test of its working qualities before a final judgment is formed,

it has seemed best to rest the cosmogonic inquiry at this stage and

turn to the new aspects of geologic problems that arise under it. It

has, hov/ever, seemed worth while to gather up such incidental cos-

mogonic suggestions as have arisen in the course of the inquiry, even
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though they may have Httle du-ect bearing on the specific problem of

the genesis of the earth. A considerable part of the rest of the year

has been spent in putting this matter in order. Incidental to these

two chief lines of work, some progress has been made on the lines of

geologic inquiry that seem most to invite future attention—the major
dynamics of earth-shaping and the climates of the geologic ages.

Vaughan, T. Wayland, U. S. Geological Survey, Washington, District of

Columbia. Study of the stratigraphic geology and of the fossil corals and
associated organisms in several of the smaller West Indian Islands. (For
previous report see Year Book No. 14.)

During the year from October 1, 1915, to September 30, 1916,

most of the time which could be spared from my fixed duties on the

U. S. Geological Survey was devoted to the completion of three papers
in press as parts of Pubhcation No. 213 of the Carnegie Institution of

Washington. However, the short papers listed on page 38 of this

Year Book were published and the following manuscripts were written

:

An outline of the geotectonic provinces and of the geologic history of the perimeters
of the Gulf of Mexico and of the Caribbean Sea.

An outline of the physiographic features and of the stratigraphic geology of Cuba.

A summary of the geologic history of the coral faunas of the south-

eastern United States, the West Indies, and Central America during
Tertiary and Quaternary time is included in a paper entitled "A reef-

coral fauna from Carrizo Creek, Imperial County, Cahfornia, and its

significance," in press as Professional Paper 98-T of the U. S. Geo-
logical Survey. Collections made during February and March 1914, in

Antigua, St. Bartholomew, and Anguilla were utilized in the preparation
of this paper. The reports on the stratigraphic geology, the paleon-
tology, and the geologic history of Cuba and of the Lesser Antilles,

are ahnost ready for press. There is no need to repeat information
contained in the progress reports pubhshed in Year Book No. 13, pages
358-360, and Year Book No. 14, pages 368-373.

HISTORY.
Andrews, Charles M., Yale University, New Haven, Connecticut. Prepara-

tion of a general history of the colonies in America. (For previous report
see Year Book No. 14.)

Since September 1, 1915, I have continued my investigations as fol-

lows: During September I worked in the New York Public Library
and the New York Historical Society ; during the academic tenn from
October 1 to February 1, 1916, I spent nearly all the week-ends in the
Connecticut Archives; beginning February 1 and continuing until

September 1, I visited Washington, Richmond, Raleigh, Wihnington,
Charleston, and Boston, searching for colonial manuscripts. The bulk
of the material gathered will not be used for some time, but one or two
brief papers are in preparation as by-products of the investigation.
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Osgood, Herbert L., Columbia University, New York. Completion of an
institutional history of the American colonies during the period of the

French wars. (For previous reports see Year Books Nos. 11-14.)

Work on the "Institutional History of the American Colonies"

has progressed steadily during the year, and comparative study of

the thirteen colonies is approaching completion. New Jersey and
Pennsylvania are the only colonies upon v^hich much remains to be
done. Dr. Elmer B. Russell, my assistant, has completed the exam-
ination of manuscript and printed materials in all of the Southern

States and in Pennsylvania and has also gone through a large collec-

tion of pamphlets in the New York Pubhc Library. The collection

of material in this country will soon be completed. Between forty

and fifty chapters have been written, either wholly or in part, but it

will not be possible to publish anything until the British side of the

subject is more fully investigated,

LITERATURE.

Bergen, Henry, Brooklyn, New York. Research Associate in Early English

Literature. (For previous reports see Year Books Nos. 11-14.)

During 1916 I have brought down the revision of the Glossary of

Lydgate's Troy Book to the point reached by the latest part issued

of the Oxford Dictionary (this will probably be half-way through the

letter U) and have completed the final revision for the press of the

text of Lydgate's Fall of Princes. I first intended the Troy Book
Glossary to be, hke all the glossaries appended to works issued by the

Early EngUsh Text Society—simply a hst of the more difficult and
unusual words, together with their definitions. As the Oxford

Dictionary was well under way when I began to collect the material,

I naturally turned to it as my chief source of information; but during

the course of this early work I found that several words in the Troy
Book were not represented in the dictionary at all; that others,

having been cited from the comparatively late and inaccurate printed

editions were wTongly classified, and it turned out on further investi-

gation that certain constructions and many specific uses of words

employed by Lydgate in his Troy Book were registered in the diction-

ary as having made their earliest documented appearance in the

language in texts which in many instances had been written one or

two centuries after Lydgate's death. For this reason I thought it

would be well to broaden the scope of the Glossary and to include

in it all the words used by Lydgate in the Troy Book, together with

as many examples of their different meanings and constructions as

I could conveniently gather, in the hope that in addition to furnishing

material for the study of the language of the period, it might serve

as a foundation for a complete Lydgate glossary and perhaps prove

to be of some value to the editors of the Oxford Dictionary when the

time came for issuing a supplementary volume. This necessitated a
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complete recasting of my work, a fresh collecting of material, as well

as a considerable delay in consequence of having to wait for the

pubUcation of the successive parts of the dictionary, which is now
fortunately almost completed. The delay has caused less inconven-

ience than might have been expected, for the reason that since 1912

I have been working on the Fall of Princes and have consequently

been able to turn from one task to the other as circumstances permitted.

MATHEMATICS.

Morley, Frank, Johns Hopkins University, Baltimore, Maryland. Appli-
cation of Cremona groups to the solution of algebraic equations. (For
previous reports see Year Books Nos. 9-14.)

The second paper embodying Professor Coble's investigation of

point sets and Cremona groups will appear in the October number of

the Transactions of the American Mathematical Society. An abstract

of this paper was given in the Proceedings of the National Academy
of Sciences, volume 2, April 1916.

The third part has been submitted for pubUcation m the Transac-

tions. It deals with the determination of the lines on a cubic surface.

The treatment differs from that of Klein and Burkhardt in three

important points: (1) the transition from the given surface to the

coUineation group arising from the theta functions is accomplished

through the intervention of hnear systems of irrational invariants

of the surface; (2) these groups are introduced by means of a certain

normal form of the hyperelhptic surface analogous to the normal
form of the elhptic curve, the hne being replaced by a Kiimmer sur-

face; (3) the most convenient final problem is the form problem of

the Burkhardt group, for which a solution (hitherto lacking) is found.

In the entire discussion no use is made of an equation of degree

27 or other resolvent equation.

A number of questions suggested by the above, which in a sense

are grouped by their connection with the properties of ''elhptic

quintics in 64," are considered under that title in a paper to be

submitted to the American Journal.

The attempt to connect the general theta functions with point

sets and thereby to get a geometric grip on their properties has been

successful up to a certain point. The general tactical correspondence

between the two is established in the article, "An isomorphism between
theta characteristics and the (2p + 2)-point" which appeared in the

Annals of Mathematics, series 2, volume 17, March 1916. Here, also,

when p = 3 theta-relations are set forth which vitahze the isomorph-

ism. Similar relations have been obtained for p = 4. There remains

the problem of obtaining these relations for any value of p and of

identifying the theta moduh with the irrational invariants of the

(2p -F 2)-pomt.
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MATHEMATICAL PHYSICS.
Moulton, F. R., University of Chicago, Chicago, Illinois. Investigations in

cosmogony and celestial mechanics. (For previous reports see Year Books
Nos. 4, 5, 8-14.)

The investigations of the year which are as yet unpublished are:

(1) Computations of periodic orbits.—Contrary to the report of a year

ago, there turned out to be one outstanding critical case in periodic

orbits which was needed to complete the w^ork which has been under

way a number of years. It proved to be one of great difficulty and

cost eight months' work. It is now believed to be complete.

(2) Functions of infinitely many variables.—The work on infinite

systems of equations, reported on last year, has been greatly extended

in a number of dhections. An application of particular interest is

the dynamics of an infinite universe in which there are galaxies, each

composed of a finite number of stars; super-galaxies of the first order,

each composed of a finite number of galaxies separated by distances

which are great compared to their dhnensions; super-galaxies of the

second order, each composed of a finite number of galaxies of the first

order; and third-order and still higher-order super-galaxies, without

limit, similarly composed of finite numbers of super-galaxies of the next

orders lovv'er. Such an organization is strictly in hannony v/ith obser-

vational experience ; it is analogous to the organization from electrons

through atoms and molecules up to our galaxy ; it contains an infinite

amount of matter and an infinite amount of energy; it may have existed

roughly in its present condition for an infinite time in the past, and

may continue to exist without becoming cold and lifeless for an infinite

time in the future. Moreover, it has been shown that the dynamical

properties of such an infinite universe are the same as those of the visible

universe. This result is by no means trivial, for it has not been true in

some very important suggestions for infinite systems hitherto made.

(3) Evolution of stars.—The consideration of the problem of the

evolution of the stars has led to establishing a number of laws of the

general type of Lane's law. Among these results are:

(a) The absolute temperatures of stars of equal volumes of the

same monotomic gases are proportional to their masses.

(6) The absolute temperatures of stars of the same density and

monotomic gases are proportional to the squares of their radii.

(c) The absolute temperatures of monotomic gaseous stars are pro-

portional to the cube roots of the products of the squares of their masses

and their respective densities. All these laws hold irrespective of the

source of the heat of stars.

(d) Under the assumptions that the heat of stars is entirely produced

by their contraction, and that their rates of radiation at different

temperatures satisfy Stefan's law, it is found that the rate of diminu-

tion of the radius of a star is proportional to the square of its mass.

(e) Under the same hypotheses, the rate of increase of density of a

star is proportional to the cube root of the fifth power of its mass.
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METEOROLOGY.
Bjerknes, V., University of Leipzig, Leipzig, Germany. Preparation of a

work on the application of the methods of hydrodynamics and thermody-
namics to practical meteorology and hydrography. (For previous reports
see Year Books Nos. 5-14.)

Dr. Th. Hesselberg left the service of the Carnegie Institution of

Washington at the end of the year 1915, having been appointed
Director of the Norwegian Meteorological Institute. He has been
succeeded by Mr. Holtsmark.

Previous reports have referred to what we have called frictional

resistance to atmospheric motions. The observations having given

the change of motion during a certain time as well as some of the

forces producing this change (pressure-gradient, deviating force of

the earth's rotation), the problem in its most general form was this:

to find the unknown force which, added to the knov»'n forces, produces

the knov/n change of motion. This unknown force is of a complex
nature, but is, for the sake of brevity, referred to simply as friction.

It has turned out to be possible to obtain fairly constant average
values of this force (c/. previous reports). These average values

being found, we have tried to treat the reverse problem: to determine

the change of motion during a short interval of time (3 hours), all

forces, including friction, being considered as known. As for this

problem we should want the true local and momentary values of the

friction, but we know only certain average values, we do not claim

that the solution must necessarily succeed; but it is desirable to try

it as the most direct way of obtaining further insight into the nature

of ''atmospheric friction."

A great difficulty, however, in this case is the incompleteness of

meteorological data. Wehave begun Vvdth observations from the United
States of America, kindly copied for us by the U. S. ¥/eather Bureau.

They give the meteorological elements at all stations for every hour
during the following periods: 1905, January 1, 2, 3; 1905, November
27, 28, 29; 1911, November 10, 11, 12.

In order to avoid complications due to the topography of the land,

we chose for our investigations the region Umited on the west by the

Rocky JNIountains, on the east by the Appalachian Mountains, on
the north by Canada, and on the south by the Gulf of Mexico.

The fu-st attempts led to apparently absurd results, showing that

the local and momentary values of the friction could differ enormously
from the average values. More detailed determinations of the fric-

tion for the defined region were therefore sought, and a chart of

friction was drawn, derived only from winter observations. In order

to realize as far as possible the conditions corresponding to average
friction, and in order to reduce at the same time the effect of the errors

of observation, the observed winds and the observed gradients were
averaged, on the one hand for periods of 3 hours, on the other hand
for areas of 250 square kilometers. We obtained in this way charts
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of wind and charts of pressure of a much simpler description than

the original ones. But in spite of these simphfications, no satisfactory-

correspondence could be obtained between the calculated changes of

motion and those obtained from the observations, showing thus that

the irregularities of friction are not sufficiently smoothed out by this

averaging for short intervals of time and for small areas.

These investigations are not yet finished. Especially will it be

important to take them up for Europe. Here the conmion meteoro-

logical observations are not so satisfactory. But we have the oppor-

tunity of choosing the days of the international meteorological ascents,

and thus to study the phenomena on the base of a tolerably complete

knowledge of the motion of the higher atmospheric strata.

One of the possible explanations of the difficulties met with in

these investigations on friction may be motions of the type of waves

or of oscillations. The theory of atmospheric waves has therefore

been made the subject of further investigations. A first paper,

giving the fundamental equations of these waves, has been pubhshed

(see list of pubHcations, p. 30), and two further papers giving special

integrations are in preparation.

In order to apply the laws of thermodynamics to atmospheric

processes, complete tables have been worked out for calculating

energy and entropy of moist air. Parallel with this practical ther-

modynamic work, our theoretical investigations have led to important

results concerning the atmosphere and the sea considered as heat

engines (see list of pubUcations, p. 30).

A mixed dynamic and thermodynamic investigation concerning the

trade-winds has been taken up, based on observations collected in the

region of the north Atlantic trade-wind by Rotch, Teisserenc de Bort,

and Hergesell. Charts have been drawn representing average tempera-

ture, average pressure, and average horizontal motion in all levels up

to the height of 10 km. By use of the equation of continuity the corre-

sponding vertical motion has been derived. On the basis of these

data a thermodynamic discussion of the trade-wind will be attempted.

In connection with the above special investigations on dynamics and

thermodynamics of the atmosphere, the preparation of volume III,

"Dynamics," of the work "Dynamical Meteorology and Hydrog-

raphy" has been continued.
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NUTRITION.
Osborne, T. B., and L. B. Mendel, New Haven, Connecticut. Continuation

and extension of work on vegetable proteins. (For previous reports see

Year Books Nos. 3-14.)

Our recent experiments corroborate the belief that different proteins

have unlike physiological values in nutrition. The most important

method of demonstrating this determines the minimum of each protein

required for nutritive equilibrium. Earlier experience indicated differ-

ences in the relative nutrient efficiency of different proteins—inequalities

which formerly were not taken into account in the practice of feeding.

Our experiments were limited by the quantitative inequalities of the food

ingested by the experimental animals.

Further maintenance experiments consequently were undertaken,

in which the daily food intake was limited to a fixed quantity, the

protein concentration being adjusted until no essential gain or loss

of body-weight ensued. The absolute intake of the added protein

per gram of animal per week established a protein minimum for

maintenance in each experiment. Comparisons have been made in

this way at different levels of body-weight, so that the factor of size

might be taken into account. The total energy intake was suffi-

ciently Uberal to permit considerable growth had the supply of

protein been sufficient. In addition to the adequacy of the fats and
carbohydrates, the inorganic constituents as well as the food ''acces-

sories" were fed in absolutely the same amount daily. The added
protein thus represented the only important variable in the experi-

ments which were in all cases sufficiently long to justify a decision

regarding a permanent gain or loss of body-weight. The results fully

justify our earlier conclusions, particularly regarding the nutritive

superiority of lactalbumin.

It may be expected that where growth is involved the inequaUties

between the different proteins would more readily manifest themselves.

The difficulties of ascertaining the protein minimum for growth are

decidedly greater than for maintenance; for by growing, the animal

alters its needs from day to day so that it is not easy to establish a

unit of comparison. It is then essential to make comparative studies

of growth under conditions in which the total caloric intake, the

absolute amount of protein eaten, the quantities of inorganic salts,

or amount of "food accessories," are strictly comparable.

In one series of trials the experiments were varied in respect to the

protein of the diet. The food intake was so adjusted that in any
event there would be no unnecessary surplus of food ingested. The
rats—all males—were of approximately the same body-weight (45 to

50 gm.) at the beginning of the experiment. The trials were begun
with lactalbumin, edestin, and casein, the latter alone or with addi-

tions of cystine or alanine. The period of comparison in this series
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lusted 77 days. The animals consumed practically all of the food

offered, so that the food intake of each scarcely varied more than
2 or 3 gm. We thus found that the average total gain in 11 weeks
upon the diet containing 14.8 per cent of lactalbumin was 122 gm.,

in contrast with a gain of 105 gm. and 95 gm. on similar diets con-

taining 16.2 per cent of casein and 16.7 per cent of edestin respec-

tively. With 19.8 per cent of casein or 20.5 per cent of edestin the

total gains were below those obtained on the same dail}' intake of

food contaimng 9.9 per cent of lactalbumin.

Since the food intakes were strictly comparable and the trials

extended over long periods, the superior nutritive efficiency of lact-

albumin is thus demonstrated. Incidentally, inasmuch as the animals

all received the same amount of food on corresponding days, the

rapidly growing ones, fed with the superior growth-promoting pro-

teins, were actually at a disadvantage.

Wlien casein was supplemented by cystine, so as to make the

quantity of this amino-acid equivalent to 3 per cent of the protein,

a smaller quantity of casein sufficed for a given gain in weight; thus,

whereas on a diet containing 8 per cent of casein the total gain during

11 weeks was 71 gm., in contrast with 77 gm. gained on an otherwise

comparable food containing 8 per cent of lactalbumin, the addition

of cystine to an 8 per cent casein diet led to growth equal, while the

experiments lasted, to that on the 8 per cent lactalbumin diet. It is

unlikely that this result is due to a stimulating action of the cystine;

for the substitution of alanine, under precisely similar conditions, failed

to induce more rapid growth.

The only strict basis for com.parison is afforded by experiments in

which the animals receive the some amount of food during the same
period of time and make the same gain in xceight. In order to eliminate,

as far as possible, inequalities in the rate of growth of different

individuals and also to be certain that no protein would be 'Svasted"

by feeding more than the individual could actually utilize in the

metabolism of growth, the concentration of protein in the rations of

the present series was lowered so that with a sufficient total energy

intake, the protein furnished was insufficient to permit average normal
growth. For these experiments a diet containing 8 per cent of

lactalbumin Avas taken as a standard with wliich edestin and casein

(alone or with cystine or alanine) could be compared. Under these

conditions of nutrition, identical except as regards the quantity of

protein eaten, lactal]:)umin proved to be superior to both casein and
edestin. Thus there were required to produce the same gain in body-
weight 12 per cent of casein (50 per cent more than of lactalbumin)

and 15 per cent of edestin (nearly 90 per cent more). AVith the

lower concentrations of casein or edestin the rate of growth was in

every case noticeably behind that produced by the standard lactal-

bumin food. In this series, likewise, the addition of cystine, equiva-
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lent to 3 per cent of the casein used, effected considerable economy,

as shown in the table below. We thus see that the addition of cystine

rendered the casein so much more efficient for growth that, on the

average, 18 per cent less protein produced 12.5 per cent mxore growth.

Protein in food.
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of the hormone deemed essential for nutrition and furnished in fat-

free milk.

Yeast has been shown to contain food hormones of at least one
type, if not more. Added to our "artificial protein-free milk," yeast

makes this salt-lactose mixture more efficient for nutritive purposes,

so that it closely resembles the highly efficient natural "protein-free

milk" in its nutritive potency. The use of yeast as a source of food

hormones will enable us greatly to extend the field of our investigations.

As an incident to our studies of "protein-free milk" as a suitable

source of the essential inorganic salts, as well as certain food hor-

mones, for nutrition we have found that the mother liquors obtained

in the crystallization of commercial milk sugar and now thrown away
as useless waste can be made quite as effective as the laboratory-made
"protein-free milk" of similar origin. It would appear that in these

waste liquors a valuable food product has been overlooked, which is

destined to supplement admirably certain natural foods deficient in

the milk ingredients. There is no reason why this material should not

become available on a commercial scale.

In continuation of more purely biological studies of growth, we
have demonstrated, for the albino rat, that after periods of suppres-

sion of growth, even without loss of body-weight, growth may proceed

at an exaggerated rate for a considerable period. This we regard as

something apart from the rapid gains of weight in the repair or recu-

peration of tissue actually lost. Despite failure to grow for some
time, the average nonnal size may thus be regained at a rate more
rapid than that of normal growth.

The success of our mixtures of properly selected isolated food

substances as an adequate diet (as well as our caging conditions) for

the nutritive welfare of the rat as an experimental animal is attested

by the fact that we have maintained an individual in health for more
than three years in a small cage on a unifonn food mixture containing

one isolated protein (casein), starch, butter-fat, and "protein-free

milk"; and rats have been carried into the fifth generation on the

edestin diet alone. The adequate possibiUties of satisfactorily con-

ducting various sorts of experiments under definite and comparable
dietary and environmental conditions are thus demonstrated.

Prolonged feeding with foods containing butter-fat or butter-oil

show the pronounced stability of the growth-promoting substance

contained in butter-fat under ordinary conditions of storage. How-
ever, in the butter "oil," in which the growth-promoting factor is

more concentrated than in the original fat, gradual deterioration

occurs, so that within a year this characteristic potency is almost
completely lost.

The possession of a number of rats which had been stunted by
dietary procedures at a small size for very long periods of time and
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had then resumed growth, as a result of changes in the dietary, has

enabled us to determine to what degree this treatment had affected

the physiological life of the individual. Donaldson states, in his

monograph on "The Rat," that "the menopause in females of this

species commonly appears at an age of 15 to 18 months, but King
reports a female 22 months old—crossed with a male of like age

—

giving birth to a litter of one." Our own records show females which
were stunted to the ages of 538, 380, 396, and 425 days respectively,

giving birth to litters of young at 28 months (3 young), 25 months (2

young), 22 months (8 young), and 20| months (10 young). This indi-

cates that the sexual cycles have merely been delayed by retardation

of growth instead of disappearing at the end of the usual chronological

period at which fertility is supposed to be lost by albino rats.

Recently we have applied to the growth of chickens some of the

dietary experiences gained in the past few years in our studies upon
the albino rat. Although the statements in the literature as to the

possibility of conducting such experiments were far from encour-

aging, we have already succeeded in demonstrating the distinction

between rations rich and poor respectively in lysine upon the growth
of these birds. Thus of two chickens from the same brood kept

upon diets strictly comparable except as to their protein constituents,

one upon a corn gluten food (low in lysine) gained only 52 grams in

55 days, whereas another on a corn gluten + lactalbumin food (rela-

tively rich in lysine) gained 283 grams in the same period, both having
been kept under precisely comparable cage conditions in the laboratory.

These results with birds, which agree so precisely with those obtained

with rats, practically demonstrate that the amino-acid requirements

shown by our experiments with the latter animal may be considered

as fundamentally essential to the nutrition of animals in general.

Feeding trials with foods containing "protein-free milk" have
shown this to be greatly superior to artificial imitations containing

lactose and salts in the same proportion as in the natural product.

The known constituents of "protein-free milk" form upwards of 95
per cent of this material; consequently, among the remaining sub-

stances, we must seek for those which have such a potent influence

over the processes of maintenance and growth. Since our feeding

experiments have required the production of large quantities of

"protein-free milk," an exceptional opportunity has been afforded

for studying those constituents of milk which are present therein in

relatively small quantities.

Our experience has long indicated that at least two such substances

are present; one, soluble in the butter-fat, is essential for long-con-

tinued growth; the other, soluble in water and associated with the

non-fat elements of the milk, is required for normal long-continued

maintenance. The experiments made by McCollum and his asso-
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ciates have led him to the same conclusion and to name these hypo-
thetical compounds fat-soluble A and water-soluble B. The existence

of such substances, which was first indicated by Hopkins, and subse-

quently by many others, notably Funk, who named them vitamines,

is now generally recognized, and it is almost universally accepted

that they are widely distributed among our ordinary articles of food.

Milk appears to contain all of such substances required for both
maintenance and growth, and under conditions which appear more
favorable for future attempts to determine their nature than those

presented by other food products. It has thus seemed to be advis-

able for us to attempt to learn as much as possible of the properties

of all substances which we can isolate from milk, even in minute
proportion. Although most of these will doubtless prove to be of

quite subordinate importance in nutrition, a definite and precise

knowledge of their amount and properties will greatly facilitate the

search for other substances.

The subject of our first paper dealing with the constituents of

milk related to the presence of phosphatides in this important food

substance. We have since determined the distribution of these

phosphatides among the various fractions into which milk is separated

in our process of making "protein-free milk."

A previous examination of butter fat, centrifuged at high speed,

showed the presence of so small a trace of phosphorus that this fraction

may be considered to be practically free from phosphatides. Our
present investigation of the "protein-free" milk, i. e., the fraction from
which fat and protein had been removed as completely as possible,

failed to yield an}* trace of phosphatides which could be extracted

either by alcohol or chloroform. It thus appears that this class of

substances is only associated with those fractionswhich contain protein.

Distributimi of Fhos-phaiides in One Liter of Whole Milk.

1 liter whole milk.
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water. It is possible that these, Hke the phosphatides, may be also

combined with protein. Similar fat-like products appear always to

accompany the lecithins of different origin, and these deserve more
attention than they have received in the past. We hope to have an
opportunity soon to investigate this long-neglected question.

Much time has been devoted to extending our present quite incom-
plete knowledge of the proteins of milk, and manj'- data have been
collected. The lactoglobulin has been separated from the lactal-

bumin and the relative proportions and chief characteristics of these

two proteins have been more definitely established than in the past.

We have demonstrated the presence, in perfectly fresh milk, of

not insignificant amounts of protein having the properties of proteose,

and have made preparations in sufficient amount for ultimate analyses

and studies of their properties. The alcohohc washings of our casein

preparations, as noted in our last report, contain a small amount of

protein which has approximately the same degree of solubility in

relatively strong alcohol as ghadin from wheat. Time-consuming
efforts have been made to determine whether this protein is an
original constituent of milk or an alteration product of casein, pro-

duced during the precipitation of the latter. ^Vhile conclusive evidence

on this point has not yet been obtained, little doubt remains that it is

originally present in perfectly fresh milk.

In making our ''protein-free milk," the milk serum, from which
the casein was removed by precipitating with dilute acid and the

heat-coagulable proteins by boiling, gives a precipitate when neu-
tralized with alkaU, which consists of approximately two-thirds

calcium phosphate and one-third protein. A part of this protein,

probably consists of lecithalbumin, as we have already indicated, but
what relation the rest may have to the other proteins of the milk
remains to be determined. It is expected that the anaphylaxis reaction

will help to solve this question as it has already helped in determining
the individuality of the other milk proteins. In carrying out these

anaphylaxis tests we have had the hearty cooperation of Professor

H. G. Wells, of Chicago. The results which he has obtained illustrate

in a most striking way the value of this method for differentiating

the several proteins contained in a solution, or in an extract, as well

as for demonstrating the completeness of their separation from one
another. The results of this study of the milk proteins will be published
as soon as the relations of a few new preparations have been determined
by the anaphylaxis reaction.

Several attempts have been made to fractionate the "protein-free

milk" by crystallization from alcohol of gradually increased strength,

in the hope of obtaining evidence of the existence of a growth-promoting
alcohol-soluble substance. Thus far no fractions have resulted which
showed any favorable influence on the growth of young rats.
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It has been shown that an optunum proportion of some amino-acids

must be available in the food if a maximum rate of growth is to be

attained. This fact makes it of economic as well as scientific interest

to know the amino-acid make-up of food proteins, so that suitable

combinations of them may be furnished in the diet. Van Slyke's

method of protein analysis should furnish information respecting the

relative amounts of nitrogen belonging to some of the individual

amino-acids as well as to various groups of them. We have conse-

quently given attention to Ritthausen's method for precipitating the

total protein from extracts of food products by means of copper

sulphate.

We have further devoted our efforts to determining the amount of

nitrogen extracted from several seeds by various solvents, as well as

to the conditions under which the most could be extracted. As this

work is preliminary to more extensive investigations, the results now
available will serve as a guide for future studies.

Analyses made in Van Slyke's laboratory, showing the distribution

of nitrogen in gliadin and lactalbumin, did not agree, especially in

respect to lysine, with analyses made in this laboratory by Kossel's

method. Since Van Slyke's method, if reliable, should give a general

idea of the peculiarities of the amino-acid make-up of proteins, or

products rich in protein, it seemed desirable to cooperate with this

investigator in an effort to determine the degree of agreement to be

expected between results by the two methods. The outcome has

been a substantial agreement, secured by slightly modifying each

method. We have also made several other analyses by Van Slyke's

method in order to secure data necessary to the development of

methods whereby a knowledge of the characteristic features of the

amino-acid make-up of the total protein of food substances can be

obtained without too great an expenditure of time and labor.

Work on the immunological relations of the vegetable proteins in

cooperation with Professor H. G. Wells has been continued. Further

studies of the anaphylaxis reaction between proteins from seeds of

different genera have shown that typical and severe reactions may
sometimes be obtained when proteins isolated from seeds of different

genera are employed. In every case such reactions have been

developed only by preparations of proteins so nearly alike that

differences between them have not been detected by physical or

chemical means, or else the differences found have been so slight

that it seems highly probable that the proteins concerned are very

similar in chemical constitution. Such reactions can be attributed

to common reactive groups in these different proteins, evidence of

which was given in an earlier paper dealing with the proteins of wheat

and barley.
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PALEOGRAPHY.

Loew, E. A., Oxford, England. Continuation of investigations upon ancient

Latin minuscule writing. (For previous reports see Year Books Nos.
9-14.)

During the fall and winter months Dr. Loew saw through the

press his transcript of the Bobbio Missal, reference to which was
made in his previous report. The volume will be ready for publica-

tion as soon as the introduction is printed ; but it is necessary to make
another thorough examination of the original and of similar manu-
scripts which may be preserved in the Bibliotheque Nationale. The
volume of plates which accompanies the volume of text will probably

not see hght before the war is over, as the Italian printer depends for

his material upon a German firm.

Last June Professor Rand and Dr. Loew discovered the oldest

extant manuscript of the letters of Pliny the Younger, the possession

of J. P. Morgan, and at the December meeting of the Philological and
Archeological Association held at Princeton they read a joint paper on
this manuscript. The manuscript has a double claim on the interest

of classical scholars. It is three centuries older than the oldest manu-
script heretofore used in an edition of Phny; secondly, it is a member
of the best class and, as Professor Rand ingeniously proves, the very

manuscript which was used by Aldus in his edition of Pliny's letters,

and which has been lost ever since. It is planned to publish a small

volume containing the results of their study of the manuscript.

During the winter and spring Dr. Loew gave lectures before the

universities of Harvard, Cornell, Princeton, Michigan, North Carolina,

and South Carohna.

PALEONTOLOGY.

Case, E. C, University of Michigan, Ann Arbor, Michigan. Study of the

vertebrate fauna and paleogeography of North America in the Permian
period, with especial reference to world relations. (For previous reports

see Year Books Nos, 2, 4, 8-14.)

During the summer of 1916 Mr. Case was occupied in following

the boundary hne between the Permian and Pennsylvanian beds in

Kansas, Oklahoma, and Texas, and comparing the Red Beds of these

States with those of New Mexico and the Trans-Pecos region of

Texas. The eastern border line was followed through Kansas and
Oklahoma and south in Texas as far as San Angelo. In this part of

the work careful observations were taken of the structure and material

of the formations in preparation for an attempt to interpret the

paleogeography of the periods in which they were deposited with

especial reference to the vertebrate life. In addition to the material

gathered on this phase of the work it was determined that vertebrate

fossils occur much farther east than has previously been reported.
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traces of the typical vertebrate fauna being found near Paul's Valley,

Oklahoma, and Blue Grove, Texas. Recognizable fragments were

also found south of Abilene, Texas, near Buffalo Gap.

From this point the observations were carried south to San Angelo

and thence west to Pecos, Texas. From Pecos the trip was extended

north and west into the Rustler Hills and then to Roswell. From
Roswell the party turned west through the Capitan and Oscura

Mountains to Soccoro, New Mexico. Near Carthage, New Mexico,

Red Beds were examined, at the suggestion of Mr. N. H. Darton, of

the U. S. Geological Survey, and remains of vertebrates were found

for the first time, which showed these beds to be Triassic in age.

Other beds were examined in the Valle del Ajo de la Parida region,

northeast of Soccoro. Here typical Permian bones were found in the

lower part of the beds, the first that have been found in this region ; the

upper part of the beds was shown to be barren and possibly Triassic.

The expedition resulted in the accumulation of considerable valuable

data upon the paleogeography of the Red Beds and in the determina-

tion of the age of a part of the Red Beds of New Mexico which have

hitherto been called Penno-Triassic.

Hay, Oliver P., U. S. National Museum, Washington, District of Columbia.
Investigation of the vertebrate paleontology of the Pleistocene epoch. (For

previous reports see Year Books Nos. 11-14.)

During the past year Dr. Hay has pursued his investigations on

the vertebrate paleontology of the Pleistocene epoch in North Amer-
ica. The holding of the Panama Pacific Exposition at San Francisco

offered the opportunity to visit various museums on that coast. Small

collections were examined at Salt Lake City and at Portland. Some
interesting materials were studied at Leland Stanford University.

At San Francisco free access was given to the fossil vertebrate collec-

tions at the Museum of the CaUfornia Academy of Sciences and at

the Memorial Museum, both in Golden Gate Park.

However, the principal purpose in going to that coast was to study

the materials which have been collected from the asphalt pits near

Los Angeles. These materials are principally at the University of

California, at Berkeley, and at the Museum of History, Science, and
Art at Los Angeles. An astonishing amount of vertebrate remains

has been gathered, the study of which will extend greatly our knowl-

edge of the life of Pleistocene time.

Recently Dr. Hay visited Baltimore and Rutgers College, in order

to examine various collections.

A week at the end of October was spent in investigating the verte-

brate fauna of Pleistocene beds in Florida in which human remains

occur, either by primary or secondary deposition.

Since the last report a considerable amount of vertebrate remains,

other than that mentioned above, has been studied, much of it sent
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in by collectors. A noteworthy specimen is a nearly complete skull

of an extinct horse, found in the gold-bearing silts near Dawson, Yukon.
Within the year the writer has pubhshed a paper {Proc. U.S. Nat.

Mus., vol. 51, pp. 107-123, pis. 3-7), describing a new species of

ground-sloth (Nothrotherium texanum) and a glyptodont {Glyptodon

petaliferus) , both from Texas. The latter was based by Cope on a

half of one plate of the carapace; the writer is able to describe a large

part of the skull and skeleton. Both specimens described belong to the

U. S. National Museum. In another paper (8th Ann. Rep., Fla. Geol.

Surv., pp. 39-76, pis. 1-8) fourteen new species of tortoise belonging

to the Pleistocene of Florida were described.

Wieland, G. R., Yale University, New Haven, Connecticut. Continuation

of investigations on fossil cycads. (For previous reports see Year Books
Nos. 2-4, 6-9, 11-14.)

During the year volume II of the American Fossil Cycads was
pubhshed by the Carnegie Institution of Washington and La Flora

Liasica de la Mixteca Alta with atlas appeared in Boletin 31 del

Instituto Geologico de Mexico. Volume II of the American Fossil

Cycads deals primarily with the silicified forms, but is in a certain sense

a manual on the cycadeoids. Its logical continuation is a more exacting

treatise on anatomy. This is planned, and much of the work of the

past year is preparatory to such a continuation. The contribution

on the Mexican Liassic enters the broader field of early Mesozoic

floras. Of these, whether large or small, there is to-day scarcely one

which does not invite restudy.

PHILOLOGY.

Churchill, William, Philadelphia, Pennsylvania. Research associate in

primitive philology. (For previous report see Year Book No. 14.)

In the past year I have completed the examination of the available

hnguistic material of the Sissano people who live upon the Ar6p-Ser

lagoons along the north coast of New Guinea, 65 miles east of the

boundary of the Dutch moiety of that continental island. Although

the vocabulary material is of extreme paucity, the intensive study

to which it has been subjected estabUshes this station as one of great

critical importance in the identification of the folk migration of

Polynesian ancestors out of Indonesia eastward toward their present

Pacific homes under the expulsive influence of the Malayan swarm
into Indonesia from the west. It reveals to us a fresh chapter in the

conmion history of the dawn of human society, the shattering of a
well-established stone-age society by the coming of a society which
has attained to the metal culture. When we make the acquaintance

of the Polynesians they are found to be living in neolithic culture;

their implements are of pohshed stone. The Malayan races, arriving
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in Sumatra at a period which it is not difficult to synchronize with

the fifth century before the Christian era (the migration of Arishtan

Shar), possessed a metal culture and probably had already passed

from the chalcolithic to that of iron or even of the milder steels.

With the possession of the better weapon the Malayans wrote upon
the historj^ of the Proto-Polynesians in Indonesia the same sort of

record which the Armenoid culture of the bronze knife wrote upon
the stone age in Europe.

The possession of this linguistic material from Sissano has made
it feasible to devote particular attention upon a most important

detail in the discovery of the migration tracks. When the first results

of these studies were presented in ''The Polynesian Wanderings"

the hypothesis was advanced, and supported by no inconsiderable

evidence, that out of Indonesia two migration tracks of the earliest

folk movement were discoverable. One of these was considered to

have followed the northern coast of New Guinea, thence through the

Solomon Islands to Nuclear Polynesia, the Samoa Stream sufficiently

identified by its terminus ad quern in the Pacific. The other, simi-

larly distinguished as the Viti Stream, was considered to have followed

in Indonesia the southern chain of islands from Java to Timor Laut,

thence by way of Torres Straits to the New Hebrides and to an ulti-

mate destination in Fiji and by convection within Nuclear Polynesia

to a junction with the other migration of the race. The critical

point in establishing this Viti Stream, the Samoa Stream not being

disputed by our authorities, lies in the language stations in the Gulf

of Papua. The crux of the problem inheres in this question: Was
this great mass of Polynesian speech in the Gulf of Papua brought to

the Motu and kindred New Guinea folk directly by migrants advanc-

ing eastward by way of the easy route through Torres Straits, or did

it derive from the northern stream by reverse coastwise voyaging

after reaching the eastern point of the island? In this study this

critical point has been investigated with great care and evidence has

been massed to the proof of the former hypothesis of the Torres

Straits migration, for it has been established that the Polynesian

material in the languages of the Gulf of Papua could not have derived

from the northern stream and that it must have arrived directly from

Indonesia through the southern, or Torres Straits, exit of migration.

This final point satisfactorily established, these studies now pass

from the problems of the early migrations to the more intensive study

of the Polynesian speech as we now find it in use over a wider extent

of the earth's surface than has been reached by any language family

until the discovery of modern means of communication.

At present attention is concentrated upon the mass of manuscript

material of Samoan myth and tradition in the preparation of the

dictionary of that language. During the year I have put into final
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shape for publication some 500 folios of the courtesy phrases of

Samoan life (the fa'alupega). In this work I have completed the work
for the lesser archipelago of Manu'a and have covered rather more
than half of that for our other American possession, the island of

Tutuila. At the present rate of progress it is hoped to have this

specific study completed for the whole of Samoa in the next j'ear.

In such work as this it is apparent that two stages are requisite. In

the former the unpublished material which has been gathered pain-

fully from not always willing Samoan sages must be edited, translated,

and annotated and printed in order to be set within the reach of

students. In the latter stage this material must be assembled in

a lexicon, with the fullest possible gathering of material derivable from
other branches of the language family.

Acknowledgment is to be made of the generous hospitality extended

by the University of Pennsylvania, the American Philosophical

Society, and the Academy of Natural Sciences of Philadelphia; their

library facilities have been placed unreservedly at my disposal, and
thus I have been enabled to collate a greater number of the series of

transactions of the great learned societies of the world than would be

feasible elsewhere in this country ; it could be equaled only in the greater

centers of scientific life in Europe, and that recourse is for the present

closed to the student.

PHYSICS.

Bams, Carl, Brown University, Providence, Rhode Island. Continuation of

investigations in interferometnj . (For previous reports see Year Books
Nos. 4, 5, 7-14.)

Professor Barus has just submitted to the Institution a complete

account of his recent experiments in interferometry.^ One part of

these researches contains the results of such applications of the dis-

placement interferometer to which advance reference was made in

the preceding annual report. The other part treats of the phenomena
of superposed identical spectra. The account has been given chron-

ologically, although many of the anomalous features, in which the

interferences first presented themselves, were largely removed in the

later work; for the methods used in the several papers, early and later,

are throughout different. It therefore seemed justifiable to record

them, together with the inferences they at first suggested. The
pursuit of the subject as a whole was made both easier and more
difficult by the unavoidable tremors of the laboratory, inasmuch as

it is possibly easier to detect an elusive phenomenon if it is in motion
among other similar stationary phenomena; but it is certainly difficult,

thereafter, to describe it.

1 Carnegie Inst. Wash. Pub. No. 249.
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It will be convenient to refer to the cases in which one of the two
coincident spectra, from the same source, is rotated 180° with refer-

ence to the other, on a transverse axis {i. e., an axis parallel to the

Fraunhofer lines), imder the term "reversed spectra"; while the term
''inverted spectra" is at hand for those cases in which one of the

paired spectra is turned 180° relative to the other on a longitudinal

axis (i. e.j an axis parallel to the length of the spectrum). In the

book in question^ the latter are merely touched upon, but they are

now being investigated in detail and give promise of many interesting

developments. A full account is given of what may be seen with a

single grating, the linear phenomenon, as it is called, and which if it

stood alone would be difficult to interpret.

The interferences of the reversed spectra are therefore treated by
the aid of two gratings, in virtue of which a multitude of variations

are inevitably introduced. The linear phenomenon becomes cross-

hatched. The phenomena of reversed spectra are thus exhibited in

a way leading much more smoothly to their identification. Their

resemblance to the diffractions of two independent, spectrally sym-
metrical half-wave fronts of hke origin and under separate control

is marked. The effect of the occurrence of trains of beating light-

waves is less apparent.

Section III contains a comparison of the interferences of reversed

and non-reversed spectra, the latter produced in a way quite different

from the author's earUer work. Naturally these in their entirety

are even more bewilderingly varied, and particularly so when (in

section IV) an intermediate reflection of one spectrum is admitted.

But with all this the present work is on more familiar ground, as the

author has hitherto, in the publications of the Carnegie Institution

of Washington, given such investigations particular attention.

The flexibility of the new methods is well shown in section V,

where separated component spectrum beams may with equal facility

be made to impinge in parallel or cross each other at any angle, or

perhaps both, with the double result visible in the field of the telescope.

In case of crossed rays a remarkable phenomenon is shown, in which

very small differences in wave-length imply remarkably large differences

in rotational phase (virtually resolving power) of the two intersecting

groups of interference fringes, due to the wave-lengths, respectively.

Spectra obtained with two gratings, or at times even with one grating,

are often annoyingly furrowed with large transverse fringes. These are

also investigated and referred to diffractions resulting from residual

errors in the rulings. Finally, several examples of the new methods

of investigation are given, showing the important bearing of the

diffraction at the slit of the collimator in all these experiments. The
real or virtual cleavage of a field of diffracted rays as an essential

preliminary is here put in direct evidence.
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Hayford, John F., Northwestern University, Evanston, Illinois. Investiga-

tion of the laws of evaporation and stream-flow. (For previous reports

see Year Books Nos. 12-14.)

The primary purpose of this investigation is to determine the

amount, and the relation to meteorological conditions, of the daily

evaporation from a large free-water surface, such as a lake or a large

reservoir. In using any one of the Great Lakes for this purpose it

is necessary to evaluate the income to the lake from all sources, the

outgo, and the change of content of the lake, day by day. The
change of content becomes known if the change in the mean level of

the whole lake surface is ascertained. The most serious difficulties

encountered in determining the change in the mean level of the whole

lake surface are those which arise from the fact that changes in the

barometric gradients over the lake and changes in the direction and
velocity of the wind produce fluctuations in the level of the water-

surface at the gage which is the station of observation. One must
evaluate these local changes of level with a high degree of accuracy

before it is possible to determine the outgo in the form of evaporation.

During the year covered by the report attention has been concentrated

almost exclusively on the determination of these local barometric

effects and local wind effects.

The progress made during the year in determining the barometric

effects has consisted merely in securing better values for the eight con-

stants which express the barometric effects upon water-level at a given

station. No change has been made in the formula expressing the effects.

As to wind effects, the work of the year has confirmed conclusively

the indications which had formerly been secured that it is necessary

to take into account the wind velocity and direction for each hour,

rather than the mean velocit}'' and prevailing direction for each day.

It has also been demonstrated that eight wind-directions must be
considered. Four directions are clearly insufficient. At the close

of the year an attempt is in progress to detennine the lag in the wind
effects, to determine whether the effects are cumulative, and to deter-

mine the exponent which expresses most accurately the relation

between the observed wind velocity and the disturbance of water-

level produced by the wind. The exponent was originally assumed,

in this investigation, to be 2; that is, the disturbance of water-level

was assumed to be proportional to the square of the wind velocity.

This attempt is being made by the use of the method of least squares

applied to observation equations in which the absolute term in each

equation is the change in water-level at a gage in one hour apparently

due mainly to changes in winds. The attempt has not progressed far

enough to justify confident statements as to its possible success and
as to the probable conclusions. The indications are that it will be
moderately successful, that the lag in wind effects is probably small,
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that the wind effects are probably cumulative to an appreciable extent,

and that the exponent in question is slightly greater than 2.

Stream-flow has not yet been studied in this investigation, as the

most favorable time is not yet here.

Howe, Henry M., Columbia University, New York, New York. Research asso-

ciate in metallurgy. (For previous reports see Year Books Nos. 6-14.)

The following are the most important items of the 1915-16 work,

which has been chiefly on eutectoid carbon steel. This was chosen

because it has the simplest constitution.

(1) Detennination of the influence of time as distinguished from

temperature, in the tempering of hardened steel, on the hardness and
micro-structure, showing approximately what longer time at a lower

tempering temperature is equivalent to given time at a higher one.

(2) Determination of the influence of the quenching temperature

on the hardness, density, constitution, and micro-structure of hardened

steel.

(3) The temperature of the transfonnation, Ari, is lowered at

least from about 725° to 625°, if not to 520°, by successive accelera-

tions of the rate of coohng, and it is lowered about 5° by raising from
800° to 900° the temperature reached in the heating.

(4) The rise of temperature during the transformation increases

with the rapidity of cooling to a maximum which may reach 18°,

and with further acceleration of the cooling in turn decreases.

(5) Within wide limits the rate of cooling from 650° down affects

neither the micro-structure, hardness, nor tensile properties, unless

the cooling from above the transformation range to 650° has been at

least relatively rapid.

(6) Lamellar pearlite is present when the cooling is at an inter-

mediate rate, slow enough to allow it to form, apparently through

under-cooling, yet not slow enough to allow it in turn to dissociate.

This intermediate rate is much faster when the temperature reached in

the heating is 800° than when it is 900°, every rise of the heating temper-

ature apparently increasing the stability of the lamellar structure.

(7) Every increment of the rate of cooling increases the tensile

strength and lessens the ductiUty.

(8) Unless the rate of cooling is rather rapid, heating to 900° leads

to much greater tensile strength but much less ductility in the steel

after cooling at given rate than heating to 800°, probably in part

because of the greater stabihty and coarseness of the lamellar pearlite

formed in cooling from 900°.

(9) Other conditions being constant, the micro-structure of the

cooled state is determined primarily by the conditions of the last heat-

ing and cooling past the transformation range, the influence of prior

excursions past this range being in large part effaced by this latest one.
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Lewis, E. P., University of California, Berkeley, California. Photographic

investigations of vacuum-tube spectra of gases and vapors. (For previous

reports see Year Books Nos. 3 and 14.)

During the past year Professor Lewis has completed and published

a paper on the Ultra-Violet Spectrum of Krypton, which was printed

in the Astrophysical Journal for January 1916, pages 67-72. The wave-

lengths of about 150 lines previously unobserved were measured and

some series relations were discussed. Work begun on absorption spectra

in the ultra-violet, which was discontinued for a time on account of

pressure of work, will shortly be resumed.

Nichols, E. L., Cornell University, Ithaca, New York. Systematic study of

the properties of matter through a wide range of temperatures. (For

previous reports see Year Books Nos. 4-14.)

The general survey of the spectra of the uranyl salts, both as regards

fluorescence and absorption, a work of four years, has been completed.

The photographs have been measured and the results computed, tabu-

lated, and mapped by Dr. H. L. Howes. The materials thus worked

up include the various salts made for us by Mr. Cragwall and numer-

ous additional preparations by Dr. Wilber. In addition to this general

survey, the data from which will appear in tabular and graphic form

in a monograph on the uranyl salts now in preparation, various more

detailed studies have been made or are in progress.

The Nitrates.

A critical examination of the fluorescence and absorption spectra

of several forms of crystallized uranyl nitrate has been completed,^

the special object being the determination of the influence of different

amounts of water of crystaUization. The nitrate is well suited for

such a study, because at least three different hydrates are known
besides the anhydrous salt. It is found that the spectra of the three

hydrates differ from each other and from the spectrum of the anhy-

drous nitrate fully as much as do the spectra of as many different

uranyl salts. It appears, therefore, that water of crystallization

exerts as great an influence upon the vibrating electrons of the

UO2 base as is exerted by the acid component of the salt. The
interval between bands was found to increase slightly with increasing

amount of water of crystallization. It was also found that each of

the numerous series of absorption bands has its origin in the reversing

region, the first member of the absorption series being in coincidence

with the final member of a fluorescence series. While in many cases

either the fluorescence band or the absorption band in the reversing

region was absent, so that the actual reversal could not be observed,

the positions computed from the frequency intervals of the two series

almost always indicate that the above-mentioned relation exists. This

is presumably true of all uranyl spectra.

'Nichols and Merritt, Physical Review (forthcoming).
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The Double Chlohides.

A detailed study of the double chlorides has likewise been completed.^

It has already been shown" that uranyl ammonium chloride possesses

a fluorescence spectrum in which each of the usual uranyl bands is

resolved (at +20°) into five components, and that each of these is

further resolved into doublets upon cooUng to —185°. It had been

shown further^ that this spectrum is completely polarized, the com-

ponents of each doublet being capable of separation at +20°, so that

we have two complete fluorescence spectra and absorption spectra

polarized at right angles to one another and systematically related.

These studies have now been extended to include uranyl potassium

chloride, uranyl rubidium chloride, and uranyl csesium chloride, all of

which (like the uranyl ammonium chloride) crystallize in pleochroic,

tricUnic plates and have spectra resolved at +20° and completely polar-

ized. The similarity of the spectra of these four salts is remarkable,

all having the same number of bands, similarly arranged in groups of

five and forming homologous series with a constant frequency interval.

The interval is very nearly the same for all series and for all the salts,

with indications of a barely determinable diminution of interval with

increase in the molecular weight. The spectrum of each salt is thus an
almost exact repUca of that of the others, but slightly displaced in

wave-length, the order from red towards violet being K, NH4, Rb, Cs.

The Effect of Crystalline Form.

To determine whether the structure of the uranyl spectra depends

upon crystalline fonn it was necessary to compare two substances of

the same chemical composition but crystallographically distinct.

Uranyl ainmonium nitrate affords opportunity for such a comparison,

since it crystalHzes in two different systems—orthorhombic from

aqueous solution and trigonal from the acid—in both cases without

water of crystalUzation.

The two spectra, which have been mapped by Doctors Howes and
Wilber,^ differ in the most striking manner as regards the position of

the groups, their structure, and the character of the resolution when
cooled to Uquid air.

Doctors Howes and Wilber^ have also completed an instructive

investigation of the fluorescence of several forms of the uranyl sodium
phosphates, a study of especial interest in this connection because

these substances range from crystalUne powders to semi-fluid masses

of varying viscosity. It is found that only the dry, powdered forms

have spectra which resolve on cooling. All viscous forms, which are

solutions in varying amounts of free phosphoric acid, retain the broad

'Nichols and Howes, Physical Review (2), vm, p. .SG4 (1916).

'Nichols and Merritt, Physical Review (2), vi, p. 358 (1916).

'Nichols and Howes, Proc. Nat. Acad. Sci., vol. i, p. 444 (1915).

^Howes and Wilber, Physical Review (forthcoming).

*Howe9 and Wilber. Physical Review (2), vii, p. 395.
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unresolved bands even at the temperature of liquid air. This is in

accord with Dr. Howes's^ observations on frozen solutions, a summary
of which was recently published, while further material of interest and
significance is in preparation for the forthcoming monograph.

Phosphorescence of the Urantl Salts.

By means of a new form of phosphoroscope, the synchrono-phos-

phoroscope^, a study has been made of the phosphorescence of the vari-

ous uranyl compounds, concerning which but httle has been recorded

since the original observations of E. Becquerel in 1861. The after-glow

in these substances, while brilliant, is very brief, the intensity falling

to YTTTTw of its initial value in a few thousandths of a second. It was
found possible, nevertheless, to estabUsh the following facts :^

(1) The phosphorescence spectrum is identical in structure with

the spectrum of fluorescence, all the narrow bands observable at

— 185° being present in both.

(2) During the decay of phosphorescence all the different bands

decrease in intensity at the same rate, so that there is no change in

the relative distributions of energy, and the entire complex, in this

respect as in many others, is a unit.

(3) The law of decay"* differs from that of the phosphorescent

sulphides and other substances hitherto investigated in that, while

there are three rates or processes following one another, the second

process is more rapid instead of being slower than the first, and the

third more rapid than the second.

Experiments are planned by which to determine whether this new law

of decay is common to all substances for which the phosphorescence

is of very brief duration or is pecuUar to the uranyl salts and due perhaps

to their radioactivity and to the consequent presence of /3 rays.

The Phosphorescent Sulphides.

The change of color of the phosphorescence of the luminescent

sulphides is commonly attributed to the existence of two overlapping

bands the intensities of which die away at different rates after the

cessation of excitation. By the use of the synchrono-phosphoroscope

it has been found possible to establish the actual existence of these

bands and to determine their properties in some detail.^

In the sulphides of Lenard and Klatt the band of short duration

lies in the green, that of long duration partially overlapping, it so that

in the spectroscope the appearance is that of a single very broad band.

In the barium sulphides the band of long duration is on the side

towards the red, in the sulphides of calcium and strontium towards

'Howes, H. L., Physical Review (2), vi, p. 192 (1915).

-Nichols and Howes. Science, xliii. p. 937 (1916) ; also Physical Review (2), vii, p. 583 (1916).

'Nichols, Proc. Nat. Acad. Sci., ii, p. 328 (1916).

^Nichols and Howes, Physical Review (forthcoming).

^Nichols, Proc. Am. Philos. Soc, lv. p. 494 (1916).
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the violet. The color of fluorescence is a blend of the colors of the

two bands, the color of phosphorescence goinj^ over rapidly to that

of the band of long duration. The band of short duration has never

been subjected to quantitative study, but it is possible to do so, since

(as was shown in the paper just cited) the band of long duration

disappears at low temperatures. Doctors ]^ercy Hodge and Howes
have in progress the determination of the law of decay of this band and
also of its location in the spectrum.

Lenard has shown that there are in the violet and ultra-violet two

and sometimes three narrow, well-defined regions, varying in position

for each preparation, which strongly excite the phosphorescence of

these sulphides. Dr. H. E. Howe, using the large quartz spectro-

graph, has obtained the absorption spectra of several of the sulphides

and finds absorption bands coincident with these regions, so that it

appears that the so-called "bands of excitation" of Lenard owe their

activity to the fact that they are regions in which the incident light

is strongly absorbed by the phosphorescent material.

Dr. H. E. Howe has also completed a critical study of the sector

disk method of measuring ultra-violet absorption and has found it

possible to greatly simplify the procedure. The modified method
may be employed with any photographic plate which is sensitive in

the region studied. A spark between aluminum temiinals sub-

merged in distilled water was used as a source of light, and with

suitable devices to secure steadiness was found to be extremely satis-

factory as far as 0.2l^i. With this source Dr. Howe has used the

sector disk method in mapping the ultra-violet absorption spectra for

a number of derivatives of fluoran prepared by Professor W. R. Orn-

dorff. The results of this investigation are now ready for publication.

More recently Dr. Howe has mapped the ultra-violet absorption

spectra of alcoholic solutions of phenolphthalein and five of its halogen

derivatives, while Dr. K. S. Gibson (whose work on the effect of

temperature on the absorption of the synthetic ruby^ is completed),

has detemiined the absorption of the same substances in the visible

region by spectrophotometric methods. The agreement in the results

obtained by these widely different methods in the region where they

overlap affords a highly gratifying check upon the accuracy of the work.

The chief object of this study of the phenolphthalein derivatives

was to determine what changes in the spectrum accompany the

appearance of color that is observed when alkali is added. It was
found that the type of the absorption curve changes gradually as the

amount of alkali is increased. The great differences in the value of

the constants of molecular absorption in the visible regions, for the

several solutions, and the apjiroximate equality of this constant in

the ultra-violet band, indicate the presence in the solutions of two

'Gibson, K. S., Physical Review (2), viii, p. ;is (191f>).
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different kinds of absorbing molecules, which, according to the current

chemical theory as to the conditions of these phthaleins in dilute

alkaline solution, are molecules of two distinct substances.

Mr. W. G. Mallory has in progress a study of the selective radia-

tion of certain oxides of the rare earths. The phenomenon has been
known since the time of Robert Bunsen, but its precise relation to

ordinary temperature radiation on the one hand and to luminosity

on the other has not been precisely determined. A connection with
luminosity is strongly suggested by the fact that the emission bands
are reversals of the absorption bands of the substance, as in the case

of the ruby, and are also identical or nearly so with the emission

bands of the oxide under the kathode discharge.

Dr. C. C. Bidwell is investigating the thermal conductivities at

high temperatures of certain metallic oxides, employing a modifica-

tion of the method of Lees. This will be an interesting extension of

his recent work^ on the electric resistance, thermo-electric power,

and Hall effect of these oxides. He has also carried his observations

on the resistance and thermo-electric power of Fe203 to the melting-

point (1390° C.) and finds a reversible transformation point at 1240°.

Dr. R. W. King is applying an ingenious method,^ recently developed
by him, to the measurement of the thermal conductivity of various

metals at high temperatures and has in progress a study of the Hall

effect in thin films.

Mr. C. C. Murdock is making satisfactory progress in a study of

the behavior of certain photoactive cells with fluorescent electrolytes.

This investigation is to be regarded as a continuation of the work of Dr.
Percy Hodge^ and Dr. G. E. Thompson^ on the same subject, though
it deals with an entirely different aspect of the general problem.

Nipher, Francis E., Washington University, St. Louis, Missouri. Gravita-
tion and electrical action. (For previous report see Year Book No. 14.)

The following results have been obtained

:

1. Discharge from large condenser through lead wires clamped in a
grounded line : Positive discharge, wires become explosive and go up in

a cloud. Same potential negative, wires fuse and fall in hot globules

on paper below, burning it—scorching it.

PV
2. The Boyle-Gay-Lussac constant -jr varies somewhat with

electrical conditions of the gas. It is a minimum when the potential

is zero absolute.

3. Electrification of a mass of matter decreases the gravitational

attraction of that mass for a suspended mass within a metal shield.

(Cavendish Exp.)

iBidwell, C. C, Physical Review (2), vm (1916).

^King, R. W., Physical Review (2), vi, p. 437 (1915).

^Hodge, Percy, Physical Review, 28, p. 25 (1909).

^Thompson, G. E., Physical Review (2), V, p. 43 (1915).
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PHYSIOLOGY.

Reichert, E. T., University of Pennsylvania, Philadelphia, Pennsylvania.

The differentiation of starches of parent-stock and hybrids. (For previous

reports see Year Books 9-14.)

Dr. Reichert has continued his investigations and is engaged in the

preparation of his report upon them. It is expected that the report

will be ready for printing in the first part of 1917.

PSYCHOLOGY.

Franz, Shepherd Ivory, Government Hospital for the Insane, Washington,
District of Columbia. Investigation of the functions of the cerebrum.

(For previous reports sec Year Books Nos. 4-10, 12, and 14.)

The investigation of the motor functions of the cerebral cortex of

the monkey was continued under my direction by Dr. Mildred E.

Scheetz, with special reference to that part of the area lying within

the central or Rolandic fissure. Not much attention has been directed

to that part of the cortex lying within the fissure, perhaps on account

of the difficulty of operative technique, but the results now obtained

are of special value in connection with the numerous studies of the

superficial parts of the motor area. The spatial relations of the areas

for the bodily parts within and those outside of the fissure have been

worked out in five animals, and these results are being prepared for

publication. The results confirm those already reported by me, in

showing a considerable individual variation in size and in location of

the areas for the different anatomical segments at the bodily periphery.

Two minor studies of the behavior of the same animals which were

used in the above-mentioned work have been made and reported by
Dr. E. J. Kempf: (1) Did consciousness of self play a part in the

behavior of this monkey; (2) Two methods of subjective learnuig in

the monkey Macacus rhesus.

During the year experiments were made with patients who gave

clear clinical evidence of an interference with the cerebral tracts

concerned with motor impulses to determine the similarity or dis-

similarity of the phenomena of paralysis and recovery therefrom in

man and in the higher animals. For a long time it has been known
that if the cerebral motor cortex or tracts be interfered with in an

animal the animal may recover its ability to move, and this state-

ment has been shown to be true for all the kinds of animals which

have been experimented with. The results of the experiments with

man prove that there is no fundamental difference in kind between

his motor recovery and that of animals, and that the differences are

only those of degree. This demonstration is absolutely opposed to

current beUefs. The results of these experiments led to an investiga-

tion of some of the factors influencing the recovery of motor control
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in the monkey, the motor cortex of whose brain was destroyed. The
facts which have been obtained demonstrate that the so-called motor
cortex is not essential for the proper performance of movements.
We have also found that certain conditions facilitate the recovery.

These facts, and those obtained with paralyzed human patients, are

not only of considerable practical medical interest in that they show
that a paralysis due to a cerebral lesion is not an irrecoverable condi-

tion, but also that, contrary to the beliefs of both physiologists and
neurologists, the so-called motor cortex does not have the primacy
of function generally accorded it. They point to the necessity for a
new explanation or new explanations of certain cerebral functions.

For example, if a so-called ''voluntary" movement can be executed

after the removal or destruction of the parts of the brain (motor
cortex or underlying fibers) which have hitherto been considered to

be concerned with the production of such movements, we must alter

our conceptions of the functions of the so-called motor cells and
fibers. At the same time, if such an act of ''voUtion" can be carried

out without the parts of the brain which have hitherto been considered

to be primarily concerned in such ''volitional" acts we must modify
the current hypotheses concerning the relations of parts of the brain

to mental processes.

ZOOLOGY.

Castle, W. E., Harvard University, Cambridge, Massachusetts. Continua-
tion of experimental studies of heredity in small mammals. (For previous
reports see Year Books Nos. 3-14.)

During the past year substantial progress has been made in the

study of inherited characteristics in guinea-pigs, rabbits, rats, and
mice, with special reference to the constancy and interrelations of

mendelizing characters.

In the guinea-pig studies attention has been centered on size

inheritance in species crosses and on the influence of inbreeding on
size. In the rabbit work attention has been given principally to

quantitative studies of two color-patterns involving white-spotting,

the so-called Dutch and English varieties. Among the rats the selec-

tion experiments for modification of the hooded pattern, a mendeUzing
character, are being continued, now in their nineteenth generation,

and the linkage relations of two yellow varieties of recent origin are

being studied intensively. The mouse work centers upon a study
of the several allelomorphs of yellow, an unfixable because always
heterozygous character.

Six minor publications dealing with this work have been issued

within the year and an extensive publication deahng with the work
on guinea-pigs and rats is now in press.^

^Sincc issue.! as Civrne^ie In-<t. W.ish. Pub. Xo. 2-11, 21 >< pp., 7 phtle^.
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It is becoming clear that inherited characteristics fall into three

categories: (1) those which sharply mendelize; (2) those which blend

without indication of Mendelian inheritance; (3) those which give

partial blending with imperfect Mendelian segregation. A satisfactory

explanation of the first sort is found in the assumed existence of

pecuUar chemical substances influencing development, which are

localized in particular chromosomes within the germ-cells. Nothing

is known as to the mechanism of transmission of blending characters.

As to the third sort, they may be supposed to depend partly upon sub-

stances localized in particular chromosomes, partly upon substances

not so localized, or it may be assumed that homologous chromosomes
which are dissunilar gradually lose their dissimilarity during conjuga-

tion. Investigation is needed to clear up these uncertainties.

The efficacy of selection, whether natural or artificial, in evolution,

is generally conceded, but doubt still exists as to the nature and
course of the variations on which selection may act. That they are

directly and adaptively produced by the environment finds small

support in existing observational or experimental evidence. That a

changing environment may induce variation by disturbing the

stabiUty of the chemical compounds which constitute the Uving

substance and so leading them to assume new forms seems probable,

but as yet lacks verification. The one certain generalization of

genetic research is that hybridization is a potent source of variation.

But hybridization consists essentially in bringing together into a

single organism two somewhat dissimilar kinds of living substance,

from the interactions of which new sorts may arise slightly different

from either of the antecedent sorts. A further study of hybridiza-

tion and its consequences seems, therefore, the best present means
of extending our knowledge of organic evolution.
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